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Abstract: Hypoactive sexual desire disorder (HSDD) is a persistent deficiency or absence of sexual
fantasies and desire resulting in significant distress or interpersonal difficulty. Women with this
disorder may display a lack of motivation for sexual activity, reduced responsiveness to erotic
cues, a loss of interest during sexual activity, and avoidance of situations that could lead to sexual
activity. The pathophysiology of HSDD is thought to be centered around inhibitory and excitatory
hormones, neurotransmitters, and specific brain anatomy. Due to the multifactorial nature of HSDD,
treatment can be complex and must attempt to target the biological and psychosocial aspects of the
disorder. Bremelanotide is a melanocortin receptor agonist and has been recently approved by the
FDA to treat HSDD. Bremelanotide is administered intranasally or as a subcutaneous injection. The
recommended dosage of bremelanotide is 1.75 mg injected subcutaneously in the abdomen or thigh
at least 45 min before sexual activity. Studies showed improvements in desire, arousal, and orgasm
scores when 1.75 mg of bremelanotide was administered before sexual activity compared to a placebo.
Bremelanotide is a promising way to treat HSDD.

Keywords: hypoactive sexual desire disorder; bremelanotide; melanocortin receptor agonist

1. Introduction

Hypoactive sexual desire disorder (HSDD) is the most prevalent female sexual health
disorder [1]. HSDD is defined as persistent deficiency or absence of sexual fantasies
and desire, resulting in significant distress or interpersonal difficulty [2]. The criteria
based on the Diagnostic and Statistical manual are “persistently or recurrently deficient
(or absent) sexual fantasies and desire for sexual activity: that causes marked distress or
interpersonal difficulty” [3]. Women with this disorder may display a lack of motivation
for sexual activity, reduced responsiveness to erotic cues, a loss of interest during sexual
activity, and avoidance of situations that could lead to sexual activity. Women who suffer
from HSDD commonly have reduced self-confidence, self-worth, and impaired body
image [2]. Diagnosis of HSDD requires personal distress and a change in sexual desire
for a least three months [4,5]. Subtypes of HSDD include those that are due solely to
“psychological factors” and “combined factors.” The HSDD can be due to psychological
factors, substances, or medical conditions in the combined subtype. The overall prevalence
of HSDD ranges from 8–19% [1,6–8]. The prevalence of HSDD increases with age and
has a higher prevalence in postmenopausal women. The risk is the greatest in younger

Neurol. Int. 2022, 14, 75–88. https://doi.org/10.3390/neurolint14010006 https://www.mdpi.com/journal/neurolint

https://doi.org/10.3390/neurolint14010006
https://doi.org/10.3390/neurolint14010006
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/neurolint
https://www.mdpi.com
https://orcid.org/0000-0001-7436-6206
https://orcid.org/0000-0002-1552-3985
https://orcid.org/0000-0002-7224-3322
https://orcid.org/0000-0003-2464-0187
https://doi.org/10.3390/neurolint14010006
https://www.mdpi.com/journal/neurolint
https://www.mdpi.com/article/10.3390/neurolint14010006?type=check_update&version=2


Neurol. Int. 2022, 14 76

women in surgical menopause and is associated with a less active sex life and decreased
sexual and relationship satisfaction [1]. Women who are premenopausal and experience
hypoactive sexual desire have higher levels of distress than postmenopausal women and
are more likely to seek help [9]. Women with distressing low sexual desire have a poorer
health-related quality of life. Women suffering from this disorder have reported decreased
physical functioning, vitality, social functioning, general health, mental health, and a loss
of femininity [1,10].

Several factors have been proposed to explain the etiology of low sexual desire and
the accompanying distress. These factors include partners and life situation, ethnicity and
culture, menopause status, central nervous system activity, and hormonal influences [10].
Married women or women living with a spouse or partner were more likely to have distress-
ing low sexual desire than single women [11]. The PRESIDE study revealed that Caucasian
women were more likely than Black women to have low sexual desire [10]. Additionally,
brain areas such as the cerebral cortex may play a role in women developing HSDD. When
presented with erotic cues, women with HSDD were shown to have weaker cerebral cortex
activation in the right hemisphere and less deactivation in the left hemisphere than women
who did not have HSDD [12]. Various drugs or conditions that decrease dopamine levels
alter brain serotonin at serotonin 2A receptors or increase opioids at mu receptors have also
been shown to reduce or inhibit sexual desire [13,14]. Treatment of HSDD includes both
psychosocial and biological therapies. Psychosocial therapies include cognitive behavioral
therapy, sensate focus therapy, and mindfulness-based cognitive therapy. The current bio-
logical therapies for HSDD include flibanserin, testosterone therapy, bupropion (off-label
treatment), and buspirone (off-label treatment) [2].

2. Hypoactive Sexual Desire
2.1. Risk Factors

HSDD often goes underdiagnosed and undertreated due to the private nature of the
condition, making it difficult for patients to discuss with physicians. Understanding and
identifying risk factors associated with HSDD may help medical providers initiate conver-
sations with patients. Several factors have been associated with a potentially increased
risk of HSDD, including biological, psychosocial, and pharmacological influences. Some
commonly studied biological risk factors for HSDD include age, hormone level, and other
comorbidities [15–17]. In a study on sexual distress in US women, Shifren et al. noted
that although sexual dysfunction increases with age, actual personal distress about sexual
issues decreases with age. This study reported that sexual distress occurred in 12% of the
studied population and was more common in mid-aged (45–64 years) women (14.8%),
followed by younger women (10.8%) and older women (8.9%) [8]. Other studies of both
US and European women have shown that postmenopausal women and women who have
undergone oophorectomy (surgical menopause) have lower sexual desire and a higher risk
of developing HSDD than pre-menopausal women with younger surgical postmenopausal
women being at greatest risk [18]. This finding suggests that the decrease in estrogen and
androgens after either natural or surgical menopause plays a role in losing sexual desire
and developing HSDD [17,19]. However, other postmenopausal symptoms, such as vaginal
dryness, may also lead to low sexual desire, highlighting the importance of excluding other
possible causes when considering the diagnosis of HSDD [20]. Comorbidities that have
also been associated with HSDD include chronic medical conditions (diabetes, coronary
artery disease, etc.), urinary incontinence, multiple sclerosis, Parkinson’s disease, and head
injury [17]. Leiblum et al. reported that women with HSDD had significantly more general
health issues than women without HSDD [1].

Studies have also reported psychosocial risks related to HSDD, including depression,
relationship status, and culture. Depression can both lead to and be a result of HSDD,
which is why it is important to determine the onset of depressive symptoms in relation
to low sexual desire and personal distress [10]. A study by Whalin-Jacobsen et al. looked
at the association of androgen levels and psychosocial factors with HSDD and found
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that androgen levels were associated with low sexual desire but not with HSDD [21].
However, relationship length and depressive symptoms were positively associated with
HSDD, underlining the importance of using a biopsychosocial model to understand and
diagnose HSDD [12]. The prevalence of low sexual desire has been reported to be similar
among surgically postmenopausal women of European descent; however, HSDD was more
prevalent in France (22%) than in Germany (7%), which suggests that culture plays a role
in developing HSDD [15].

Finally, it is important to consider pharmacological risks eliciting HSDD symptoms.
Selective Serotonin Reuptake Inhibitors (SSRIs) cause an increase in serotonin, which is
considered an inhibitory signal of the sexual drive leading to a blunted sexual response
and distressing low sexual desire. Opioid consumption can also be a cause of hypoactive
sexual desire [22]. Opioids can inhibit ovarian sex hormones and adrenal androgen pro-
duction, which was found in a study that looked at women who were chronically using
sustained-action opioids [22,23]. Opioids exert their effects on adrenal androgen production
through their inhibitory effects on the hypothalamo-pituitary-adrenal axis [23]. However,
pharmacologically induced HSDD does not fit the Diagnostic Statistical Manual IV (DSM-IV)
criteria of HSDD.

2.2. Pathophysiology

The pathophysiology of HSDD is thought to be centered around inhibitory and ex-
citatory hormones, neurotransmitters, and specific brain anatomy [16,24,25]. Estrogen,
testosterone, progesterone, and dopamine positively affect sexual desire, whereas serotonin,
opioids, and prolactin negatively affect sexual desire. Studies on rats suggest that estrogen
and testosterone exert their excitatory effect on sexual response via increasing dopamine
release and synthesis, respectively [26,27]. Conversely, serotonin reduces dopamine’s
positive effect on sexual response, leading to its inhibitory effect [25].

There is support in animal studies that testosterone also has a role in sexual desire. A
study performed by Maseroli et al. looked at non-aromatized androgen dihydrotestoerone
(DHT) and sexual behavior in female rats. The rats who were primed with estrogen and
received DHT displayed significantly more appetitive behaviors compared to the negative
controls [28]. The authors concluded that the administration of DHT enhances sexual
behavior. This argues that testosterone does play a role in sexual desire, suggesting that it
may also play a role in hypoactive sexual desire.

Neuroimaging studies have shown that HSDD is related to a sexual desire brain
network (SDBN) involving different areas of the brain that are either excited or repressed
by sexual stimuli. These studies suggest that atrophy of excitatory areas and hyperactivity
in inhibitory areas may lead to an increased risk of HSDD [24]. This study also reports that
this SDBN upholds the top-down processing model of HSDD, suggesting that women with
HSDD focus their attention more on evaluating their response to sexual stimuli rather than
on allowing themselves to be stimulated.

3. Current Treatment

Since a variety of biological, psychological, and social factors cause HSDD, current
treatments follow a biopsychosocial approach when evaluating and treating patients af-
fected by the disorder [17,29,30]. Literature sources agree that there are significant chal-
lenges in the treatment of HSDD due to the lack of structured treatment regimens and clear
clinical guidelines, so treatments may vary on an individualized basis. Recommended
treatments start with office-based counseling before progressing to psychotherapy and/or
pharmacotherapy [17]. Prior to discussing the available treatment options, it is important to
note that approved treatments are limited in women with HSDD who are postmenopausal.
In this section, the current treatment will be discussed.
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3.1. Office-Based Counseling

Initially, office-based counseling may help treat HSDD with basic education and rec-
ommended lifestyle changes to improve sexual desire [31]. Clinician reluctance to discuss
sexual health is a significant barrier for treating patients with HSDD. As a result, clinicians
must be proactive in identifying sexual concerns and determining the best available treat-
ment options. One popular approach for office-based counseling is the PLISSIT model, an
approach used for the treatment of sexual disorders. The model incorporates permission to
discuss problems and emotions, limited information on basic sexual function education
and resources, specific suggestions to address problems with directives, and the need for
more intensive treatment [32].

3.2. Psychological

Subsequently, psychological intervention has been recommended as a next treatment
modality if office-based counseling is ineffective or severe psychiatric issues, such as trauma
or abuse, are revealed for individual cases. Studies have suggested a collection of separate
interventions for female sexual dysfunction include cognitive-behavioral therapy (CBT),
mindfulness meditation therapy (MMT), and exercises for couples. However, although
controlled trials support the use of CBT and MMT for the treatment of HSDD, the efficacy
of these interventions has not been supported by scientific and regulatory standards for
drug treatment trials. Specifically, trials testing the efficacy of psychological treatments lack
the scientific and regulatory standards necessary for significant results. Standards include
reproducibility of intervention, randomizations, adequate control, and/or outcomes of
clinical relevance [33]

3.3. Pharmacological

A variety of pharmacological treatments have been tested for HSDD through random-
ized controlled clinical trials. However, current treatment options approved by the FDA
are still limited for women with the disorder. Treatment options focus on the inhibitory and
excitatory pathways linked to the regulation of responses for sexual cues. There are ongoing
investigations for novel treatments against HSDD cover hormone therapies and centrally
acting drugs intended to regulate these neural pathways [31]. Studies have measured
efficacy using patient-reported outcomes of sexual desire [34,35].

3.4. Off-Label Treatments

Alternative pharmacological approaches have been studied using off-label medi-
cations. One of the most common treatments tested for HSDD has been testosterone.
Testosterone is the primary sex hormone associated with the regulation of sexual desire,
and low levels in postmenopausal women are associated with loss of libido and decreased
sexual activity [17]. HSDD has been hypothesized to occur due to low circulating androgen
levels arising from either post-menopause or surgical removal of the ovaries [36,37]. Cur-
rently, data support that testosterone treatment shows efficacy in women with low levels
and a decrease in sexual desire [38–43]. Likewise, combination therapy of estrogen and
methyltestosterone has been shown to be a viable treatment for HSDD. However, studies
evaluating testosterone treatment for HSDD have not evaluated long-term treatments nor
have they established detailed results on safety and tolerability [44]. Currently, treatments
incorporating testosterone with other medications such as sildenafil are being evaluated
for improved sexual functioning [45].

Another off-label treatment being tested for HSDD is bupropion. Bupropion, a
dopamine and serotonin reuptake inhibitor, shows a lower incidence of sexual dysfunction
in patients with major depressive disorder [46–50]. In studies evaluating women with
HSDD, bupropion had a significantly increased rate of release compared to placebo [51,52].
It is thought that the increased availability of dopamine is what helps to decrease the risk
of sexual dysfunction and could be the reason it may be helpful in treating HSDD.
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3.5. Approved Agents

Flibanserin (postsynaptic 5-hydroxytryptamine 1A agonist and 2A antagonist) was the
first agent approved by the FDA for the treatment of HSDD [53]. Flibanserin functions by
decreasing serotonin levels and increasing both dopamine and norepinephrine levels [13,54].
Flibanserin has a high affinity for 5-HT1A receptors in the hippocampus and the prefrontal
cortex [55]. It also has agonist activity at the 5-HT1A postsynaptic receptors, which has some
downstream effects in altering the levels of other monoamines, including dopamine [55].
Flibanserin also causes a net increase in norepinephrine concentrations in the prefrontal
cortex through the disinhibition of the locus coeruleus noradrenergic neurons [55]. These
neurotransmitters have been associated with excitatory and inhibitory responses to sexual
cues implicated in HSDD [13]. Clinical trials have demonstrated that subjects experienced
improved satisfying sexual events after taking flibanserin compared to that of the control
group [56–64]. Flibanserin was initially rejected for approval by the FDA in 2010 due to
concerns over efficacy and safety data [53,65]. The most common adverse events included
somnolence and dizziness, which researchers have explored with alcohol use [54,62].
Finally, Bremelanotide, which is the main focus of this paper, is a melanocortin receptor
agonist and has been recently approved by the FDA for the treatment of HSDD [10,66]

4. Bremelanotide

Bremelanotide is a melanocortin receptor agonist which non-selectively activates
melanocortin 1 receptor (MC1R), melanocortin 2 receptor (MC2R), melanocortin 3 receptor
(MC3R), melanocortin 4 receptor (MC4R), and melanocortin 5 receptor (MC5R) receptors.
Activation of MC4R receptors modifies brain pathways involved in sexual responses [67].
Stimulation of MC4R receptors can also cause a transient increase in blood pressure and
a decrease in heart rate [68]. Bremelanotide is contraindicated in individuals with uncon-
trolled hypertension or cardiovascular disease [69]. Activation of MC1R receptors may
contribute to the adverse effect of hyperpigmentation [67]. Bremelanotide is able to be
administered intranasally or as a subcutaneous injection. The subcutaneous route has 100%
bioavailability and is associated with fewer side effects [68]. The recommended dosage of
bremelanotide is 1.75 mg injected subcutaneously in the abdomen or thigh at least 45 min
prior to sexual activity. Individuals should take only one dose every 24 h. Individuals
should refrain from taking more than eight doses of bremelanotide per month.

4.1. Mechanism of Action

The mechanism of action of bremelanotide is better understood for treating male
sexual dysfunction compared to female sexual dysfunction. In males, bremelanotide
primarily acts on MC3R and MC4R to help treat erectile dysfunction. The stimulation of
the melanocortin receptors, in general, causes a local increase of nitric oxide in the penis
leading to vasodilation and penile erection [70,71]. In females who suffer from HSDD,
abnormal sexual responses are due to an imbalance of various neurotransmitters. Amongst
these neurotransmitters, dopamine, and melanocortin stimulate attention and desire while
norepinephrine and oxytocin stimulate sexual arousal [72]. In females, administration
of bremelanotide acts primarily on the presynaptic MC4R and stimulates the release of
dopamine to portions of the nucleus accumbens, medial preoptic area, verbal tegmental
area, arcuate nucleus, and the medial and basolateral amygdala [66]. These brain areas
are involved in regulating the motivational, arousal, and appetitive aspects of sexual
behavior [73].

4.2. Pharmacodynamics of Bremelanotide

Bremelanotide is a non-selective agonist of the melanocortin receptors but is thought to
mainly act as an MC3R and MC4R receptor agonist. It is important to note that agonism of
the melanocortin receptors may lead to increased melanin expression, which can lead to hy-
perpigmentation [74]. The main adverse effects of bremelanotide include transient increases
in systolic and diastolic blood pressure, nausea, headache, and hyperpigmentation [75].
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In a study addressing the pharmacodynamics of bremelanotide, researchers monitored
ambulatory blood pressures of premenopausal women who received the drug daily for
eight days. They found a mean increase of 1.9 mmHg (daily SBP) and 1.7 mmHg (daily
DBP). Elevated SBP and DBP measurements peaked at 2.8 mmHg 4–8 h after receiving a
dose of bremelanotide and at 2.7 mmHg 0–4 h after receiving a dose, respectively.

4.3. Pharmacokinetics of Bremelanotide

After subcutaneous administration of bremelanotide, its mean maximum plasma
concentration reaches 72.8 ng/mL, and AUC is 276 hr*ng/mL. Bremelanotide’s Cmax level
reaches its plateau after a 7.5 mg dose administration. It takes about 1 h for Bremelanotide
to reach its maximum plasma concentration and does have 100% bioavailability with a
subcutaneous injection. It is noted to be 21% protein-bound in the serum [74]. After a
subcutaneous dose of bremelanotide, its half-life is 2.5 h and has a mean clearance of
6.5 +/− 1.0 L/h. Bremelanotide is a 7 amino acid chain and its metabolism consists of
multiple hydrolysis reactions [74]. It is renally excreted (64.8%), with some fecal excretion
(22.8%). Renal and hepatic impairment causes an increase in bremelanotide’s AUC. Breme-
lanotide decreases gastric emptying and has been shown to decrease the rate and extent of
absorption of other orally administered drugs, particularly indomethacin and naltrexone.
If patients are taking these drugs, they should avoid taking bremelanotide [75].

5. Clinical Studies: Safety and Efficacy

Bremelanotide (PT-141) is a melanocortinergic agent, a group of synthetic analogs
with demonstrated efficacy in improving male and female sexual dysfunction [66]. Across
multiple controlled clinical trials, bremelanotide has been demonstrated to be a possible
treatment option for women with hypoactive sexual desire disorder (HSDD).

5.1. Early Studies

The earliest clinical study of bremelanotide took place in a 2006 randomized controlled
clinical trial that evaluated physiological and subjective measurements of sexual arousal
and desire in premenopausal women diagnosed with HSDD [76]. Eighteen women received
intranasal doses of bremelanotide or matching placebo on the first and second in-clinic visit.
In each session, women were shown a 20-min normal video followed by a 20-min sexually
explicit video. The perceived sexual response was evaluated through questionnaires and
vaginal vasocongestion, which was measured by vaginal photoplethysmography. When
administered bremelanotide compared to the placebo, women reported moderate or high
sexual desire (p = 0.0114). Women also reported more positive responses to feelings of
genital arousal (p = 0.0833) and more satisfaction with the level of sexual arousal when
attempting sexual intercourse in the following 24 h (p = 0.0256). The study reported no
adverse effects from bremelanotide administration.

5.2. Phase I

To evaluate the safety and tolerability of bremelanotide, a phase I randomized double-
blind study evaluated the administration of bremelanotide in conjunction with ethanol
for analysis of pharmacokinetic interactions [77]. Patients (n = 24, 12 male and 12 female)
were randomized to 1 of 6 treatment groups and received single doses of either 20 mg
intranasal bremelanotide or placebo on days 1, 4, and 7 over the course of 7 days. Doses
were administered with or without 0.6 g/kg ethanol. Adverse events were evaluated using
vital signs, self-rated sedation scores, nursing and medical observations, and spontaneous
reporting by participants. Blood and urine samples were collected for clinical safety
laboratory tests. A physical exam and resting 12-lead electrocardiogram were performed on
subjects at baseline and on the 7th study day. In total, the percentage of adverse events was
highest for subjects who received ethanol and bremelanotide (75%) compared to subjects
who received bremelanotide only (67%) or ethanol only (58%). The study concluded that
there were no significant increases in the incidence of adverse events. Small decreases
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in mean blood pressure were only observed for bremelanotide and ethanol and ethanol
alone. There were also no clinically significant changes in blood pressure and no noticeable
pharmacokinetic interactions with bremelanotide administration alongside ethanol.

5.3. Phase 2b

A double-blind controlled trial in 2016 evaluated the long-term efficacy/safety of
bremelanotide administered subcutaneously for premenopausal women with HSDD and/or
female sexual arousal disorder (FSAD) [78,79]. Subjects were at least 21 years old, had at
least two years of normal sexual function, a stable monogamous relationship for at least six
months, and no underlying medical conditions which affected sexual function. Subjects
were double-blind placebo groups with either 0.75, 1.25, 1.75 mg BMT, or placebo in a
1:1:1:1 ratio. The groups were stratified by diagnosis (FSAD, HSDD, or both). Initially, two
doses were administered one week apart in the clinic before 12 weeks of self-administered
doses at home. Subjects would self-administer treatment with subcutaneous injection
approximately 45 min prior to sexual activity. Subjects who provided data after four weeks
of double-blind treatment were a part of the mITT population (n = 327). Primary efficacy
endpoints measured the change in sexually satisfying events (SSEs) from baseline to end of
the study. Secondary endpoints measured the changes in sexual desire and scores. Desire
was scored using the Female Sexual Function Index (FSFI) assesses female sexual function
using a self-assessment of sexual feelings and responses on a five- or six-choice scale [34,80].
To assess drug safety, the study used physical examination, vital signs, 12-lead ECGs, and
clinical lab tests to evaluate subjects. Blood pressure (BP) was also monitored using 2 h
and 24-h ambulatory blood pressure monitoring (ABPM). Patients were excluded from the
study if they sustained elevated BP values (SBP ≥ 150–170 mmHg/DBP ≥ 95–105 mmHg)
or had a change in baseline (SBP ≥ 30 mmHg/DBP ≥ 15 mmHg) for two to four consecutive
readings. This measure was included in response to safety concerns associated with earlier
studies of intranasal bremelanotide treatment. Specifically, melanocortin receptor agonists,
such as bremelanotide, may cause increases in BP [68].

Overall, 1.25 mg and 1.75 mg bremelanotide were demonstrated to have the greatest
efficacy profile. Subjects treated with bremelanotide in the 1.25/1.75 mg groups showed sta-
tistically significant improvement in primary and secondary endpoint measures compared
to the placebo group. The mean change in number of SSEs was +0.7 (2.4) events/month for
bremelanotide compared with +0.2 (2.3) for placebo (p = 0.0180). For secondary endpoints,
the mean change in FSFI score was +3.6 (5.7) versus +1.9 (5.9; p = 0.0017) and the mean
change in FSDS-DAO score was −11.1 (12.0) versus −6.8 (13.6; p = 0.0014). One specific
distinction between the two dosage groups was that 1.75 mg subjects showed a statistically
significant increase in all FSDS-DAO and FSFI outcomes compared to the total score and
desire score for the 1.25/1.75 mg integrated group.

The controlled trial did report treatment-emergent adverse events (TEAEs). The most
common occurrences took place in the 1.25 and 1.75 mg groups. The TEAEs include nausea
(22–24%), flushing (14–17%), and headache (9–14%). Seventy patients in the bremelanotide
group and seven patients in the placebo group experienced injection-site reactions (irritation,
rash, urticaria, swelling, pruritus, warmth, erythema, hematoma, hemorrhage, induration,
nodule, or pain). Three bremelanotide subjects and one placebo subject reported serious
TEAEs but were associated with underlying medical conditions instead of bremelanotide
usage. 13 subjects withdrew from double-blind treatment due to associated TEAEs.

Overall, bremelanotide was fairly well tolerated. Of the patients who experienced
injection-site reactions, 94% experienced mild events. Out of the 296 bremelanotide users
and 98 placebo users, subjects in the bremelanotide group reported more frequent adverse
reactions than placebo users for nausea (22% vs. 3%), vomiting (4% vs. 0%), and flushing
(16% vs. 0%). Although BP recordings demonstrated a decline in mean BP (3–6 mmHg)
and heart rate (5%), ABPM changes were not considered statistically significant between
the bremelanotide and placebo groups.
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From the previous phase 2b study, a responder analysis was carried out to evaluate the
minimal clinically important difference (MCID) for patient-reported outcomes (PROs) [79].
Scores were selected from premenopausal women who were affected by HSDD or mixed
HSDD/FSAD. Responder analyses evaluated the change from baseline to end-of-study
for seven endpoints. Each PRO endpoint used 1–4 different types of responder analyses:
planned analysis based on expert estimates, post hoc analyses, receiver operating char-
acteristic (ROC) curves, and cumulative distribution function. From the responder rates,
those at the 1.75 mg dose in the miTT population showed statistical significance compared
with the placebo (p ≤ 0.03) at both primary and secondary endpoints. As a result, 1.75 mg
bremelanotide was chosen by researchers for phase 3 clinical studies to further test efficacy
and safety.

5.4. RECONNECT

Two-phase 3, randomized, double-blind, placebo-controlled, multicenter clinical trials
(RECONNECT) were conducted between 2015–2016 to evaluate the safety and efficacy
of bremelanotide treatment for premenopausal women with HSDD [78]. Premenopausal
women 18 years or older with a stable monogamous relationship were recruited for the
studies. HSDD diagnosis was determined using the Diagnostic Screening Guide for HSDD
by an investigator or licensed health care provider. Subject eligibility was based on a
diagnosis of HSDD for more than six months and evidence of normal sexual functioning
for at least two years. Women who were pregnant, nursing, diagnosed with other female
sexual dysfunction disorders, or currently being treated for any psychiatric disorders were
excluded. Based on the data from a previous phase 2b clinical trial, 1.75 mg bremelanotide
was selected for testing due to optimal efficacy and safety profiles.

Women randomized to the safety (n = 1247) and efficacy (n = 1202) groups received
either the treatment or placebo for 24 weeks. Safety evaluations were performed at screen-
ing, monthly, then at the end of the study. Components included a physical examination,
BP assessment, ECG, and clinical laboratory testing. Primary efficacy endpoints involved
a change in Female Sexual Function Index-desire domain (FSFI-D) and Female Sexual
Distress Scale-Desire/Arousal/Orgasm (FSDS-DAO) score from baseline to end-of-study.
Secondary endpoints measured the change in satisfying sexual events within 16 h of receiv-
ing treatment or placebo and reported within 72 h. Because both studies were identical in
design, based on exclusion/inclusion criteria, and efficacy and safety assessments, results
collected from each study were integrated together in this review.

In these two phase 3 trials, it was demonstrated that bremelanotide showed clinical
significance in the increase in sexual desire and decrease in distress related to low sexual
desire compared with placebo for premenopausal women with HSDD. Both primary
endpoints were achieved in the phase 3 trials. Specifically, women who took bremelanotide
had a statistically significant increase in sexual desire for each independent study and
combined (study 301: 0.30, p < 0.001; study 302: 0.42, p < 0.001; integrated studies 0.35,
p < 0.001) while having a significant decrease in distress associated with low sexual desire
(study 301: −0.37, p < 0.001; study 302: −0.29, p = 0.005; integrated studies −0.33, p < 0.001).
The co-primary endpoints not only yielded statistically significant data between treatment
groups but also had a significant response rate for studies 301 and 302 (bremelanotide: 58.3
and 58.2%, placebo: 36.1% and 35.4%). Higher response rates for the bremelanotide group
signified that the subjects found more meaningful clinical changes when administered
the treatment.

In both studies from baseline to the end of the study, women who were taking breme-
lanotide had a statistically significant increase in sexual desire (study 301 0.30, p < 0.001,
study 302 0.42, p < 0.001, integrated studies 0.35, p < 0.001) and had a statistically signifi-
cant reduction in distress related to low sexual desire (study 301 −0.37, p < 0.001, study
302 −0.29, p = 0.005, integrated studies −0.33, p < 0.001) compared with the placebo [81].
The secondary endpoint was the change from baseline to end-of-study in the number
of satisfying sexual events that occurred within 16 h of study drug doses and reported
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within 72 h of occurring [81]. The change between the baseline and end-of-study number of
satisfying sexual events reported did not reach statistical significance between the treatment
groups (study 301 bremelanotide 0.0, placebo −0.1 p = 0.764, study 302 bremelanotide 0.0,
placebo 0.0 p = 0.702, integrated studies bremelanotide 0.0, placebo −0.1 p = 0.630). The
authors performed a post hoc exploratory analysis that showed that the difference in the
percentages of sexual events that were considered satisfying sexual events (defined as the
number of satisfying sexual events per total number of sexual encounters) increased in
the bremelanotide group when compared to the placebo group. Across both studies, the
differences in the percentage increased greater than two-fold in the bremelanotide group
when compared to the placebo (25% vs. 9.8% p < 0.001) [81].

Subjects who received bremelanotide experienced more adverse side effects compared
to those who received the placebo (76.6% vs. 58.2%). In both studies, bremelanotide users
experienced more frequent nausea (40% vs 1.3%), flushing (20.3% vs 0.3%), and headache
(11.3% vs 1.9%) than the placebo group. The TEAEs related to bremelanotide were nausea,
flushing, and headache. As reflected in the original phase, 2b study, mean increases in
subject BP and HR were modest. Of the 40% of the patients taking bremelanotide, only
8.1% discontinued the medication during the study due to this TEAE [81]. There were no
clinically significant changes to the other safety measures evaluated.

Overall, the phase 3 trials have shown that Bremelanotide holds promise as a treatment
for HSDD in postmenopausal women. The drug has demonstrated a clinical efficacy profile
with minimal safety concerns, which ultimately led to FDA approval in 2019 [67]. The
TEAEs experienced were related to tolerability and not safety concerns. It is important to
note, however, that the high response rates of the RECONNECT trial could be attributed
to the placebo effect, and this was noted by the authors. Table 1 summarizes the studies
discussed in this section.

Table 1. Clinical Efficacy and Safety.

Author
(Year). Groups Studied and Intervention Results and Findings

Diamond LE
et al., 2006

Evaluated physiological and subjective measurements of
sexual arousal and desire in premenopausal women

diagnosed with HSDD (n = 18).
Intranasal doses of bremelanotide or matching placebo
on the first and second in-clinic visit. In each session,

women were shown a 20-min normal video followed by
a 20-min sexually explicit video.

Perceived sexual response evaluated using
questionnaires and vaginal vasocongestion (measured

by vaginal photoplethysmography).

When administered bremelanotide women reported
moderate or high sexual desire compared to placebo

(p = 0.0114).
Women reported more positive responses to feelings of
genital arousal (p = 0.0833), and more satisfaction with

level of sexual arousal when attempting sexual
intercourse in the following 24 h (p = 0.0256).
No adverse effects from BMT administration.

Clayton AH
et al., 2017

Phase I
Evaluated the safety, tolerability, and hemodynamic and
pharmacokinetic effects of bremelanotide (BMT) when

administered with ethanol.
24 participants (12 men; 12 women) enrolled in the

study; received BMT or placebo with or without ethanol
for 7 consecutive days. Participants received single

intranasal doses of 20 mg BMT or placebo on days 1, 4,
and 7, with or without oral ethanol (0.6 g/kg).

Doses of 20 mg intranasal BMT, with or without
0.6 g/kg ethanol, were considered safe and well

tolerated with.
No clinically significant pharmacokinetic interactions
found between ethanol and BMT (both overall and by

sex). No significant drug-related hypotensive or
orthostatic hypotensive effects were noted.

Unchanged frequency of treatment-emergent adverse
events (TEAEs), no participants discontinued the

study because of adverse events.
Physical examination, electrocardiography, and

laboratory tests disclosed no clinically significant
changes.
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Table 1. Cont.

Author
(Year). Groups Studied and Intervention Results and Findings

Clayton AH
et al., 2016

Phase 2b
Premenopausal nonpregnant women at least 21 years

old with FSAD, HSDD or a combination of these
disorders for at least the preceding 6 months.

Patients randomized to receive placebo or BMT 0.75,
1.25 or 1.75 mg self-administered subcutaneously over

12 weeks.
Double-blind treatment began with two

self-administered in-clinic study-drug doses spaced
approximately 1 week apart. Dosing at-home, as-desired
approximately 45 min prior to anticipated sexual activity.

Primary end point was change in satisfying sexual
events/month. Secondary end points included total
score changes on female sexual function index and

female sexual distress scale-desire/arousal/orgasm.

The primary efficacy end point was each patient’s
change, from baseline to end of study (EOS), in the

number of SSEs. The mean change in number of SSEs
from baseline to EOS was +0.7 (2.4) events/month for
BMT 1.25/1.75 mg pooled, compared with +0.2 (2.3)

for placebo (p = 0.0180)
Secondary end points included change from baseline

to EOS in total FSFI score, FSFI domain scores for
desire and arousal, total FSDS-DAO score and

individual FSDS-DAO item #14 (arousal) and #13
(desire) scores.

Mean change in FSFI total score was +3.6 (5.7) versus
+1.9 (5.9; p = 0.0017) and the mean change in

FSDS-DAO total score was −11.1 (12.0) versus −6.8
(13.6; p = 0.0014)

Kingsberg AS
et al., 2019

RECONNECT
Evaluated the safety and efficacy of bremelanotide

1.75 mg administered. For premenopausal women with
hypoactive sexual desire disorder.

Randomized 1:1 to 24 weeks of treatment with
bremelanotide or placebo.

Primary end point was change in FSFI-D and
FSDS-DAO. Secondary end point was the number of

satisfying sexual events.

Women who were taking bremelanotide had a
statistically significant increase in sexual desire (study
301 0.30, p < 0.001, study 302 0.42, p < 0.001, integrated

studies 0.35, p < 0.001).
Statistically significant reduction in distress related to
low sexual desire (study 301 −0.37, p < 0.001, study

302 −0.29, p = 0.005, integrated studies
−0.33, p < 0.001) compared with placebo.

Patients taking bremelanotide experienced more
nausea, flushing, and headache (10% or more in both

studies) compared with placebo.

6. Conclusions

Hypoactive sexual desire disorder is a multi-faceted disorder involving biological,
psychological, and pharmacological influences. The sensitivity of this disorder often makes
it difficult to identify and treat. Further complicating treatment is the complex intertwine-
ment between the biological and psychosocial causes of HSDD. Psychosocial factors such
as relationship status, culture, and menopausal status have been shown to influence sexual
desire and activity in women [10]. Additionally, the activity of hormones such as dopamine,
testosterone, and progesterone have been shown to have positive effects on sexual desire,
while other hormones such as serotonin and prolactin have been shown to impair sexual
desire by inhibiting dopamine release [26,27]. Treatment of HSDD is focused on reducing
sexual distress and improving sexual desire. Treatment options for HSDD include both
psychosocial approaches and pharmacotherapy. Psychosocial treatments include cognitive
behavioral therapy, mindfulness-based therapy, and couple’s therapy. Pharmacotherapy
options include flibanserin, bupropion, ospemifene, testosterone, and bremelanotide [2].
Bremelanotide is the most recent FDA-approved treatment for HSDD. Bremelanotide is
a nonselective melanotropin receptor agonist which primarily acts on MC4R receptors to
modulate brain pathways involved in sexual responses [81]. Bremelanotide has shown
efficacy in improving sexual responses in women suffering from HSDD. In comparison
to a placebo group, women taking bremelanotide have reported increased sexual desire
and more positive responses to feelings of genital arousal. Additionally, women taking
bremelanotide reported increased satisfaction with arousal levels when attempting in-
tercourse [76]. Bremelanotide should be used cautiously in patients with cardiovascular
disease as it can decrease heart rate and increase blood pressure [68]. The most common
side effects of bremelanotide are nausea, vomiting, and flushing [69]. Bremelanotide shows
a promising way to treat HSDD.



Neurol. Int. 2022, 14 85

Author Contributions: A.N.E., A.D.K. and A.M.K. were responsible for the conceptualization of the
manuscript. A.N.E., K.B.L., N.M.S. and T.L.A. were involved in the writing of the manuscript. A.N.E.,
E.M.C., A.D.K. and A.M.K. were involved in manuscript editing. All authors have read and agreed
to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not Applicable.

Informed Consent Statement: Not Applicable.

Data Availability Statement: All data and materials found in this manuscript can be found in articles
found on pubmed.

Acknowledgments: The authors were like to acknowledge the authors and publishers of the studies
reviewed in this manuscript.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Leiblum, S.R.; Koochaki, P.E.; Rodenberg, C.A.; Barton, I.P.; Rosen, R.C. Hypoactive sexual desire disorder in postmenopausal

women: US results from the Women’s International Study of Health and Sexuality (WISHeS). Menopause 2006, 13, 46–56.
[CrossRef] [PubMed]

2. Goldstein, I.; Kim, N.N.; Clayton, A.H.; DeRogatis, L.R.; Giraldi, A.; Parish, S.J.; Pfaus, J.; Simon, J.A.; Kingsberg, S.A.; Meston,
C.; et al. Hypoactive Sexual Desire Disorder: International Society for the Study of Women’s Sexual Health (ISSWSH) Expert
Consensus Panel Review. In Mayo Clinic Proceedings; Elsevier: Amsterdam, The Netherlands, 2017.

3. Brotto, L.A. The DSM diagnostic criteria for hypoactive sexual desire disorder in women. Arch. Sex. Behav. 2010, 39, 221–239.
[CrossRef]

4. Segal, D.L. Diagnostic and Statistical Manual of Mental Disorders (DSM-IV-TR). In The Corsini Encyclopedia of Psychology; John
Wiley & Sons, Inc.: Hoboken, NJ, USA, 2010.

5. McCabe, M.P.; Sharlip, I.D.; Atalla, E.; Balon, R.; Fisher, A.D.; Laumann, E.; Lee, S.W.; Lewis, R.; Segraves, R.T. Definitions of
Sexual Dysfunctions in Women and Men: A Consensus Statement From the Fourth International Consultation on Sexual Medicine
2015. J. Sex. Med. 2016, 13, 135–143. [CrossRef] [PubMed]

6. West, S.L.; D’Aloisio, A.A.; Agans, R.P.; Kalsbeek, W.D.; Borisov, N.N.; Thorp, J.M. Prevalence of low sexual desire and hypoactive
sexual desire disorder in a nationally representative sample of US women. Arch. Intern. Med. 2008, 168, 1441–1449. [CrossRef]
[PubMed]

7. Hayes, R.D.; Dennerstein, L.; Bennett, C.M.; Koochaki, P.E.; Leiblum, S.R.; Graziottin, A. Relationship between hypoactive sexual
desire disorder and aging. Fertil. Steril. 2007, 87, 107–112. [CrossRef]

8. Shifren, J.L.; Monz, B.U.; Russo, P.A.; Segreti, A.; Johannes, C.B. Sexual problems and distress in united states women: Prevalence
and correlates. Obstet. Gynecol. 2008, 11, 970–978. [CrossRef] [PubMed]

9. Rosen, R.C.; Maserejian, N.N.; Connor, M.K.; Krychman, M.L.; Brown, C.S.; Goldstein, I. Characteristics of premenopausal and
postmenopausal women with acquired, generalized hypoactive sexual desire disorder: The Hypoactive Sexual Desire Disorder
Registry for women. Menopause 2012, 19, 396–405. [CrossRef]

10. Parish, S.J.; Hahn, S.R. Hypoactive Sexual Desire Disorder: A Review of Epidemiology, Biopsychology, Diagnosis, and Treatment.
Sex. Med. Rev. 2016, 4, 103–120. [CrossRef] [PubMed]

11. Rosen, R.C.; Shifren, J.L.; Monz, B.U.; Odom, D.M.; Russo, P.A.; Johannes, C.B. Correlates of sexually related personal distress in
women with low sexual desire. J. Sex. Med. 2009, 6, 1549–1560. [CrossRef]

12. Holstege, G. How the Emotional Motor System Controls the Pelvic Organs. Sex. Med. Rev. 2016, 4, 303–328. [CrossRef] [PubMed]
13. Pfaus, J.G. Pathways of sexual desire. J. Sex. Med. 2009, 6, 1506–1533. [CrossRef] [PubMed]
14. Stahl, S.M. Targeting circuits of sexual desire as a treatment strategy for hypoactive sexual desire disorder. J. Clin. Psychiatry 2010,

71, 821–822. [CrossRef] [PubMed]
15. Graziottin, A.; Koochaki, P.E.; Rodenberg, C.A.; Dennerstein, L. The prevalence of hypoactive sexual desire disorder in surgically

menopausal women: An epidemiological study of women in four European countries. J. Sex. Med. 2009, 6, 2143–2153. [CrossRef]
16. Simon, J.A. Low sexual desire–is it all in her head? Pathophysiology, diagnosis, and treatment of hypoactive sexual desire

disorder. Postgrad. Med. 2010, 122, 128–136. [CrossRef] [PubMed]
17. Clayton, A.H. The pathophysiology of hypoactive sexual desire disorder in women. Int. J. Gynaecol. Obstet. Off. Organ Int. Fed.

Gynaecol. Obstet. 2010, 110, 7–11. [CrossRef] [PubMed]
18. Dennerstein, L.; Koochaki, P.; Barton, I.; Graziottin, A. Hypoactive sexual desire disorder in menopausal women: A survey of

Western European women. J. Sex. Med. 2006, 3, 212–222. [CrossRef]
19. Castelo-Branco, C.; Palacios, S.; Combalia, J.; Ferrer, M.; Traveria, G. Risk of hypoactive sexual desire disorder and associated

factors in a cohort of oophorectomized women. Climacteric J. Int. Menopause Soc. 2009, 12, 525–532. [CrossRef]

http://doi.org/10.1097/01.gme.0000172596.76272.06
http://www.ncbi.nlm.nih.gov/pubmed/16607098
http://doi.org/10.1007/s10508-009-9543-1
http://doi.org/10.1016/j.jsxm.2015.12.019
http://www.ncbi.nlm.nih.gov/pubmed/26953828
http://doi.org/10.1001/archinte.168.13.1441
http://www.ncbi.nlm.nih.gov/pubmed/18625925
http://doi.org/10.1016/j.fertnstert.2006.05.071
http://doi.org/10.1097/AOG.0b013e3181898cdb
http://www.ncbi.nlm.nih.gov/pubmed/18978095
http://doi.org/10.1097/gme.0b013e318230e286
http://doi.org/10.1016/j.sxmr.2015.11.009
http://www.ncbi.nlm.nih.gov/pubmed/27872021
http://doi.org/10.1111/j.1743-6109.2009.01252.x
http://doi.org/10.1016/j.sxmr.2016.04.002
http://www.ncbi.nlm.nih.gov/pubmed/27872027
http://doi.org/10.1111/j.1743-6109.2009.01309.x
http://www.ncbi.nlm.nih.gov/pubmed/19453889
http://doi.org/10.4088/JCP.10bs06117blu
http://www.ncbi.nlm.nih.gov/pubmed/20667289
http://doi.org/10.1111/j.1743-6109.2009.01319.x
http://doi.org/10.3810/pgm.2010.11.2230
http://www.ncbi.nlm.nih.gov/pubmed/21084789
http://doi.org/10.1016/j.ijgo.2010.02.014
http://www.ncbi.nlm.nih.gov/pubmed/20434725
http://doi.org/10.1111/j.1743-6109.2006.00215.x
http://doi.org/10.3109/13697130903075345


Neurol. Int. 2022, 14 86

20. Worsley, R.; Bell, R.J.; Gartoulla, P.; Davis, S.R. Prevalence and Predictors of Low Sexual Desire, Sexually Related Personal Distress,
and Hypoactive Sexual Desire Dysfunction in a Community-Based Sample of Midlife Women. J. Sex. Med. 2017, 14, 675–686.
[CrossRef] [PubMed]

21. Wåhlin-Jacobsen, S.; Kristensen, E.; Pedersen, A.T.; Laessøe, N.C.; Cohen, A.S.; Hougaard, D.M.; Lundqvist, M.; Giraldi, A.
Androgens and Psychosocial Factors Related to Sexual Dysfunctions in Premenopausal Women∗: ∗2016 ISSM Female Sexual
Dysfunction Prize. J. Sex. Med. 2017, 14, 366–379. [CrossRef]

22. Daniell, H.W. Opioid Endocrinopathy in Women Consuming Prescribed Sustained-Action Opioids for Control of Nonmalignant
Pain. J. Pain 2008, 9, 28–36. [CrossRef] [PubMed]

23. Fountas, A.; Uum, S.V.; Karavitaki, N. Opioid-induced endocrinopathies. Lancet Diabetes Endocrinol. 2020, 8, 68–80. [CrossRef]
24. Cacioppo, S. Neuroimaging of Female Sexual Desire and Hypoactive Sexual Desire Disorder. Sex. Med. Rev. 2017, 5, 434–444.

[CrossRef]
25. Croft, H.A. Understanding the Role of Serotonin in Female Hypoactive Sexual Desire Disorder and Treatment Options. J. Sex.

Med. 2017, 14, 1575–1584. [CrossRef] [PubMed]
26. Sato, S.; Braham, C.S.; Putnam, S.K.; Hull, E.M. Neuronal nitric oxide synthase and gonadal steroid interaction in the MPOA of

male rats: Co-localization and testosterone-induced restoration of copulation and nNOS-immunoreactivity. Brain Res. 2005, 1043,
205–213. [CrossRef]

27. Becker, J.B. Direct effect of 17β-estradiol on striatum: Sex differences in dopamine release. Synapse 1990, 5, 157–164. [CrossRef]
28. Maseroli, E.; Santangelo, A.; Lara-Fontes, B.; Quintana, G.R.; Mac Cionnaith, C.E.; Casarrubea, M.; Ricca, V.; Maggi, M.; Vignozzi,

L.; Pfaus, J.G. The non-aromatizable androgen dihydrotestosterone (DHT) facilitates sexual behavior in ovariectomized female
rats primed with estradiol. Psychoneuroendocrinology 2020, 115, 104606. [CrossRef]

29. Kingsberg, S.A.; Rezaee, R.L. Hypoactive sexual desire in women. Menopause 2013, 20, 1284–1300. [CrossRef]
30. Bitzer, J.; Giraldi, A.; Pfaus, J. Sexual Desire and Hypoactive Sexual Desire Disorder in Women. Introduction and Overview.

Standard Operating Procedure (SOP Part 1). J. Sex. Med. 2013, 10, 36–49. [CrossRef]
31. Kingsberg, S.A.; Woodard, T. Female sexual dysfunction: Focus on low desire. Obstet. Gynecol. 2015, 125, 477–486. [CrossRef]

[PubMed]
32. Annon, J.S. The PLISSIT model: A proposed conceptual scheme for the behavioral treatment of sexual problems. J. Sex Educ. Ther.

1976, 2, 1–15. [CrossRef]
33. Pyke, R.E.; Clayton, A.H. Psychological Treatment Trials for Hypoactive Sexual Desire Disorder: A Sexual Medicine Critique and

Perspective. J. Sex. Med. 2015, 12, 2451–2458. [CrossRef]
34. Rosen, R.; Brown, C.; Heiman, J.; Leiblum, S.; Meston, C.; Shabsigh, R.; Ferguson, D.; D’Agostino, R. The female sexual function

index (Fsfi): A multidimensional self-report instrument for the assessment of female sexual function. J. Sex Marital Ther. 2000, 26,
191–208. [CrossRef]

35. Derogatis, L.; Clayton, A.; Lewis-D’agostino, D.; Wunderlich, G.; Fu, Y. Validation of the female sexual distress scale-revised for
assessing distress in women with hypoactive sexual desire disorder. J. Sex. Med. 2008, 5, 357–364. [CrossRef]

36. Alawlaqi, A.; Amor, H.; Hammadeh, M.E. Role of hormones in hypoactive sexual desire disorder and current treatment. J. Turk.
Ger. Gynecol. Assoc. 2017, 18, 210. [CrossRef] [PubMed]

37. Nappi, R.E.; Brambilla, E.; Polatti, F.; Nappi, R.E.; Albani, F.; Santamaria, V.; Tonani, S.; Martini, E.; Terreno, E.; Brambilla, E.
Menopause and sexual desire: The role of testosterone. Menopause Int. 2010, 16, 162–168. [CrossRef] [PubMed]

38. Reis, S.L.B.; Abdo, C.H.N. Benefits and risks of testosterone treatment for hypoactive sexual desire disorder in women: A critical
review of studies published in the decades preceding and succeeding the advent of phosphodiesterase type 5 inhibitors. Clinics
2014, 69, 294–303. [CrossRef]

39. Kingsberg, S.A.; Simon, J.A.; Goldstein, I. The current outlook for testosterone in the management of hypoactive sexual desire
disorder in postmenopausal women. J. Sex. Med. 2008, 5, 182–193. [CrossRef]

40. Shifren, J.L.; Braunstein, G.D.; Simon, J.A.; Casson, P.R.; Buster, J.E.; Redmond, G.P.; Burki, R.E.; Ginsburg, E.S.; Rosen, R.C.;
Leiblum, S.R.; et al. Transdermal Testosterone Treatment in Women With Impaired Sexual Function After Oophorectomy. Obstet.
Gynecol. Surv. 2001, 343, 682–688. [CrossRef]

41. Panay, N.; Al-Azzawi, F.; Bouchard, C.; Davis, S.R.; Eden, J.; Lodhi, I.; Rees, M.; Rodenberg, C.A.; Rymer, J.; Schwenkhagen,
A.; et al. Testosterone treatment of HSDD in naturally menopausal women: The ADORE study. Climacteric 2010, 13, 121–131.
[CrossRef]

42. Simon, J.; Braunstein, G.; Nachtigall, L.; Utian, W.; Katz, M.; Miller, S.; Waldbaum, A.; Bouchard, C.; Derzko, C.; Buch, A.; et al.
Testosterone patch increases sexual activity and desire in surgically menopausal women with hypoactive sexual desire disorder. J.
Clin. Endocrinol. Metab. 2005, 90, 5226–5233. [CrossRef]

43. Buster, J.E.; Kingsberg, S.A.; Buch, A.; Rodenberg, C.A.; Wekselman, K. Testosterone patch for low sexual desire in surgically
menopausal women: A randomized trial. Obstet. Gynecol. 2005, 105, 944–952. [CrossRef]

44. Reed, B.G.; Nemer, L.B.; Carr, B.R. Has testosterone passed the test in premenopausal women with low libido? A systematic
review. Int. J. Womens Health 2016, 8, 599. [CrossRef] [PubMed]

45. Tuiten, A.; van Rooij, K.; Bloemers, J.; Eisenegger, C.; van Honk, J.; Kessels, R.; Kingsberg, S.; Derogatis, L.R.; de Leede, L.;
Gerritsen, J.; et al. Efficacy and Safety of On-Demand Use of 2 Treatments Designed for Different Etiologies of Female Sexual
Interest/Arousal Disorder: 3 Randomized Clinical Trials. J. Sex. Med. 2018, 15, 201–216. [CrossRef] [PubMed]

http://doi.org/10.1016/j.jsxm.2017.03.254
http://www.ncbi.nlm.nih.gov/pubmed/28499520
http://doi.org/10.1016/j.jsxm.2016.12.237
http://doi.org/10.1016/j.jpain.2007.08.005
http://www.ncbi.nlm.nih.gov/pubmed/17936076
http://doi.org/10.1016/S2213-8587(19)30254-2
http://doi.org/10.1016/j.sxmr.2017.07.006
http://doi.org/10.1016/j.jsxm.2017.10.068
http://www.ncbi.nlm.nih.gov/pubmed/29198512
http://doi.org/10.1016/j.brainres.2005.02.074
http://doi.org/10.1002/syn.890050211
http://doi.org/10.1016/j.psyneuen.2020.104606
http://doi.org/10.1097/GME.0000000000000131
http://doi.org/10.1111/j.1743-6109.2012.02818.x
http://doi.org/10.1097/AOG.0000000000000620
http://www.ncbi.nlm.nih.gov/pubmed/25569014
http://doi.org/10.1080/01614576.1976.11074483
http://doi.org/10.1111/jsm.13056
http://doi.org/10.1080/009262300278597
http://doi.org/10.1111/j.1743-6109.2007.00672.x
http://doi.org/10.4274/jtgga.2017.0071
http://www.ncbi.nlm.nih.gov/pubmed/29278235
http://doi.org/10.1258/mi.2010.010041
http://www.ncbi.nlm.nih.gov/pubmed/21156854
http://doi.org/10.6061/clinics/2014(04)11
http://doi.org/10.1111/j.1743-6109.2008.00961.x
http://doi.org/10.1097/00006254-200102000-00021
http://doi.org/10.3109/13697131003675922
http://doi.org/10.1210/jc.2004-1747
http://doi.org/10.1097/01.AOG.0000158103.27672.0d
http://doi.org/10.2147/IJWH.S116212
http://www.ncbi.nlm.nih.gov/pubmed/27785108
http://doi.org/10.1016/j.jsxm.2017.11.226
http://www.ncbi.nlm.nih.gov/pubmed/29289554


Neurol. Int. 2022, 14 87

46. Segraves, R.T.; Kavoussi, R.; Hughes, A.R.; Batey, S.R.; Johnston, J.A.; Donahue, R.; Ascher, J.A. Evaluation of sexual func-
tioning depressed outpatients: A double-blind comparison of sustained-release bupropion and sertraline treatment. J. Clin.
Psychopharmacol. 2000, 20, 122–128. [CrossRef]

47. Dobkin, R.D.; Menza, M.; Marin, H.; Allen, L.A.; Rousso, R.; Leiblum, S.R. Bupropion Improves sexual functioning in depressed
minority women: An open-label switch study. J. Clin. Psychopharmacol. 2006, 26, 21–26. [PubMed]

48. Clayton, A.H.; Croft, H.A.; Horrigan, J.P.; Wightman, D.S.; Krishen, A.; Richard, N.E.; Modell, J.G. Bupropion extended
release compared with escitalopram: Effects on sexual functioning and antidepressant efficacy in 2 randomized, double-blind,
placebo-controlled studies. J. Clin. Psychiatry 2006, 67, 736–746. [CrossRef]

49. Clayton, A.H.; Pradko, J.F.; Croft, H.A.; Brendan Montano, C.; Leadbetter, R.A.; Bolden-Watson, C.; Bass, K.I.; Donahue, R.M.J.;
Jamerson, B.D.; Metz, A. Prevalence of sexual dysfunction among newer antidepressants. J. Clin. Psychiatry 2002, 63, 357–366.
[CrossRef] [PubMed]

50. Thase, M.E.; Clayton, A.H.; Haight, B.R.; Thompson, A.H.; Modell, J.G.; Johnston, J.A. Double-blind comparison between
bupropion XL and venlafaxine XR: Sexual functioning, antidepressant efficacy, and tolerability. J. Clin. Psychopharmacol. 2006, 26,
482–488. [CrossRef]

51. Taylor Segraves, R.; Croft, H.; Kavoussi, R.; Ascher, J.A.; Batey, S.R.; Foster, V.J.; Bolden-Watson, C.; Metz, A. Bupropion sustained
release (SR) for the treatment of hypoactive sexual desire disorder (HSDD) in nondepressed women. J. Sex Marital Ther. 2001, 27,
303–316. [CrossRef]

52. Segraves, R.T.; Clayton, A.; Croft, H.; Wolf, A.; Warnock, J. Bupropion sustained release for the treatment of hypoactive sexual
desire disorder in premenopausal women. J. Clin. Psychopharmacol. 2004, 24, 339–342. [CrossRef]

53. Joffe, H.V.; Chang, C.; Sewell, C.; Easley, O.; Nguyen, C.; Dunn, S.; Lehrfeld, K.; Lee, L.; Kim, M.-J.; Slagle, A.F.; et al. FDA
Approval of Flibanserin—Treating Hypoactive Sexual Desire Disorder. N. Engl. J. Med. 2016, 374, 101–104. [CrossRef] [PubMed]

54. Stahl, S.M.; Sommer, B.; Allers, K.A. Multifunctional Pharmacology of Flibanserin: Possible Mechanism of Therapeutic Action in
Hypoactive Sexual Desire Disorder. J. Sex. Med. 2011, 8, 15–27. [CrossRef]

55. English, C.; Muhleisen, A.; Rey, J.A. Flibanserin (Addyi). Pharm. Ther. 2017, 42, 237–241.
56. DeRogatis, L.R.; Komer, L.; Katz, M.; Moreau, M.; Kimura, T.; Garcia, M., Jr.; Wunderlich, G.; Pyke, R. Treatment of Hypoactive

Sexual Desire Disorder in Premenopausal Women: Efficacy of Flibanserin in the VIOLET Study. J. Sex. Med. 2012, 9, 1074–1085.
[CrossRef]

57. Thorp, J.; Simon, J.; Dattani, D.; Taylor, L.; Kimura, T.; Garcia, M.; Lesko, L.; Pyke, R. Treatment of hypoactive sexual desire
disorder in premenopausal women: Efficacy of flibanserin in the DAISY study. J. Sex. Med. 2012, 9, 1074–1085. [CrossRef]

58. Katz, M.; Derogatis, L.R.; Ackerman, R.; Hedges, P.; Lesko, L.; Garcia, M.; Sand, M. Efficacy of flibanserin in women with
hypoactive sexual desire disorder: Results from the BEGONIA trial. J. Sex. Med. 2013, 10, 1807–1815. [CrossRef] [PubMed]

59. Simon, J.A.; Kingsberg, S.A.; Shumel, B.; Hanes, V.; Garcia, M.; Sand, M. Efficacy and safety of flibanserin in postmenopausal
women with hypoactive sexual desire disorder: Results of the SNOWDROP trial. Menopause 2014, 21, 633–640. [CrossRef]
[PubMed]

60. Portman, D.J.; Brown, L.; Yuan, J.; Kissling, R.; Kingsberg, S.A. Flibanserin in Postmenopausal Women With Hypoactive Sexual
Desire Disorder: Results of the PLUMERIA Study. J. Sex. Med. 2017, 14, 834–842. [CrossRef]

61. Goldfischer, E.R.; Breaux, J.; Katz, M.; Kaufman, J.; Smith, W.B.; Kimura, T.; Sand, M.; Pyke, R. Continued efficacy and safety of
flibanserin in premenopausal women with Hypoactive Sexual Desire Disorder (HSDD): Results from a randomized withdrawal
trial. J. Sex. Med. 2011, 8, 3160–3172. [CrossRef]

62. Stevens, D.M.; Weems, J.M.; Brown, L.; Barbour, K.A.; Stahl, S.M. The pharmacodynamic effects of combined administration of
flibanserin and alcohol. J. Clin. Pharm. Ther. 2017, 42, 598–606. [CrossRef] [PubMed]

63. Kay, G.G.; Hochadel, T.; Sicard, E.; Natarajan, K.K.; Kim, N.N. Next-day residual effects of flibanserin on simulated driving
performance in premenopausal women. Hum. Psychopharmacol. 2017, 32, e2603. [CrossRef] [PubMed]

64. Johnson-Agbakwu, C.; Brown, L.; Yuan, J.; Kissling, R.; Greenblatt, D.J. Effects of Flibanserin on the Pharmacokinetics of a
Combined Ethinylestradiol/Levonorgestrel Oral Contraceptive in Healthy Premenopausal Women: A Randomized Crossover
Study. Clin. Ther. 2018, 40, 64–73. [CrossRef] [PubMed]

65. Dooley, E.M.; Miller, M.K.; Clayton, A.H. Flibanserin: From Bench to Bedside. Sex. Med. Rev. 2017, 5, 461–469. [CrossRef]
[PubMed]

66. Trevor, J.H.; Spana, C.; Dennis, C.E.; Annette, M.S.; Shubh, D.S. Melanocortins in the Treatment of Male and Female Sexual
Dysfunction. Curr. Top. Med. Chem. 2007, 7, 1137–1144. [CrossRef] [PubMed]

67. Dhillon, S.; Keam, S.J. Bremelanotide: First Approval. Drugs 2019, 79, 1599–1606. [CrossRef] [PubMed]
68. White, W.B.; Myers, M.G.; Jordan, R.; Lucas, J. Usefulness of ambulatory blood pressure monitoring to assess the melanocortin

receptor agonist bremelanotide. J. Hypertens. 2016, 35, 761. [CrossRef] [PubMed]
69. Mayer, D.; Lynch, S.E. Bremelanotide: New Drug Approved for Treating Hypoactive Sexual Desire Disorder. Ann. Pharmacother.

2020, 54, 684–690. [CrossRef] [PubMed]
70. Martin, W.J.; McGowan, E.; Cashen, D.E.; Gantert, L.T.; Drisko, J.E.; Hom, G.J.; Nargund, R.; Sebhat, I.; Howard, A.D.; Van der

Ploeg, L.H.T.; et al. Activation of melanocortin MC4 receptors increases erectile activity in rats ex copula. Eur. J. Pharmacol. 2002,
454, 71–79. [CrossRef]

http://doi.org/10.1097/00004714-200004000-00002
http://www.ncbi.nlm.nih.gov/pubmed/16415700
http://doi.org/10.4088/JCP.v67n0507
http://doi.org/10.4088/JCP.v63n0414
http://www.ncbi.nlm.nih.gov/pubmed/12000211
http://doi.org/10.1097/01.jcp.0000239790.83707.ab
http://doi.org/10.1080/009262301750257155
http://doi.org/10.1097/01.jcp.0000125686.20338.c1
http://doi.org/10.1056/NEJMp1513686
http://www.ncbi.nlm.nih.gov/pubmed/26649985
http://doi.org/10.1111/j.1743-6109.2010.02032.x
http://doi.org/10.1111/j.1743-6109.2011.02626.x
http://doi.org/10.1111/j.1743-6109.2011.02595.x
http://doi.org/10.1111/jsm.12189
http://www.ncbi.nlm.nih.gov/pubmed/23672269
http://doi.org/10.1097/GME.0000000000000134
http://www.ncbi.nlm.nih.gov/pubmed/24281236
http://doi.org/10.1016/j.jsxm.2017.03.258
http://doi.org/10.1111/j.1743-6109.2011.02458.x
http://doi.org/10.1111/jcpt.12563
http://www.ncbi.nlm.nih.gov/pubmed/28608926
http://doi.org/10.1002/hup.2603
http://www.ncbi.nlm.nih.gov/pubmed/28568608
http://doi.org/10.1016/j.clinthera.2017.08.021
http://www.ncbi.nlm.nih.gov/pubmed/29198449
http://doi.org/10.1016/j.sxmr.2017.06.003
http://www.ncbi.nlm.nih.gov/pubmed/28757356
http://doi.org/10.2174/156802607780906681
http://www.ncbi.nlm.nih.gov/pubmed/17584134
http://doi.org/10.1007/s40265-019-01187-w
http://www.ncbi.nlm.nih.gov/pubmed/31429064
http://doi.org/10.1097/HJH.0000000000001221
http://www.ncbi.nlm.nih.gov/pubmed/27977473
http://doi.org/10.1177/1060028019899152
http://www.ncbi.nlm.nih.gov/pubmed/31893927
http://doi.org/10.1016/S0014-2999(02)02479-2


Neurol. Int. 2022, 14 88

71. Sabatier, N.; Caquineau, C.; Douglas, A.J.; Leng, G. Oxytocin released from magnocellular dendrites: A potential modulator of
alpha-melanocyte-stimulating hormone behavioral actions? Ann. N. Y. Acad. Sci. 2003, 994, 218–224. [CrossRef] [PubMed]

72. Clayton, A.H.; Lucas, J.; Jordan, R.; Spana, C.; Pfaus, J. The Neurobiology and Efficacy of Bremelanotide in HSDD. J. Sex. Med.
2017, 14, E95. [CrossRef]

73. Pfaus, J.G.; Kippin, T.E.; Coria-Avila, G. What can animal models tell us about human sexual response? Annu. Rev. Sex Res. 2003,
14, 1–63. [PubMed]

74. Bremelanotide. Available online: https://go.drugbank.com/drugs/DB11653 (accessed on 19 December 2021).
75. FDA Drug Insert. Available online: https://www.accessdata.fda.gov/drugsatfda_docs/label/2019/210557s000lbl.pdf (accessed

on 23 January 2021).
76. Diamond, L.E.; Earle, D.C.; Heiman, J.R.; Rosen, R.C.; Perelman, M.A.; Harning, R. An effect on the subjective sexual response in

premenopausal women with sexual arousal disorder by Bremelanotide (PT-141), a melanocortin receptor agonist. J. Sex. Med.
2006, 3, 628–638. [CrossRef] [PubMed]

77. Clayton, A.H.; Lucas, J.; DeRogatis, L.R.; Jordan, R. Phase I Randomized Placebo-controlled, Double-blind Study of the Safety
and Tolerability of Bremelanotide Coadministered With Ethanol in Healthy Male and Female Participants. Clin. Ther. 2017, 39,
514–526. [CrossRef] [PubMed]

78. Clayton, A.H.; Althof, S.E.; Kingsberg, S.; Derogatis, L.R.; Kroll, R.; Goldstein, I.; Kaminetsky, J.; Spana, C.; Lucas, J.; Jordan, R.;
et al. Bremelanotide for female sexual dysfunctions in premenopausal women: A randomized, placebo-controlled dose-finding
trial. Womens Health 2016, 12, 325–337. [CrossRef] [PubMed]

79. Althof, S.; Derogatis, L.R.; Greenberg, S.; Clayton, A.H.; Jordan, R.; Lucas, J.; Spana, C. Responder Analyses from a Phase 2b
Dose-Ranging Study of Bremelanotide. J. Sex. Med. 2019, 16, 1226–1235. [CrossRef]

80. Azimi Nekoo, E.; Burri, A.; Ashrafti, F.; Fridlund, B.; Koenig, H.G.; Derogatis, L.R.; Pakpour, A.H. Psychometric properties of the
iranian version of the female sexual distress scale-revised in women. J. Sex. Med. 2014, 11, 995–1004. [CrossRef] [PubMed]

81. Kingsberg, S.A.; Clayton, A.H.; Portman, D.; Williams, L.A.; Krop, J.; Jordan, R.; Lucas, J.; Simon, J.A. Bremelanotide for the
Treatment of Hypoactive Sexual Desire Disorder: Two Randomized Phase 3 Trials. Obstet. Gynecol. 2019, 134, 899–908. [CrossRef]
[PubMed]

http://doi.org/10.1111/j.1749-6632.2003.tb03183.x
http://www.ncbi.nlm.nih.gov/pubmed/12851319
http://doi.org/10.1016/j.jsxm.2016.12.210
http://www.ncbi.nlm.nih.gov/pubmed/15287157
https://go.drugbank.com/drugs/DB11653
https://www.accessdata.fda.gov/drugsatfda_docs/label/2019/210557s000lbl.pdf
http://doi.org/10.1111/j.1743-6109.2006.00268.x
http://www.ncbi.nlm.nih.gov/pubmed/16839319
http://doi.org/10.1016/j.clinthera.2017.01.018
http://www.ncbi.nlm.nih.gov/pubmed/28189361
http://doi.org/10.2217/whe-2016-0018
http://www.ncbi.nlm.nih.gov/pubmed/27181790
http://doi.org/10.1016/j.jsxm.2019.05.012
http://doi.org/10.1111/jsm.12449
http://www.ncbi.nlm.nih.gov/pubmed/24641598
http://doi.org/10.1097/AOG.0000000000003500
http://www.ncbi.nlm.nih.gov/pubmed/31599840

	Bremelanotide for Treatment of Female Hypoactive Sexual Desire
	Recommended Citation
	Authors

	Introduction 
	Hypoactive Sexual Desire 
	Risk Factors 
	Pathophysiology 

	Current Treatment 
	Office-Based Counseling 
	Psychological 
	Pharmacological 
	Off-Label Treatments 
	Approved Agents 

	Bremelanotide 
	Mechanism of Action 
	Pharmacodynamics of Bremelanotide 
	Pharmacokinetics of Bremelanotide 

	Clinical Studies: Safety and Efficacy 
	Early Studies 
	Phase I 
	Phase 2b 
	RECONNECT 

	Conclusions 
	References

