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ABSTRACT

Background: Orgasm is a complex psychophysiological component of the human sexual response that involves differ-

ent organ systems and central nervous system regulatory processes.

As part of the human sexual response, it is strongly linked to sexual desire and arousal.

With regard to hormonal and non-hormonal pharmacological approaches, most studies reporting treatment effects on

orgasmic dysfunction are in women with concomitant desire and arousal disorders. On the basis of their action, these

approaches can be divided into the following types.

e Enhancement of the afferent part of the spinal orgasmic reflex by improving the intensity of the sexual stimulus and/or
increasing the receptivity to the stimulus (this demands structural integrity of vulva and vagina, blood flow to the vulva
and the vagina)

These effects are provided by local estrogens, testosterone, Dihydroepiandrosterone (DHEA), non-hormonal lubricants,

medicaldevices.

e Enhancement of the efferent pathway by noradrenergic/cholinergic activation and/or enzymatic action on the guanosine

monophosphate (GMP) system.

Drugs acting at this level are mainly PDE-5 inhibitors, vasodilators, specific prostaglandins
e Medical interventions (drugs) targeting brain centers which either increase central excitation or decrease nervous inhi-

bition

Systemic estrogen/androgens act via central nervous receptors directly and indirectly through activation of neurotrans-
mitters; centrally-acting drugs include bupropion, buspirone, flibanserin and melanocortin

These approaches can also be used in women without desire and arousal disorder.

In addition to these approaches, for women experiencing sufficient arousal but reporting inhibition at the plateau level,
medical devices like Eros and Fiera have shown pro-orgasmic effects.
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Introduction

Orgasm can be understood as a complex summation reflex
that is regulated by both the somatic and autonomic nervous
systems linked to central nervous processing regions.

On the basis of this concept two major approaches in re-
search and clinical practice can be distinguished, which serve
as the basis for diagnosis and therapy. One sees orgasm as a
biological process involving different organ systems and net-
works, while the other sees it as a subjective experience.

a) Orgasm as a biological process involving different organ
systems and networks !

Afferent pathways

The pudendal nerve relays sensory stimuli from the external
genitals, the perineum, clitoris and urethra, and the pelvic floor
musculature. The pelvic and hypogastric nerves mediate sen-
sory information from the internal pelvic organs. Light touch,
noxious and/or chemical stimuli of the vulva, vagina, cervix,
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and uterus are primarily mediated via the pelvic nerve. Another
afferent pathway in animal research is the vagus nerve which
conveys sensory information from female pelvic organs to nu-
clei in the brainstem.

It is important to note that these main afferents are sensitive
to the levels of steroid hormones.

Spinal centers

The pudendal nerve afferents enter the spinal cord through the
superficial dorsal horn of segments L6-S1 (in humans S2-S4)
and travel through the medial dorsal horn to the dorsal gray
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commissure which is located in the medial cord. The hypo-
gastric nerve afferents terminate in the medial dorsal horn and
medial gray of spinal segments T13-L3. The spinothalamic and
spinoreticular pathways relay sensory information to the brain.
Descending pathways travel through the same structures.

Efferents mediating genital responses
The efferent fibers of the pudendal nerve provide innervation

of the pelvic floor and anal and urethral sphincters. The puden-
dal motor neurons are located in the ventral horn of the lumbar
spinal cord in Onuf’s nucleus. The pelvic nerve is composed of
parasympathetic preganglionic neurons (the sacral parasympa-
thetic nucleus), located primarily in the lumbosacral spinal cord.

The hypogastric nerve is composed of sympathetic pregan-
glionic neurons in the upper lumbar spinal cord. The pregangli-
onic neurons arise from the medial and intermediolateral cell
columns.

Supraspinal control

¢ Inhibition
The nucleus paragigantocellularis (NPGC) exerts inhibition of
spinal sexual reflexes in males and females. The NPGC pro-
jects directly to pelvic efferent neurons. Serotonin is the main
neurotransmitter in this system with an inhibitory action.

* Stimulation
The medial preoptic area (MPOA) plays an important role
especially in males but also in females. Stimulation of this
nucleus and injection of galanin into the MPOA facilitates
some female sexual behaviors in animal research. There is
no direct connection between the MPOA and the lumbosacral
centers, but the MPOA sends information through a relay to
hypothalamic and brainstem nuclei.

The endocrine environment

Sex steroids, interacting with receptors in the brain, provide
the endocrine milieu. Estrogens (mainly estradiol) have cen-
tral nervous system effects which seem to increase receptivity
to sexual stimuli and facilitate permissive behavior in animal
research. Peripheral effects of estrogens are important in main-
taining vulvovaginal structural integrity and facilitating blood
flow to the vagina. Testosterone has a central excitatory and
activating effect on the limbic system, including brain centers
linked to sexual motivation. In animal research this is related
to proactive search for sexual clues. The role of progesterone
is still not completely elucidated, but it seems to be directed
mainly towards reproductive function. Circulating levels of
prolactin, vasopressin, oxytocin, adrenalin and vasointestinal
polypeptide have been reported to increase with orgasm. Prol-
actin increases with orgasm are maintained for approximately
60 minutes after orgasm.

Central modulatory input
Several nuclei in the brainstem including the NPGC , the raphe

nuclei pallidus and the locus ceruleus project to pelvic efferent
neurons and interneurons in the lumbosacral spinal cord, most
likely to modulate lumbosacral spinal cord reflexes.

The periaquaductal gray matter of the midbrain is heavily
interconnected with the brainstem and hypothalamic sites re-
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lated to sexual behavior, seemingly serving as a relay center.
Within the hypothalamus, the medial preoptic area, nucleus
paraventricularis and the ventromedial nucleus are believed
to have major roles in female sexual function. During orgasm,
activation of the mesodiencephalic transition zone can be ob-
served. Serotonin, dopamine, epinephrine, opioids are neuro-
transmitters and neuropeptides that modulate female sexual
function. In the context of dual control of human sexual behav-
ior, these molecules act either as excitatory signals (epineph-
rine, dopamine) or as inhibitory signals (serotonin, opoids)

b) Orgasm as a subjective experience

According to Mah and Binik, ' the subjective experience of

orgasm can be broken down into three elements: sensory, eval-

uative and affective.

* Sensory components are the build-up of tension, release of
tension, spreading sensations, whole body involvement, ejac-
ulatory sensations, rhythmic sensations, thermal sensations,
miscellaneous.

* Evaluative components are the feeling of inevitability, tempo-
ral evaluation, intensity, physical effects, depth, global pleas-
ure, sensual pleasure, satisfaction and excitement.

* Affective items are emotional intimacy, joy-peacefulness,
joy-elation, emotional excitation, emotional fusion, unreality,
lack of awareness of surroundings, suspension, miscellaneous.

Orgasmic disorders

Female orgasmic disorders (FOD) are absence of orgasm, dif-
ficulty experiencing orgasm, or decreased intensity of orgasm
during all or most episodes of sexual activity. [/ The symptoms
can be lifelong or acquired. Difficulty reaching orgasm might
be isolated to specific sexual activities, situations or partners.
The symptoms must be distressing to the individual.

A few subtle but important differences distinguish the di-
agnostic criteria for FOD as reported in the DSM-IV-TR and
DSM-5. A significant change in the DSM-5 was the removal of
the criterion requiring that difficulty with orgasm occur despite
“a normal excitement phase.” !

The diagnosis is thus based mainly on the subjective experi-
ence. The objective criteria are summarized by Meston ez al.

Medical treatment of orgasmic disorders

With regard to the medical treatment of orgasmic disorders,
clinical situations can be divided into two types:
* medical treatment of orgasmic disorder in the context of de-
sire/arousal disorders
* medical treatment of orgasmic disorder in women without de-
sire/arousal disorders
In clinical practice the hormonal and non-hormonal phar-
macological treatment of orgasmic disorders is based on
studies that fail to differentiate clearly between these groups.
Therefore treatment strategies and options overlap.
Medical treatment of orgasmic disorders in the context of
desire/arousal disorders.
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Most of the drugs summarized below are studied in the con-
text of desire and arousal disorders. In this setting, orgasmic
function is measured as a secondary outcome looking for an
increase in orgasmic capacity (frequency, intensity).

The following approaches can be distinguished:

Enhancement of the afferent part of the spinal orgasmic
reflex by improving the intensity of the sexual stimulus and/or
increasing the receptivity to the stimulus (structural integrity
of vulva and vagina, blood flow to the vulva and the vagina).
¢ Local estrogen therapy
Local estrogen therapy (LET) increases blood flow in the mi-
crocirculation of the vagina, leading to vasocongestion (ex-
perimental studies) ® LET improves vulvovaginal integrity
in menopausal women with vulvovaginal atrophy syndrome
(VVA) and VVA-related sexual arousal and pain symptoms
(RCTs, guidelines) -1 The extent to which pain symptoms
contribute to orgasmic dysfunction may not be easy to discern.
Local estrogen and testosterone
A clinical trial " showed improvement in all domains of the
Female Sexual Function Index (FSFI) in women receiving
local estrogen or testosterone compared to placebo lubricant.
Dihydroepiandrosterone DHEA
Randomized controlled trials (by one group) !> showed im-
provement of the integrity of the mucosa and the connective
tissue and showed a positive effect on arousal. In a review
Davis et al. " found no clear evidence suggesting a prosexu-
al effect in postmenopausal women.

Enhancement of the efferent pathway by noradrenergic/cho-
linergic activation and or enzymatic action on the guanosine
monophosphate (GMP) system.

Phentolamine

Phentolamine is an al and a2 adrenergic agonist tested in a
small pilot study with a low level of evidence. "' The partici-
pants were postmenopausal women with a lack of lubrication
and with sexual arousal difficulties of at least 6 months’ du-
ration. All subjects received a single dose of oral phentola-
mine (40 mg) and placebo in a single-blind, dose-escalation
design. Dependent variables for the study included vaginal
pulse amplitude, measured by means of vaginal photople-
thysmography, self-report measures of sexual response, and
patient- and physician-based assessments of adverse events.
The results indicated a mild, positive effect of phentola-
mine across all measures of arousal, with significant changes
(p < .05) in self-reported lubrication and pleasurable sensa-
tions in the vagina.

Cholinergic drugs

Betanechol is a cholinergic agonist. It was investigated in
male patients with depression treated with an SSRI (clomi-
pramine) and suffering from ejaculatory delay. ' 12 fully re-
mitted panic disorder patients, complaining of severe clomi-
pramine-induced ejaculatory delay, were randomly assigned
to either bethanecol chloride tablets (20 mg, as needed) or
placebo according to a randomized, double-blind, place-
bo-controlled, two-period crossover design. A visual analog
scale was used to assess severity of the orgasmic dysfunction.
A clear improvement was observed in the active treatment
period. No placebo or carry-over effects were observed. To
date, there are no published studies in females.

12

* PDE-5 inhibitors

These drugs increase vaginal blood flow via the GMP sys-
tem (see above). One RCT, a randomized cross over study
with sildenafil, showed improvement in arousal and orgasmic
function. " The authors of a larger study reviewed a total
of 16 studies. Studies using self-reported measures of sexual
functioning showed mixed results whereas ones examining
physiological effects of Phosphodiesterase-5 inhibitors PDE-
5 on genital vasocongestion consistently reported significant
effects on genital sexual response. %

Topical alprostadil

This drug acts on vasodilation and vasocongestion in the va-
gina. A review found that in-clinic application of alprostadil
increased genital vasocongestion, vaginal erythema, transu-
dates, and some patient-assessed indices of sexual arousal;
however, these effects were not consistently superior to pla-
cebo. Three out of 4 trials investigating at-home use of top-
ical alprostadil demonstrated improvements in achievement
of satisfactory levels of sexual arousal and successful sexual
encounters in patients with female sexual arousal disorder
(FSAD). 0

Medical interventions (drugs) targeting brain centers that ei-

ther increase central excitation or decrease central inhibition

* Systemic estrogen and testosterone therapy
Systemic estrogen, systemic testosterone, and combined es-
trogen and testosterone therapy decrease arousal dysfunction,
increase desire and improve orgasmic function in premeno-
pausal and postmenopausal women and in women after uni-
lateral or bilateral oophorectomy. These effects are due, on
the one hand, to the permissive and receptive central nervous
system effects and the positive effects on vulvovaginal struc-
ture and function of estrogens, and on the other to the activat-
ing and excitatory effect of testosterone on the limbic system
of the brain (RCTs, level of evidence 1). 12134

* Tibolone
Combined estrogenic, progestogenic and androgenic action
(RCTs, level of evidence 1), B> increasing desire, arousal
and orgasm.

* Bupropion
Buproprion acts via dopamine and norepinephrine reuptake
inhibition and does not have a direct serotoninergic effect
(RCTs, mild to moderate effect). 1341

* Flibanserin
5-hydroxytryptamine (5-HT)1A agonist and 5-HT2A antago-
nist, binding also with moderate affinity to 5-HT2B, 5-HT2C
and dopamine D4 receptors. RCTS and reviews show signif-
icant effect. 1451

* Buspirone
5-HT1 agonist possibly producing some oxytocin activation.
Some evidence of prosexual effects in patients treated with
SSRIs for depression. [52]

* Vilazodone
Partial HT1A agonist. (see above)

* Melanocortin agonists 5
Bremelanotide is a melanocortin-3 and 4 agonist with an ac-
tivating effect on arousal pathways (basic science studies,
dose-finding studies, RCTs). Preliminary studies are ongoing;
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these show prosexual effects in men and women (Phase II
studies) [5+ 38!

e Apomorphine
Apomorphine is a non-selective dopaminergic receptor ago-
nist (1 RCT showing prosexual effects) **. However, the oc-
currence of significant nausea and vomiting have prevented
its further development.

Drugs with unspecific effects

e Lady Prelox
20 mg Pycnogenol® pine bark extract, 200 mg L-arginine,
200 mg L-citrulline and 50 mg Rosvita® rose hip extrac (2
observational studies showing small group prosexual effects,
low level of evidence). (6061
Lady Prelox is a dietary supplement which was given to 100
women in a healthy lifestyle intervention where sexual func-
tion was evaluated using the FSFI in part of the sample (30
women). This is an uncontrolled observation with very low
level of evidence.

* Gingko biloba
Gingko biloba may have an effect on blood flow (central, pe-
ripheral). An RCT failed to show a significant effect if when
was applied alone but supportive effect in the context of
counseling. 1%

* ArginMax
This is a blend of Ginseng, Ginkgo biloba, damiana leaf and
vitamins. (1 RCT showed it to be superior to placebo, but the
difference was not statistically significant). 1%

Short-acting drugs for “on demand” treatment

* Oxytocin
Oxytocin (OXT) may work synergistically with sex hormones
to facilitate muscle contractions during orgasm. Oxytocin is
secreted by the paraventricular nucleus of the hypothalamus
into the bloodstream during arousal and orgasm, and it is thus
considered a facilitator of arousal and orgasm. 64

A study involving 29 healthy heterosexual couples (n=58
participants), studied in a naturalistic setting, explored the ef-
fects of intranasally administered OXT (24 IU) on sexual drive,
arousal, orgasm and refractory aspects of sexual behavior to-
gether with partner interactions. Data were assessed using psy-
chometric instruments (Acute Sexual Experiences Scale, Ari-
zona Sexual Experience Scale) as well as biomarkers, such as
cortisol, a-amylase and heart rate.

Intranasal OXT administration did not alter “classical” pa-
rameters of sexual function, such as sexual drive, arousal or
penile erection and lubrication. However, analysis of variance
and a hierarchical linear model (HLM) revealed specific effects
related to the orgasmic/post-orgasmic interval as well as pa-
rameters of partner interactions. According to HLM analysis,
OXT increased the intensity of orgasm, contentment after sex-
ual intercourse and the effect of study participation. According
to ANOVA analysis, these effects were more pronounced in
men. Men additionally indicated higher levels of sexual satiety
after sexual intercourse with OXT administration. Women felt
more relaxed and subgroups indicated better abilities to share
sexual desires or to empathize with their partners. The effect
sizes were small to moderate. ) Thus, OXT can be considered
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a facilitator of arousal and orgasm. %% The compound’s insta-
bility at room and body temperature severely limits its utility
under real-world conditions.

Combination of short-acting drugs on demand
This therapeutic concept is based on the different prosexual
actions of testosterone (central effect), sildenafil (peripheral
effect) and buspirone (dopaminergic and specific SHT recep-
tor action). Treatment combinations have been tested based
on the dual control model, looking into differential effects of
drug combinations in women with low and high inhibition. 1%
1 The combination of testosterone sublingually (0.5mg) with
buspirone (10mg) showed a prosexual effect in women most
probably by reducing inhibition. ! The combination of testos-
terone sublingually (0.5mg) with the PDES5-inhibitor sildenafil
50mg) also showed prosexual effects significantly over place-
bo, most probably mediated by activation of the peripheral re-
sponse (excitatory effect). (¢

Medical treatment of orgasmic disorder
in women with subjectively sufficient
arousal

These treatments are based on studies performed in women
with the main complaint of not being able to experience/attain
an orgasm despite the fact that they feel desire and subjective
excitement and arousal. There are very few studies that include
women with an isolated orgasmic difficulty.

The underlying pathophysiology can be described as an in-
terruption of or decline in the process of growing intensity of
arousal towards the development of the orgasmic response be-
yond what has been described as plateau phase. Physiological
treatments targets therefore consist of:

* Intensification of the arousal stimulus (strength, frequen-
cy, additional stimuli) through lubricants and moisturizers
and specific sexual response-enhancing topical products.
Zestra, for example, is an over-the-counter massage oil of
a blend of borage seed oil, angelica extract, evening prim-
rose oil, coleus extract and vitamins C and E, and it was
designed to increase blood flow to the clitoris, labia and
vaginal opening. Borage oil and evening primrose oil both
contain high amounts of gamma-linolinic acid, which is
metabolized to prostaglandin E1, angelica root contains
osthole, which increases cGMP and cAMP, and the com-
ponents of coleus extract are adenylate cyclase stimulants.
In a small, randomized, double-blind placebo controlled,
two-way crossover study " of 10 women with FSAD and
10 women without FSAD, this topical application was asso-
ciated with increases in levels of arousal, desire, ability to
have orgasm, and sexual pleasure and satisfaction, in both the
normal and the FSAD-affected women when compared with
placebo. Women with FSAD showed a greater response than
women without the condition, and women using SSRIs had
the same improvement as women not using antidepressants
PDES5-inhibitors and prostaglandins. (as decribed above). The
drug most used in studies is siledenafil and alprostadil (see
above)
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* Medical devices

Medical devices may work through vibratory stimulation or
by causing clitoral vascular engorgement using a vacuum
system. While a number of vibratory stimulating devices
are available, only one U.S. Food and Drug Administration
(FDA) cleared-to-market device is available by prescription
to treat FSD: the Eros® Therapy device (UroMetrics, Inc.,
St. Paul, Minn., USA). Eros® is a small, battery-powered ap-
pliance used to gently apply direct vacuum over the clitoris
causing the clitoral erectile chambers and labia to fill with
blood. The vibration from the suction pump may also aid in
stimulation.

Fiera™

Fiera Arouser for Her™ , abbreviated as simply-- Fiera™
(Nuelle, Inc.) is the first wearable “intimacy enhancer”. The
device consists of a small, rechargeable, battery operated, vi-
brating device which “adheres” to a woman’s clitoris by gen-
tle suction (i.e. it is hands free). It is worn in preparation for
sexual activity. The device is meant to decrease the time to
orgasm by providing added stimulation time before foreplay.

Conclusions

Hormonal and non-hormonal pharmacologic strategies for
managing orgasmic disorders in women are based on an under-
standing of the psychophysiology of the orgasmic phase of the
human sexual response.

These strategies include enhancement of the afferent stim-
ulatory signals of the orgasmic reflex through facilitation of
the tissue and neurovascular response (local hormonal and
non-hormonal treatments, medical devices), enhancement of
the efferent action of neurovascular and neuromuscular acti-
vation (vasodilatation), modulation of the central processing
response by increasing excitatory neurotransmission and de-
creasing inhibitory signals by means of centrally acting drugs
(e.g. systemic estrogen and testosterone therapy and drugs in-
teracting with serotonin, dopamine, noradrenaline, melanocor-
tin, oxytocin and neurosteroid pathways).

There is good evidence that effective medical treatment of
desire/arousal disorder increases the chances of orgasmic re-
sponse in the individual woman.

With regard to the medical treatment of isolated orgasmic
dysfunction more research and clinical trials are needed.
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