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11. Introduction

The Diagnostic and Statistical Manual (DSM-V) defines sexual dysfunctions as “a 
heterogeneous group of disorders that are typically characterized by a clinically 
significant disturbance in a person’s ability to respond sexually or to experience sexual 
pleasure” (American Psychiatric Association, 2014). These dysfunctions come in a very 
wide range that include ejaculation disorders (delayed or premature), erectile disorder, 
female orgasmic disorder, female sexual interest/arousal disorder, genito-pelvic pain/
penetration disorder, male hypoactive sexual desire disorder, substance/medication-
induced sexual dysfunction, other specified sexual dysfunction, and unspecified sexual 
dysfunctions (American Psychiatric Association, 2014).

Idiopathic male ejaculation disorders (delayed or premature), affect 20-30% of the 
male population in the world (Table 1; Laumann et al., 2005; Laumann, Paik, & 
Rosen, 1999). These numbers are based on questionnaires asking about the presence 
of sexual problems for a period of 2 months or more during the last months. Even 
though these conditions are not life threatening, they can generate emotional 
stress situations that significantly affect overall health condition and interpersonal 
relationships of inflicted men and their partners. In addition, in the long-term, 
ejaculation disorders can predispose men to the development of erectile dysfunction, 
infertility, anejaculation, hypoactive sexual desire, sexual asthenia, sexual aversion 
and / or anorgasmia ( Jannini et al., 2002). Hence, it is unfortunate that the medical 
community still struggles finding the causes of these disorders. This situation occurs 
since most of inflicted men, have no obvious anatomical and physiological alterations. 
Among the ejaculation disorders, the most prevalent is the premature ejaculation (PE; 
Jannini & Lenzi, 2005a; Jannini & Lenzi, 2005b). Although its clinical definition is still 
ambiguous because of the lack of clear criteria ( Jannini & Lenzi, 2005b), generally PE 
is diagnosed when a man has an ejaculation latency of less than two minutes after the 
beginning of the sexual intercourse, preceded by a small number of intrusions (<12, 
pelvic movements), which generally leads to sexual dissatisfaction of the partner and 
may have a very negative impact on the couple. As is the case for other ejaculation 
disorders, the etiology of PE is motive of controversy (Althof et al., 2010; Jannini et 
al., 2002; Rowland et al., 2010). Nevertheless, it is thought that PE occurs as a result of 
various psychosocial situations that emotionally conditions a man in such a way that 
his anxiety level is elevated before and / or during the sexual encounter (Althof et al., 
2010; Jannini et al., 2002; McMahon et al., 2004; Rowland et al., 2010). That is the reason 
that most commonly used treatments for PE focus on the reduction of anxiety by 
the administration of anxiolytics and antidepressants (selective serotonin reuptake 
inhibitors, SSRIs), supported by the practice of relaxation techniques and attending 
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sexual education courses (Althof, 2012; 2006; Jannini et al., 2002; Rowland et al., 2010). 
The inhibition of sexual behaviour by SSRIs is mainly caused by the increase of 
serotonin in the synaptic cleft due to inhibition of the serotonin transporter (SERT). A 
general increase of serotonin leads probably via specific receptor activation in multiple 
areas of the brain to a decrease of sexual function, although limited information is 
present which serotonin receptors are mediating sexual behaviour (de Jong et al., 
2006; Hull & Dominguez, 2007; Snoeren et al., 2014). Some of the commonly used SSRIs 
nowadays to treat PE are paroxetine, fluoxetine, sertraline and clomipramine among 
others; yet the side effects (stated in Table 2) after chronic administration can lead 
to non-compliance of the treatment and relapse. Thus, all actions and treatments 
described above improve the sexual performance to a certain level in men with PE. 
Discontinuation of PE medication causes relapse in a large number of men(Althof et 
al., 2010; Jannini et al., 2002; Jannini & Lenzi, 2005; Rowland et al., 2010; Symonds et 
al., 2003), or lead to non-compliance when the side effects (Table 2) of chronic SSRI 
administration adversely affect ejaculatory and sexual function (Corona et al, 2012; 
Jannini & Lenzi, 2005; Waldinger, 2007). The lack of a fully efficient treatment for 
PE, suggests that the psychosocial and neurobiological etiological models available 
are not sufficient to fully understand this condition; but on the other hand, the fact 
that men with sexual dysfunctions can show some improvement by the use of drugs, 
suggests that disorders like PE have important biologic components. 

Table 1. Prevalence of ejaculation disorders in men (Laumann et al., 2005, 1999; men can suffer from 
more than one disorder).

Region Lack of 
sexual 

interest

Inability 
to reach 
orgasm

Orgasm 
too 

quick

Pain 
during 

sex

Sex 
not 

pleasurable

Erectile 
difficulties

North America 17.6% 14.5% 27.4% 3.6% 12.1% 20.6%

Center and South America 12.6% 13.6% 28.3% 4.7% 9% 13.7%

All America 15.1% 14.5% 27.85% 4.15% 10.5% 17.15%
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Table 2. Drug and psychomotor therapies most often used to ensure the clinical management of male 
premature ejaculation ( Jannini et al., 2002).

Drug Dosage #patients Experimental design Efficacy Side-effects

Fluoxetine 20-40 mg 17 Double blind vs 
placebo

+++ Nausea
Headache
Insomnia

Fluoxetine
Sertraline
Clomipramine

40 mg
100 mg
50 mg

36 Double blind 
crossover vs placebo

+
++

+++

Drowsiness
Drowsiness
Dry mouth

Sertraline 50-100 mg 24 Open dose-response +++ Drowsiness

Sertraline 25 mg
50 mg
100 mg

46 Open +
++

+++

Anejaculation
Dizziness

Drowsiness
Impotence
Dyspepsia

Sertraline 50 mg 37 Blind vs placebo ++ Drowsiness
Dyspepsia

Paroxetine 20 – 40 mg 8-34 Double blind, 
randomized vs 

placebo

+++ Fatigue
Yawning

Paroxetine 20 mg 94 Open: daily 
treatment vs “on 

demand”

+++ Anejaculation
Reduced libido

Clomipramine 10-40 mg 16 Double blind vs 
placebo

- Reduced libido

Clomipramine 25-50 mg 15 Double blind vs 
placebo

+++ Dry Mouth
“Feeling different”

Constipation

Clomipramine 25 mg 23 Double blind vs 
placebo “on demand”

+++ -

Clomipramine 25 mg 14 Double blind vs 
placebo

+++ Dry mouth
Fatigue

Dizziness

Clomipramine
Sertraline
Paroxetine
Sildenafil
Pause- squeeze 

25 -50 mg
50 mg
20 mg
50 mg

-

31 Double blind 
randomized 

crossover

++
+

++
+++

+

Dry mouth
Reduced libido

Paroxetine
Sertraline
Nefazodone

20 mg
50 mg

400 mg

48 Double blind vs 
placebo

+++
+
-

-
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Table 2. Continued.

Drug Dosage #patients Experimental design Efficacy Side-effects

Clomipramine 25mg as 
needed.

10mg/day
20mg/day
30mg/day

4 Prospective -
+

++
+++

Reduced libido

Therapy Technique

Kegel exercises 1. Contract the pubococcygeus muscles for 5 s drop for 5 s. Repeat 5 times.
2. Contract the pubococcygeus muscles 5 times as fast as possible.
3. At the same meeting, repeat steps 1 and 2 (total: 30 contractions).
4. Perform 5 sessions per day (total: 150 contractions).

Behavioral 1. Stop / Start / interrupted masturbation.
2. Masturbate before sex.
3. Squeeze technique to control ejaculation.
4. Focus on the sensations.
5.Distrction/focus technique.
6. Use of creams, lotions and local anesthetics.
7. Use of thicker condoms.

Couple 1.Couples therapy.
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12. The rat as a model to study sexual dysfunctions

In every basic research project that attempts to translate scientific knowledge of the human 
condition, the choice of animal models becomes critical. In this regard, there is probably no 
better model than the Rattus Norvegicus Albinus species to study the impact of the context in 
which the encounter occurs in relation to the morpho-functional copulatory mechanisms that 
determine the copulatory behavior (Heijkoop et al., 2018). Most of the current understanding 
about sexual function and ejaculatory function is the result of studies in these animal species. 
Based on the “ejaculation distribution theory” (Waldinger et al., 1998), which states that the 
ejaculation latency time in men is represented in a biological continuum (distribution curve, 
meaning that there is a biological variability of the intravaginal ejaculation time), previous 
research groups dedicated a big effort and time to develop an animal model that could serve 
to study premature and delayed ejaculation (Waldinger & Olivier, 2005). Not only is this 
animal species the best understood regarding its sexual and reproductive physiology, but 
male rats also show variability in their sexual performance once it becomes stable (after 4 to 
6 training sessions), notably in different copulatory phenotypes including variants based on 
the number of ejaculations achieved during a 30 min test that classifies them in rapid, normal 
and sluggish ejaculating rats, with rapid and sluggish representing (each) approximately 10-
20% at both ends of an inverted U-shaped distribution (Figure 1; Olivier et al., 2006; Pattij et 
al., 2005; Waldinger & Olivier, 2005). 

Figure 1. Distribution of more than 1900 male rats tested over a 5 years period in sexual tests of 30 min 
(once a week for only 4 weeks). The graph shows the number of animals that displayed from 0 to 5 
ejaculations on the last test. Animals with 0 or 1 ejaculations/test were depicted as “slow” or “sluggish”; 
animals with 2 to 3 ejaculations/test as “normal” and animals with 3 or more ejaculations/test as “fast” 
or “rapid”,[Graph from Olivier et al., 2010a, with permission from Springer Nature]

In natural environments, rats are gregarious animals and during the receptivity phase 
of the estrous cycle, female rats mate with several males promoting sexual and sperm 
competition (Donald A. Dewsbury & Hartung, 1980; McClintock & Anisko, 1982); conditions 
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that can be replicated in captivity (Donald A. Dewsbury & Hartung, 1980; Pound & Gage, 
2004). Sexual behavior in the male rat has three phases: 1) the precopulatory phase, 
2) the copulatory phase and 3) the executive phase (Heijkoop et al., 2018; K. Larsson, 
1956). The precopulatory phase consists of identification, courtship and partner contact 
of the male and receptive female; the male rat generally starts a sexual encounter by 
sniffing the female’s facial and anogenital region, which exposes them to chemosensory 
stimuli that provide information on their receptivity (Lucio et al., 2012). In the copulatory 
phase, the female engages the male’s attention with proceptive behaviors such as ear 
wiggling, hop-darting (little jumps and runaway movements), and solicitation (Anders 
Ågmo, 2014). The male then tries to mount the female; a mount is observed when the 
male clamps the female from the back thrusting his pelvis in an attempt to locate the 
vagina with his penis (figure 2). If he is successful, then the trusting is accompanied by 
a deeper thrust, this action is known as an intromission (figure 2). The characteristic 
movement of an intromission can be distinguished from a mount by a deep thrust and 
rapid dissembling from the female. When the male dismounts the female, he displays 
a short jump backwards, sometimes between mounts and intromissions the male self-
grooms his genitals. Finally, the executive phase for the male consist of the ejaculation 
(figure 2). On average, ejaculation occurs after 10 to 12 intromissions and is followed by 
a refractory period of 4-8 minutes during which the male abstains from sexual activity 
(Hull & Dominguez, 2007; Lucio et al., 2012). 

It is thought that intromissions increase sexual arousal, and the number of intromissions 
preceding ejaculation could be an indicator of the ease with which the ejaculatory reflex 
is activated (Lucio et al., 2012). In general, males achieve vaginal penetration in 50 to 80 
percent of the mounts. 

As mentioned before, chronic use of SSRIs can result in the increase in the ejaculation 
threshold; which translates in a delayed ejaculation latency or sometimes even 
absence of ejaculation. Studies in rats show that when SSRIs are given chronically, 
sexual behavior is disturbed and the amount of sensory stimulation needed to reach 
ejaculation might be increased (Chan et al., 2010; de Jong et al., 2005a; de Jong et al., 
2005b). Chan et al. (2011) showed the relevance of the serotonin transporter (SERT) 
on the expression of sexual behavior by using animals genetically modified for this 
transporter (SERT-/- and SERT+/-) as an animal model for chronic SSRI induced sexual 
dysfunction. SERT-/- rats have higher extracellular serotonin brain levels than SERT+/- 

and SERT+/+ animals (Homberg et al., 2007) which is comparable to animals under 
chronic SSRI administration (Chan et al., 2010a; Olivier et al., 2010b; Olivier et al., 2008). 
At the behavioral side, SERT-/- rats have increased anxiety and depression-like behaviors 
(Olivier et al., 2010; Olivier et al., 2008; Rothman et al., 2003). In their research, Chan et 
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1al. (2011) hypothesized that these genetically modified animals show disturbed sexual 
behaviors comparable to those expressed by animals under chronic administration of 
SSRIs (de Jong et al., 2005; Ferguson, 2001; Oosting et al., 2016). Indeed, Chan et al (2011) 
showed that SERT-/- animals have lowered sexual behavior and changed 5-HT1A receptor 
function. The similarity of the SERT-/- male rat sexual behavior to the sexual behavior 
expressed when SSRIs are chronically used, suggests that this genetically modified 
animal can be a very useful model to study the role of serotonin in sexual dysfunctions 
like delayed ejaculation or diminished pro-sexual behavior. 

Figure 2. Diagrams showing copulatory motor patterns in the male rat. In the mount the male palpates 
and holds the flanks of the female, performing pelvic movements on the rump of the latter and causing 
the reflex of lordosis. In the intromission the male inserts the penis into the vagina by means of pelvic 
movements performed on the rump of the female. Finally, the ejaculation becomes in response to a deep 
and sustained pelvic movement. At the end, the male laterally extends the upper limbs, raises the back 
and slowly dismounts the female. [Reproduced from Timmermans -see figure.1 in Snoeren et al. 2014]

The SERT-/- rat model can also be of importance to test new antidepressant drugs 
that possess SSRI properties and additional serotonergic targets like vilazodone and 
vortioxetine (Li et al., 2017; Oosting et al., 2016) to understand their effects and mechanism 
of action in sexual behavior. 
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It is generally assumed that SSRIs can induce sexual dysfunction as a main side effect, 
mainly related to the diminished capacity to ejaculate and reach orgasms (Chan et 
al., 2010b; Hull et al., 2006). But the particular mechanisms of which antidepressants 
like SSRIs affect sexual function are still yet largely unknown although adaptations in 
certain serotonergic receptors have been hypothesized. Several double-blind studies were 
performed and significant differences between individual SSRIs in the amount in which 
they delay ejaculation in men with lifelong rapid (premature) ejaculation were found 
(Segraves & Balon, 2014; Waldinger et al., 2001b, 2001a). These effects may depend on the 
clinical dose used that generates different levels of 5-HT transporter occupancy, but other 
factors and mechanisms (e.g. metabolites, pharmacokinetics) must play a role (Waldinger, 
2007b).

In addition to its role in the normal expression of male sexual behavior, Waldinger et 
al ( 2002; 2005; 1998) postulated that serotonin plays an important role in the aetiology 
of lifelong PE and that it is also a genetically determined sexual dysfunction. In 1998, 
Waldinger and colleagues.(Waldinger et al., 1998) proposed this genetic component 
can be caused by a disruption in the serotonergic receptor system, for example, 
hyposensitivity of the 5-HT2C receptor and/or hypersensitivity of the 5-HT1A receptor. 
Daily treatment with the currently available SSRIs has repeatedly been demonstrated 
to be efficacious in delaying ejaculation in men with PE. However, the chronic use 
of these drugs (mainly used to treat major depression) brings along a set of sexual 
side effects that also lead to sexual dysfunction (Bijlsma et al., 2014) Major depression 
is often associated with sexual dysfunctions and the treatment for depression with 
antidepressants can complicate the situation considerably. Whereas some aspects of 
sexual functioning may improve, others, like erection and ejaculation may deteriorate. 
It is often difficult or impossible to ascertain what is caused by depression and what is 
caused by the antidepressant or their interaction or even by other factors (Olivier et al;., 
2017). Lahon et al. (2011) suggested that a complaint by a patient of sexual dysfunction 
might either indicate a failure to respond to treatment as well as the side effects of the 
drug. The large majority of commonly prescribed antidepressants are associated with 
sexual side effects like loss of sexual desire and other sexual problems, such as erectile 
dysfunction and decreased orgasm, which often lead to non-compliance to the treatment 
(Lahon et al., 2011) .

Effective treatments to treat PE so far require SSRIs to be administered for at least 2 weeks 
to start showing effects. However, chronic administration of such drugs (SSRIs) can also 
bring severe sexual dysfunction that may lead patients stopping treatment. The slow 
onset of action of SSRIs in PE, the necessity to take SSRIs permanently and such severe 
side effects support the finding and development of “on demand” treatments hopefully 
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1without the side effects of SSRIs (Waldinger et al., 2002,2006, 2007). The finding that 
combination of an SSRI with a 5-HT1A receptor antagonist (e.g. WAY100,635) can lead to 
a strong and dose-dependent decrease in ejaculation latency, suggests the amenability 
to develop such on-demand treatments (Chan et al., 2011a; De Jong et al., 2005; de Jong et 
al., 2006; Keel et al., 2010). 

Recently, suggestions have emerged that tramadol could have on demand inhibitory 
effects on PE (Yang et al., 2013). Tramadol is mainly used as a pain killer due to its profile 
as a selective agonist of the μ-opioid receptor, but its relatively strong serotonergic 
reuptake inhibitory effects (SSRI), and (weaker) norepinephrine reuptake inhibitory effect 
(Matthiesen et al., 1998), has been suggested as responsible for its anti-PE properties 
(Rojas-Corrales et al., 2002; 1998). Recently, tramadol has been shown, as an off-label 
application, to be effective in premature ejaculation in humans (Eassa & El-Shazly, 2013; 
Yang et al., 2013), comparable to the results of other SSRIs (Waldinger et al., 2001b, 2001a; 
Waldinger et al., 1998; Waldinger & Olivier, 2004).
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3. Neurobiology of  sexual function (ejaculation)

Ejaculation, more specifically ejaculation latency is a biological variable that can differ 
between populations and ranges from very rapid (PE) through average and to slow 
ejaculation (Delayed Ejaculation). The biological theories about PE include theories of 
evolution, penile hypersensitivity, neurotransmitter levels and their receptor sensitivity 
in the central nervous system, the level of sex hormones, degree of arousability, and 
speediness of the ejaculatory reflex.

3.1 Sensory systems
When it comes to sensory system little is actually known about the role of most of these 
systems in the expression of sexual behavior; even though it is clear that vision, smell, 
hearing, taste and touch are key elements in the execution of sex, the availability of data 
regarding the role of these sensory systems in sexual function is very limited (Ryan, 
1990). In the case of rodents and due to their testing accessibility, the olfactory system 
has been more widely studied (Portillo et al., 2006). The olfactory bulb is in charge of the 
chemosensory signal’s transmission from the olfactory mucosa and vomeronasal organ 
to higher centers of the forebrain. Chemosensory cues, although present among species, 
have variable importance related to other sensory cues like vision, audition and touch 
depending on the biology of the species. These chemosensory signals are predominantly 
important for mating in rodents. Therefore, the olfactory system becomes very relevant 
for these species. The vomeronasal organ can detect volatile odor cues (Trinh & Storm, 
2003) and stimuli transduced in the vomeronasal organ are particularly important for 
social behavior, including mating, aggression, affiliation, and maternal behavior in rodents 
and animals which highly depend on the sense of smell (Edwards & Burge, 1973, for review 
Hull & Dominguez, 2007). However, in microsmatic (with a poor sense of smell) species 
including humans, the vomeronasal organ and accessory olfactory bulbs are diminished 
and may be nonfunctional (Coolen & Hull, 2004; Hull et al., 2006). In male rats and mice, 
mating or exposure to estrous female bedding stimulates Fos protein expression (an early 
expression gene used to measure neural activation) in the accessory olfactory bulbs and 
downstream structures (Portillo et al., 2013). 

The sense of touch is also very relevant, ascending cues from the penis and perineal 
region transmitted through the subparafascicular nucleus go to the medial amygdala 
(MeA). These somatosensory cues are taken directly to the MPOA (Figure 3). Each 
intromission provides lots of somatosensory stimulation due to the high density of 
sensory receptors localized in the spines covering the penis glans. When this sensory 
stimulation accumulates, it eventually activates reflexes related to seminal emission and 
autonomic reflexes associated with somatic ejaculation(Lucio et al., 2012). The medial 
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1and posteromedial cortical amygdala also have abundant receptors for androgens and 
estrogens. Testosterone is in part responsible for promoting male sexual activity, through 
linking to amygdaloid androgen receptors or to estrogen receptors after aromatization. 
The sensory information generated by the mechanical stimulation of the external 
genital organs is sent to the primary somatosensory cortex (S1), through a tri-synaptic 
pathway that involves the dorsal column and the middle lemniscus (by the primary 
sensory afferents type A from the dorsal root to the dorsal horn of the lumbo-sacral 
spinal cord). Once the gelatinous substance of the dorsal horn is relayed in neurons, the 
fibers of these ascend ipsilaterally towards the Gracilis nucleus in the medulla oblongata 
by the dorsal funiculus of the spinal cord. After a second relay, the gracile fibers pass 
through the anterior commissure and rise contralaterally, passing through the medial 
lemniscus to the ventrobasal nuclear complex in the thalamus. Finally, the thalamic 
neurons project through the internal capsule through the corona radiated into the 
primary somatosensory cortex (Figure 4; Cazala et al., 2015; Kell, 2005). In the case of 
rodents, the S1 has a representation of the body formed by cytoarchitectonic modules of 
different sizes called barrels (Avermann et al., 2012; Riddle et al., 1992). Although a genital 
representation has not yet been anatomically described in S1, recent electrophysiological 
studies indicate that the genital representation in the rat is located on the ventral portion 
of the trunk representation and extends to the segments proximal representations of the 
anterior and posterior extremities (Cazala et al., 2015; Lenschow et al., 2015), which might 
be of important consideration of the genital sensory input process. 

3.2 Brain Areas
To get information about brain areas involved in sexual behavior, sexual function is mostly 
investigated using lesions, electrophysiological stimulation and recording, microdialysis, 
pharmacological studies and recording of cellular activity. The medial preoptic area 
(MPOA) is a crucial organizing structure involved in male copulatory behavior (Hull et 
al., 2006). In the rat, the neurophysiological substrate controlling copulatory behavior 
involves a very significant number of brain regions and chemical messengers. It is expected 
that the functional characteristics of this substrate are significantly modified in those 
animals showing different (long or short) ejaculation latencies, based on the context in 
which the copulatory encounter occurs. However, engaging in a project that evaluates 
all the proposed amendments as general hypotheses would be an endless business in 
the short term. Fortunately, Coolen et al. (1998) showed that there is a sub-circuit that is 
specifically activated when male rats ejaculate with a decreased latency, which gives us 
the opportunity to study with more precision those areas involved in this phenomena. 
This circuit consists of the lateral posterior-medial dorsal amygdala, the posteromedial 
region of the bed nucleus of the stria terminalis, the postero-dorsal preoptic nucleus 
and the parvocellular region of the sub-parafascicular thalamic nucleus. Since most of 
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these structures are connected reciprocally with the medial preoptic area (MPOA), which 
serves as a center of integration and facilitation of genital reflex responses (Dominguez 
& Hull, 2005), it is thought that the MPOA triggers the sub-circuit of ejaculation activity 
(previously shown in figure 3). 

Figure 3. Diagram of the brain areas involved in the ejaculation circuitry. BNSTpm = posteromedial 
part of bed nucleus of the stria terminalis, MEApd= posterodorsal part of the medial amygdala, 
SPFp= subparafascicular nucleus, MPOA= medial preoptic area, PVN= paraventricular nucleus, PAG= 
periaqueductal gray, nPGI= nucleus paragigantocellularis. (+/-: input or output and -: inhibition).
[Diagram from Snoeren et al., 2014a. with permission from Elsevier]

Studies in rodents emphasize the importance of the corticomedial amygdala in male sexual 
activity. Amygdaloid structures are key nodal points for integration of chemosensory, 
somatosensory and hormonal stimuli via the main and accessory olfactory bulbs through 
the thalamic sub-parafascicular nucleus. In particular, the medial amygdala (MeA) 
transmits chemosensory stimuli from the olfactory bulbs to midline nuclei of the preoptic 
area. Chemosensory cues project from the olfactory bulbs to the medial and cortical 
amygdaloid nuclei (anterior, postero-lateral and medial) through the lateral olfactory 
tract (Hull & Dominguez, 2007). Projections of the accessory olfactory bulb, target the 
medial and posteromedial nuclei, while the main olfactory bulbs project to the anterior 
and posterolateral cortical nuclei (Figure 5; Portillo & Paredes, 2003).
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Figure 4. The first order neurons travel from the sensory receptor in the periphery, into the spinal cord, 
and then travel all the way up the cord in the posterior columns (fasciculus gracilis and cuneatus) to 
synapse onto second-order neurons in the nucleus gracilis and nucleus cuneatus located in the medulla 
(see figure above). Axons of these second-order neurons decussate as the internal arcuate fibers and 
then form the medial lemniscus on the other side of the medulla. The next major synapse occurs when 
the medial lemniscus axons terminate in the ventral posterior lateral nucleus (VPL) of the thalamus. 
The neurons of VPL then project through the posterior limb of the internal capsule in the thalamic 
somatosensory radiations to reach the primary somatosensory cortex in the postcentral gyrus [Picture 
property of McGrawgill education, reproduced with permission]

Figure 5. Neural circuits regulating male sexual behavior. The medial preoptic area (MPOA) receives 
direct and indirect input from brain areas that are important for the assimilation of sexually relevant 
information. Olfactory stimulation is received by the olfactory bulbs (OB), the OB project to the medial 
amygdala (MeA), which relays information to the bed nucleus of stria terminalis (BST) and the MPOA. 
Additionally, the MPOA and MeA receive somatosensory input via the central tegmental field (CTF). 
In turn, the MPOA projects to the ventral tegmental area (VTA) and the brain stem (BS). [Figure from 
Hull & Dominguez, 2006, with permission from Elsevier]
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3.3 Neurotransmitters and hormones
As previously mentioned, the ejaculation reflex (including latency) is controlled by 
a circuit formed by the ejaculatory sub-circuit (ejsc) and the MPOA (Coolen et al., 
2004; DeGroat & Booth, 1980; Robaire et al., 2006; Veening & Coolen, 2014), which are 
mutually connected. In this view, the ejsc involves a multifaceted interplay between 
central serotonergic and dopaminergic neurons with secondary connections of 
cholinergic, adrenergic, nitrergic, oxytocinergic, galanergic and GABAergic neurons 
that projects sensory information to the MPOA and the nucleus paragigantocellularis 
(nPGi) (Robinson & Mishkin, 1966; Yells et al., 1992). The disinhibition of the nPGi by 
the MPOA facilitates the ejaculation reflex (figure 6; Cazala et al., 2015; Dominguez & 
Hull, 2005; Georgiadis & Holstege, 2005), on the other hand the serotonergic pathways 
descending from the nPGi to the lumbosacral nuclei inhibit ejaculation. Lumbar 
spinothalamic neurons (LSt cells) are essential in the generation of ejaculation. 
These cells send projections coming from the pelvis to the autonomic neurons 
(thoracolumbar sympathetic and sacral parasympathetic) and motoneurons related 
to the emission and expulsion phase of ejaculation (Coolen et al., 2004; Truitt & 
Coolen, 2002).

Figure 6. Figure showing the MPOA-PAG-nPGi-spinal cord circuit. MPOA projections to the 
periaqueductal gray (PAG) terminate between PAG neurons projecting to the nucleus paragigantocellularis 
(nPGi). Descending projections from the nPGi terminate within the dorsomedial and dorsolateral motor 
pools of the ventral horn of the lumbosacral spinal cord. Motoneurons from these pools innervate the 
bulbocavernosus and ischiocavernosus muscles, which are essential for penile erection and ejaculation 
[Figure from Murphy & Hoffman, 2001]
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1Glutamate is released by the afferent connections from the ejsc, and along with nitric 
oxide secreted by dopaminergic and GABAergic (Leranth et al.,1988) neurons it leads to 
dopamine secretion (Day et al., 1980). Inhibition of dopamine and GABAergic transmission 
(Leranth et al., 1988) in the MPOA activate interneurons through D2 receptors to facilitate 
ejaculation, The ejaculation timing subsequently depends on the levels of the necessary 
extracellular levels of dopamine to block the inhibitory tone.

It is widely known that male sexual behavior greatly depends on the androgen 
testosterone (T) and its metabolites (Hull et al., 2002; 2006). Although testosterone is 
mostly produced in the testes, a small amount is also produced by the adrenal glands. 
Steroid hormones, particularly testosterone, estradiol (E2) and dihydrotestosterone 
(DHT) maintain copulatory behavior display. Although sexual behavior depends on 
testosterone, it has been demonstrated that there are no differences in the blood levels 
of this androgen between animals that can display normal sexual behavior and those 
who cannot (Ågmo, 1999; 2011; Alexander et al., 1993). Aromatase is responsible for the 
aromatization of androgens into estrogens. This enzyme can be found in many different 
tissues, for example, gonads, brain and adipose tissue. In the brain, aromatase is present 
mainly in preoptic, hypothalamic and limbic structures (Roselli & Klosterman, 1998). 
Aromatization in the MPOA is necessary for testosterone to be transformed into E2, which 
stimulates male sexual behavior (Portillo et al., 2006). 

3.4 Serotonin and Serotonergic System (for a more elaborate description see Olivier et al.,2019) 
Serotonin (5-hydroxytryptamine, 5-HT) is a neurotransmitter modulating several 
physiological and higher brain functions, such as mood, anxiety, stress, aggression, 
feeding, cognition and sexual behavior (Olivier, 2015). This neurotransmitter is extensively 
distributed in the brain (Steinbusch, 1981), although its content in the central nervous 
system is no more than 5% of total body 5-HT ( Jacobs & Azmitia, 1992). A high number 
or serotonergic projections in brain structures like prefrontal cortex and hippocampus 
are specially important and strongly involved in learning, memory processes, spatial 
navigation, decision making, social relationships, working memory, and attention 
amongst others (Boureau & Dayan, 2011; Charnay et al., 2010; Štrac et al., 2016). But 
serotonin is also involved in the expression of sexual behavior. The main 5-HT cell groups 
in the forebrain are the dorsal raphé nucleus (DRN) and median raphé nucleus (MRN), 
which consist of dense clusters of 5-HT cell bodies, while the spinal cord and hindbrain 
are primarily innervated by the caudal raphé nuclei (raphé magnus, raphé obscurus 
and raphé pallidus nuclei (Charnay et al., 2010). These serotonergic projections to the 
forebrain and the spinal cord are very important for the regulation of sexual behavior 
(Snoeren et al., 2014). The serotonergic system contains at least 14 different serotonin 
classes of receptors (5-HT1A, 1B, 1D, 1E, 1F, 2A, 2B, 2C, 3, 4, 5A, 5B, 6 and 7) and a serotonin transporter (SERT). 
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With the exception of the 5-HT3 receptor, a cation-permeable ion channel, all 5-HT 
receptors are G-protein coupled (Olivier, 2015). Serotonin is involved in the inhibition 
and disinhibition required to induce sexual behavior and because this behavior should 
only occur under proper circumstances, it is therefore under constant inhibition (Hull et 
al., 2004). Release of 5-HT is regulated through a negative feedback mechanism (Gothert 
& Weinheimer, 2004) effectuated by different presynaptic 5-HT autoreceptors (5-HT1A and 
5-HT1B). In particular, 5-HT1A receptors, located on soma and dendrites of 5-HT neurons, 
open potassium channels through G-protein coupling which upon activation inhibit 5-HT 
cell firing and subsequently 5-HT release (Olivier, 2015). Other 5-HT receptors that could 
be involved in 5-HT feedback mechanisms are 5-HT1B, 5-HT4, and 5-HT7 receptor subtypes 
but the mechanisms of the postsynaptic feedback systems are complicated and only 
partially understood, because of their indirect effects. An important mechanism involved 
in the maintenance of 5-HT levels is the serotonin transporter (SERT), responsible for 
active transport of serotonin back into the neurons after its release. SERTs are located 
in the presynaptic membranes of the nerve terminals and in the dendritic arbors of 
serotonergic cells, and its role is to mediate the removal and recycling of the 5-HT released 
in keeping homeostasis of the serotonergic system (Murphy et al., 2004). Once in the 
neuron 5-HT can be stored in vesicles for future release or will be degraded by monoamine 
oxidase (MAO) into 5-hydroxy-3-indolacetaldehyde (5-HIAL) and subsequently processed 
into 5-hydroxy-3-indolacetic acid (5-HIAA; Bortolato et al.,2010, fig. 7).

Figure 7. Drawing that shows the serotonin (5-HT) system with the location of the serotonin transporter 
(SERT) and the 5-HT 1A, 1B, 1D, 1E, 1F, 2A, 2B, 2C, 4, 5, 5A, 6, and 7 receptors subtypes on the pre and post-synaptic neurons 
and their effect on serotonin. The 5-HT vesicles release the neurotransmitter to the synaptic cleft where 
it binds either to the receptors or is reabsorbed by the SERT. Its subsequent reuptake in the vesicles and 
degraded by the MAO in the mitochondria. [Image modified from Snoeren et al., 2014;, with permission 
from Elsevier].
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1Overall, it is assumed that serotonergic activation is involved in male sexual activity. The 
role of the serotonergic system in ejaculation disturbances like PE or delayed ejaculation, 
has been suggested through hyposensitivity of the 5-HT2C or hypersensitivity of the 
5-HT1A receptors (Waldinger, 2002; Waldinger et al., 1998). Males with low serotonin 
neurotransmission and 5-HT2C receptor hyposensitivity might have an ejaculatory 
threshold at a lower setpoint and ejaculate quickly and with slight stimulation; on the 
contrary, males with a higher setpoint may have a prolonged latency, and need higher 
levels of sexual stimulation to provide more control over their ejaculation. At the other 
extreme, males with a very high setpoint may experience delayed ejaculation regardless 
of achieving a full erection after proper sexual stimulation. Administration of SSRIs a 
couple of hours before intercourse can be effective and well tolerated ( Jannini & Lenzi, 
2005b; Waldinger, 2007a) but is often associated with less delay on ejaculation than with 
chronic daily treatment, which makes it more suitable for males with a milder degree 
of PE. Chronic administration of SSRIs is related to superior delayed ejaculation time 
mainly through the enhancement of 5-HT neurotransmission suggested to result from 
desensitization of presynaptic 5-HT1A and 5-HT1B/1D receptors (Waldinger et al, 1998). On-
demand treatments should start with an initial daily trial or daily low dose treatment of 
SSRIs (Kim & Paick, 1999; McMahon & Touma, 1999; Strassberg et al., 1999). 

When 5-HT reuptake-inhibitors are administered chronically in rodents, the ejaculatory 
threshold can be increased; the frequency of ejaculation decreased whereas the number 
of mounts and intromissions increased (Olivier et al., 2006). Smits et al. (2006). In 2006, 
serotonin transporter (SERT) knockout rats were generated (Smits et al., 2006) which 
offered the possibility to study basal sexual behavior and the functional status of the 
5-HT1A receptor in rats lacking the SERT. Chan et al. (2011) used homozygous (SERT-/-), 
heterozygous (SERT+/-), and wildtype (SERT+/+) rats to investigate the effects of lifelong 
high extracellular 5-HT levels in the brain due to lack of the SERT. The authors also 
used these animals to investigate the effect of the 5-HT1A receptor agonist 8-OH-2-(di-
n-propylamino) tetraline (8-OH-DPAT) and the 5-HT1A antagonist WAY100635. At basal 
levels, Chan et al. found differences in ejaculation frequencies and latencies; SERT-

/- showed a lower number of ejaculations and longer ejaculation latency compared 
to SERT+/+ rats. SERT+/- and SERT+/+ rats had comparable numbers of ejaculations and 
ejaculation latencies. Apparently, a certain level of functional SERT molecules in the brain 
are needed to be able to execute ‘normal’ sexual behavior in the male rat.

As previously mentioned, sexual side effects of SSRIs have been therapeutically used 
to treat premature ejaculation (PE) in men (Waldinger et al., 2001a; Waldinger, 1998). 
Studies using the intravaginal ejaculation latency time (IELT) demonstrated clear IELT-
increasing effects after various SSRIs, but also clear differences between SSRIs in the 
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degree of inhibition (Olivier et al., 1999; Waldinger et al., 2001b). This might be indicative 
of associate mechanisms in individual SSRIs but also of differential influence of various 
SSRIs on serotonergic mechanisms linked to different 5-HT receptors located at different 
places in the brain and spinal cord. Specifically, 5-HT1A, 1B and 2C receptors have been 
implicated in male sexual behavior. Stimulation of 5-HT1A receptors by various 5-HT1A-
receptor agonists has prosexual effects in rats (Figure 8; Snoeren et al., 2014), although 
this is less clear in humans, where buspirone is the only available (partial) 5-HT1A-receptor 
agonist. 5-HT1A-receptor agonists like 8-OH-DPAT, flesinoxan, buspirone, ipsapirone and 
others (Olivier et al., 1999) in rats decrease the latency to the first ejaculation and decrease 
the number of mounts and intromissions to reach ejaculation (Figure 8). In a 30-min 
test, 8-OH-DPAT may induce up to 5 ejaculations (Pattij et al., 2005). The prosexual 
activity of 5-HT1A-receptor agonists can be blocked by 5-HT1A-receptor antagonists, e.g. 
WAY100,635, which on itself have no intrinsic activity (Figure 8; de Jong et al., 2005). 
This indicates that under basal conditions 5-HT1A receptors do not play a crucial role in 
sexual behavior. Apparently, 5-HT1A receptors become important when either activated 
by 5-HT1A-receptor agonists or under conditions of high extracellular 5-HT levels, e.g. 
induced by SSRIs (Bosker et al., 1995). Adding a 5-HT1A-receptor antagonist to an SSRI 
(either acutely or chronically administered paroxetine or citalopram) exacerbated the 
sexual inhibitory effects of the SSRIs (Figure 8; de Jong et al., 2005). This effect can be 
mediated by inhibition of 5-HT1A autoreceptors that normally limit the increase in 5-HT 
levels, and/or by blockade of postsynaptic 5-HT1A receptors that lower the ejaculation 
threshold (Figure 8). A comparable effect was observed in SERT-/- rats where WAY100,635 
decreased the ejaculation frequency which did not occur in SERT+/+ and SERT+/- males 

(Chan et al., 2011). 5-HT1A receptors are desensitized in SERT-/- rats. Chronic SSRI treatment 
also reduced the prosexual effect of 8-OH-DPAT (de Jong et al., 2005) again adding to 
the conclusion that under normal circumstances 5-HT levels are not high enough (low 
endogenous tone) to induce a 5-HT1A-receptor mediated effect on male sexual behavior. 
Under a high endogenous tone (e.g. after SSRIs) the role of 5-HT1A receptors becomes 
important. Both 5-HT autoreceptors and postsynaptic 5-HT1A receptors are involved in 
various aspects of sexual behavior (Snoeren et al., 2014). And postsynaptic 5-HT1A receptors 
are present in many areas of the brain and spinal cord, in line with the involvement 
of different brain areas in different aspects of sexual behavior (Snoeren et al., 2014; 
Uphouse & Guptarak, 2010). Although acute administration of 5-HT1A-receptor agonists 
facilitates male sexual behavior (Figure 8; Olivier et al., 2011; Snoeren et al., 2014a) chronic 
administration (e.g. of buspirone and flesinoxan) leads to diminished effects, although 
some slight pro-sexual activity remains present. This appears in line with human findings 
with buspirone and vilazodone that report lower or no sexual disturbances after chronic 
administration (Bijlsma et al., 2014). The resulting behavioral outcome (facilitation of 
male sexual behavior) is rather difficult to explain by this complex mechanism underlying 
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1activation of all 5-HT1A receptors (Snoeren et al., 2014). To further explore the role of pre- 
and postsynaptic 5-HT1A receptors in male sexual behavior, recently developed selective 
and high-affinity 5-HT1A receptor agonists might be of great use. These so-called selective 
and high-affinity’ agonists (Garcia-Garcia et al., 2014; Newman-Tancredi, 2011) display 
selectivity for either pre- or postsynaptic 5-HT1A receptors. That is the case of F15599, 
a high-affinity selective 5-HT1A receptor agonist (Ki=3.4 nM) for postsynaptic 5-HT1A 
heteroreceptors, and for F13714 (Ki=0.1nM), a preferential 5-HT1A autoreceptor agonist 
(Koek et al., 2001; De Boer & Newman-Tancredi, 2016; Hazari et al., 2017). Another ligand 
with high-affinity (Ki=1.8 nM) for 5-HT1A receptors is S-15535. which acts in vivo as a 
preferential agonist at presynaptic autoreceptors and as antagonist at postsynaptic 5-HT1A 

heteroreceptors (Carli et al., 1999; Millan et al., 1993).These compounds have not been used 
so far to study male sexual behavior, but they may shed further light on the complex role 
of 5-HT1A receptors in male rat sexual behavior.

Figure 8. Figure showing the serotonergic transmission and sexual performance in a serotonergic 
neuron. The effect on sexual behavior is shown when: acute SSRI treatment, chronic SSRI treatment, 
acute 5-HT1A receptor agonist treatment, acute treatment with 5-HT1A receptor antagonist and acute 
SSRI treatment combined with 5-HT1A receptor antagonist are given.
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Figure 8. Continued.
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14. Aim and outline of  the thesis

So far, the scientific community has collected enough evidence to identify part of the origins 
of premature and delayed ejaculation disorders, but the fact that the proposed treatments are 
not 100% effective on its own, suggests that the model to reach a full understanding of these 
ejaculatory dysfunctions is not complete. Hence, the overall aim of this thesis was to investigate 
further mechanisms involved in the expression of ejaculatory sexual dysfunction. Specifically, 
we 1) evaluated the role of the somatosensory cortex in the expression of copulatory behavior; 
2) studied the role of the serotonin transporter (SERT) in sexual performance by using the 
SERT knockout rat, an animal model that resembles chronic SSRI-induced sexual dysfunction 
in humans; 3) studied the on-demand effect of tramadol in wildtype Wistar and in SERT+/+, 
SERT+/- and SERT-/- Wistar rats; and 4) evaluated the role of pre- and post-synaptic 5-HT1A 
receptor biased agonists in the expression of sexual function in normal and SERT-/- rats. 

This thesis is divided in two main parts. Part one contains chapters 1, 2 and 3 and refers 
to the description of the available models to understand premature ejaculation. 

Chapter 1 gives an introductory overview of the current anatomical model to understand 
the neurobiology of the regulation of sexual behavior, particularly focusing on premature 
ejaculation, paying particular attention to the role of the serotonergic system and the 
serotonin transporter on sexual function. 

In chapter 2, based on the concept that the relative size of body representations in the 
primary somatosensory cortex is positively correlated with the functional importance 
(motor skills) of the body segment implied, we explored the relationship between sexual 
performance and the relative size of the genital representation in the somatosensory 
cortex S1.

To study sexual behavior and to gather understanding of the mechanisms behind it, the 
need of proper animal models that may mimic human behavior has become a matter 
of great importance. The serotonin transporter knockout rat model has been previously 
characterized and the functional consequences of serotonergic system disturbances on 
behavioral paradigms have been described. In chapter 3, we describe in further detail 
the differences in sexual performance of animals fully or partly lacking the serotonin 
transporter and establish it as the animal model used for most of our pharmacological 
experiments, using wildtype animals with normal or high sexual performance to search 
putative new pharmacological therapies for premature ejaculation. In addition, animals 
with genetically modified serotonin transporters were used to gain further understanding 
of possible mechanisms of action in the sexual dysfunction. 
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Part two contains chapters 4, 5, 6 and 7, which focus on possible new on-demand 
premature ejaculation treatments and their mechanisms of action. Nowadays the most 
commonly and successful treatments used for this dysfunction are drugs which main 
target is on various 5-HT receptors and the SERT. Although these drugs have shown to 
significantly modify 5-HT neurotransmission when administered chronically, opposite 
to expected effects may develop leading to difficulties achieving ejaculation and to non- 
compliance of the treatment. Therefore, the search of on-demand treatment has become 
an important issue. 

In chapter 4, we tested the effects of tramadol (an opioid with SNRI properties used 
commonly as a painkiller) on wildtype animals, as a possible on demand treatment of 
premature ejaculation, investigating at the same time whether its prevalent mechanism 
of action might be mainly due to its SSRI properties or that other mechanisms are also 
involved. 

In chapter 5, we performed a set of experiments that further investigated whether 
tramadol’s acute effect on sexual behavior is only related to its SSRI properties and not 
or very limited to its μ-opioid receptor agonistic or norepinephrine receptor antagonistic 
properties. To this end we also tested tramadol in SERT-/-rats. The outcomes are complex 
and illustrate the added value of genetically modified rats (in this case the SERT-/-) in 
unraveling the mechanism of action of drugs with complex mechanism of action, like 
tramadol.

In chapter 6, the role of 5-HT1A receptors in the expression of sexual behavior is further 
investigated by the use of various serotonergic 1A receptor agonists, including different 
biased 5-HT1A agonists, on wildtype and serotonin transporter knockout rats. 5-HT1A 
receptor agonists have prosexual effects in male rats but it is as yet unclear whether 
pre- or postsynaptic 5-HT1A receptors or both are involved. The studies performed in this 
chapter aimed at unraveling the underlying mechanism of action of the prosexual activity 
of 5-HT1A receptor agonists.

Lastly, in chapter 7 all our findings are summarized and discussed, in line with the idea 
that a combination of psychosexual (not investigated in this thesis) and pharmacological 
treatments seems needed to induce and maintain improvement of the control on 
ejaculation.
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