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Discussion, Summary and further perspectives

The present thesis exploited an animal rat model that has been developed over the last 
decades to study sexual behavior and ejaculation dysfunctions (premature and delayed 
ejaculation; Chan et al., 2008; Olivier et al., 2010; Pattij et al., 2005). This paradigm has been 
extensively used to test several psychoactive drugs (mainly serotonin reuptake inhibitors, 
SSRIs) and its effects on sexual performance and its potential to treat premature 
ejaculation as one of the main side effects of SSRIs is the increase of the time needed 
to reach ejaculation (Chan et al., 2010; Heijkoop et al., 2018; Waldinger & Olivier, 2005). 
Nowadays, most of the drugs that have been tested in the past (paroxetine, fluoxetine, 
sertraline, fluvoxamine, clomipramine, etc.; Jannini et al., 2002; Jannini & Lenzi, 2005), 
have been recognized as efficient treatments for premature ejaculation. In depression, 
chronically administered SSRIs have sexual side effects that have a big negative impact 
often leading to termination or suspension of treatment but it is probably this inhibiting 
sexual side effect that forms the therapeutic value of the SSRIs in PE. 

One of the aims of this project was to assess the use of a genetically modified serotonin 
transporter (SERT) rat, as an animal model reflecting the disturbed sexual function 
consequences of chronic SSRI administration and gain further understanding of the 
mechanisms involved. This genetically modified animal model would also help us to 
unravel brain and pharmacological mechanisms related to sexual (dys)functions.

To this end we tested a large number of genetically modified SERT knockout male rats 
on sexual behavior, including SERT+/+, SERT+/- and SERT-/- genotypes. We ran several 
pharmacological studies that allowed us to establish the SERT-/- male rat as an animal 
model that closely resembles effects upon chronic exposure to SSRIs on sexual behavior in 
male rats At the same time we evaluated the effects of various drugs (tramadol, μ-opioid 
receptor antagonist, and 5-HT1A receptor (ant)agonists) with different perspectives: 1) to 
see whether these psychoactive drugs with their own characteristics had differential 
effects on animals lacking the serotonin transporter compared to wildtype rats and 2) to 
analyze what those results would tell us in terms of the mechanisms of action of those 
drugs in sexual behavior. In this general discussion, we discuss these topics in a broader 
perspective and hypothesize about their contributions to our research.

Mechanisms of sexual (dys)function
Differences in the expression of sexual behavior has been an important target of study 
(Ågmo, 1997; Bhasin & Benson, 2006; Larsson, 1956), and over time it was understood that 
copulatory behavior in male rats can be categorized and divided into (endo)phenotypes 
(Pattij et al., 2005). Most of this variation in sexual phenotype has been suggested to relate 
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to biochemical changes and differences in neuronal groups in forebrain areas involved 
in sexual behavior that may lead to the expression of these copulatory categories or 
endophenotypes (Olivier et al., 2006; Pattij et al., 2005; Waldinger & Olivier, 2005)It is 
well known that areas like the medial preoptic area of the hypothalamus (MPOA), the 
postero-dorsal amygdala (MePD), the anterior dorsal nucleus of the medial amygdala 
(MeAD), the medial preoptic nucleus (MPN), the bed nucleus of the stria terminalis 
(BNST), amongst many others and several neurotransmitters like gamma-aminobutyric-
acid (GABA), nitric oxide (NO), serotonin (5-HT), etc. are involved in this regulation 
(Dominguez & Hull, 2005; Hull & Dominguez, 2007; Hull et al., 2006). The involvement 
of other brain areas or neurotransmitters that we are not aware of is still very likely and 
currently there is no drug available on the market that is able to tackle the wide range of 
sexual dysfunctions (like premature or delayed ejaculation), which strongly indicates that 
current models to understand sexual (dys)function are far from complete. In chapter 2, 
we evaluated whether differences in the anatomical and functional organization of 
the sensory systems are involved in the regulation of sexual behavior. Sexual behavior 
does not only depend on traditionally studied actions of neural structures involved 
in motivation and implementation of sexual and reproductive behavior, but also 
depends on contributions from the neural structures responsible for processing sensory 
information (Georgiadis & Holstege, 2005, Georgiadis, 2012; Ruytjens et al, 2007). We 
found that the cortical neuronal recruitment among animals with different levels of 
sexual behavior is different; these differences were mainly found in the area known as 
the genital representation in the somatosensory cortex (S1, neuronal groups that respond 
to sensory stimulation in the genitals). In our research, animals that can be considered 
normal and rapid ejaculators (that may resemble premature ejaculation, Pattij et al., 
2005), have larger cortical representations of the genitals in S1, and those considered slow 
ejaculators, non-ejaculators or non-copulators (that may resemble delayed ejaculation, 
Pattij et al., 2005; Portillo, et al., 2013), have a smaller representation of the genitals in S1. 
These results support the idea that differences in the expression of copulatory behavior 
are also regulated by morpho-functional differences in sensory pathways; therefore, it is 
important to incorporate the concept of “relative size body representations in the primary 
somatosensory cortex (S1)” and its correlation with the functional importance of the 
characterized body segments to the understanding of the sexual function mechanisms. 

The differences found in the relative size of the cortical genital representation in S1 in the 
different sexual genotypes, lead us to reflect on the originating mechanisms. Functional 
representations in the cerebral cortex are modulated by a GABAergic inhibitory tone (i.e., 
lateral inhibition, Derdikman et al., 2003; Lehmann et al., 2012; Sato et al., 2008). When 
the tone of the lateral inhibition is high, the functional representation of the body area 
stimulated will be reduced (Porter & Nieves, 2013), and the opposite happens when the 
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inhibitory tone is low (Moore et al., 1999). Thus, these differences found in the size of 
cortical genital representations of animals with different sexual categories may reflect 
important differences in the morphology and function of GABAergic interneurons (e.g. 
inhibitory tone).

Animal model to simulate SSRI induced sexual dysfunction: Effects of serotonin transporter 
blockade on male sexual behavior
Premature ejaculation is one of the most prevalent male sexual dysfunctions (Bettocchi 
et al., 2008; Metz et al., 1997). Considerable evidence has been collected to identify and 
gain knowledge about its etiology (Metz et al., 1997; Waldinger, 2005), but so far there is 
no treatment that cures or is 100% effective on its own ( Jannini & Lenzi, 2005; Rosen & 
Althof, 2008; Waldinger 2007). This suggests that the anatomical model that we possess 
now to understand a sexual (dys)function, like PE, is not yet complete and more studies 
are needed. Although delayed ejaculation is less prevalent than PE, its impact on men’s 
life quality is as important as on PE ( Jannini et al., 2002; Rowland et al., 2010; Waldinger 
et al., 1998). 

To tackle PE, experts in this area have put special attention on selective serotonin 
reuptake inhibitors (SSRIs), which exert side effects on sexual function, like e.g. decrease 
in libido, and increase of ejaculation latency (Higgins et al., 2010). Although SSRIs might 
be a relatively efficient treatment for PE, they take along some disadvantages: 1) it takes 
a minimum of at least two weeks before effects are observed (Ferguson, 2001; Uphouse 
& Guptarak, 2010) and 2) its chronic administration brings side effects, such as increased 
ejaculation latency, and even though this effect was sought by this treatment, the side 
effects may increase to a point in which sexual behavior cannot be performed at all (no 
ejaculation, or lack in motivation) and may be the cause that patients stop treatment 
(Waldinger et al.,1998). 

The serotonin transporter knockout rat model has been previously characterized and the 
functional consequences of serotonergic system disturbances on behavioral paradigms 
have been described ( J. R. Homberg et al., 2007). SERT-/- animals, have a chronic “natural” 
exposure to extremely high levels of extracellular serotonin in the brain ( J. R. Homberg 
et al., 2007), which makes them a good candidate of a model that resembles chronic 
administration of SSRIs (Chan et al., 2011; Olivier et al., 2010). In chapter 3, we gathered 
all the basal data produced during the training sessions of our experimental work; we 
tested a large number of animals with genetically modified SERTs (SERT+/- and SERT-

/-) and compared them to wildtype rats (SERT+/+). Even though it has been previously 
proposed that these animals could be used as an animal model of chronic SSRI 
induced sexual dysfunction (Chan et al., 2011), we showed that the difference in sexual 
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function between SERT+/+ and SERT-/- animals can already be detected in the second 
week that male rats were sexually evaluated. Although it was previously shown that 
at a molecular and neurochemical level, SERT+/+ are different from SERT+/- and SERT-

/- rats, our results (that have been corroborated in every pharmacological study) show 
that there is no difference between SERT+/+ and SER+/-, at least at the level of sexual 
behavior. This might be due to a compensating mechanism that SERT+/- animals have 
developed as these animals have only 50% of the transporters present, suggesting that 
a minimum availability of 5-HT transporters is needed to be able to perform normal 
sexual functioning (Olivier et al., 2011).

Once more, our study illustrated the importance of serotonin in the expression of 
male sexual behavior, as it is already known that an increase or decrease in the levels 
and activity of this neurotransmitter can inhibit or facilitate the behavior (Hull et al., 
2004; Olivier et al., 2019; Waldinger & Olivier, 2005) Previous data (Homberg et al., 2007) 
showed that SERT-/- rats have increased extracellular brain levels of serotonin compared 
to SERT+/+ rats, and that this high level of serotonin came along with a decrease in the 
performance of male rat sexual behavior which apparently cannot be compensated even 
when extensive training is given (Chan et al., 2011). SERT-/- animals have changed 5-HT1A 
receptor sensitivity (Olivier et al. 2008) and these receptors are key in the expression 
of sexual behavior because 5-HT1A receptor agonists stimulate it (Snoeren et al., 2014). 
Chronic administration of SSRIs desensitizes 5-HT1A receptors (reviewed in: Olivier et al., 
2010) and increase extracellular serotonin levels that might be responsible for the lower 
ejaculation frequency; together, these effects show that the SERT-/- male rat is an animal 
model that resembles sexual dysfunction induced by chronic SSRI administration (Chan 
et al., 2011). 

Pharmacological studies in animal models and treatment of sexual dysfunction
Some of the most common and relatively successful treatments for premature ejaculation 
are pharmaceutics (mainly SSRIs), which target the SERT and various 5-HT receptors 
(Bettocchi et al., 2008; Jannini & Lenzi, 2005). Although these treatments have proven 
to significantly modify serotonin neurotransmission when given chronically, they can 
develop effects contrary to the ones expected, like a difficulty to ejaculate and therefore 
some patients may end up dropping treatment ( Jannini & Lenzi, 2005; Waldinger et al., 
1998). In order to achieve the pharmacological effects expected from these drugs it is 
necessary to dose them chronically, but at the same time side effects that lead to sexual 
dysfunction may emerge (Montejo-González et al., 1997; Marcel D Waldinger et al., 1998), 
leading scientists to search for better and especially on-demand treatments to facilitate 
treatment (Marcel D Waldinger, 2006). 
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We investigated in chapters 4 and 5 of the current thesis the effects of tramadol 
(commonly used as a painkiller; Matthiesen et al., 1998; Sheikholeslami et al., 2016), as a 
putative acute on-demand treatment of premature ejaculation, establishing at the same 
time that its prevalent mechanism of action in correcting sexual dysfunction is due 
mainly by its serotonin transporter inhibiting properties. We first (chapter 4) performed a 
set of experiments in wildtype Wistar rats and followed this up by studies in the SERT+/+ 
and SERT-/- animals (chapter 5) to further explore whether tramadol’s acute effects on 
sexual function are related to its SSRI properties and has very little to do with its μ-opioid 
receptor agonistic or norepinephrine receptor antagonistic properties. We found that 
acute doses of tramadol up to 40 mg/kg (IP) do not have any effects on sexual behavior 
in animals displaying normal levels of sexual behavior. However, when a very high dose 
(50 mg/kg IP), was given, tramadol strongly inhibited sexual behavior. To further test 
the possible mechanisms of action of this drug, we tried to antagonize its effects with 
WAY100,635 (a 5-HT1A receptor antagonist) and naloxone (a μ-opioid receptor antagonist); 
both drugs were without intrinsic effects on sexual behavior when administered in 
wildtype animals. When tramadol, at a selected dose that on its own does not alter sexual 
behavior, was combined with WAY100,635 (1 mg/kg), we found a robust decrease in sexual 
behavior, supporting the hypothesis that tramadol possesses a 5-HT reuptake inhibitory 
mechanism that affects sexual behavior. A low dose of naloxone (10 mg/kg) had some 
minor, antagonizing effects when combined with the inhibitory dose of tramadol (50 mg/
kg), which suggests that the μ-opioid receptor may be playing a minor role in this effect. 
In accordance with this finding, morphine, a strong μ-opiate receptor agonist inhibits 
male sexual behavior in rats (Ågmo & Paredes, 1988; McIntosh et al., 1980); an effect that 
can be antagonized by naloxone. 

In this first set of experiments our results indicate that the inhibitory effects of tramadol on 
sexual behavior after acute administration and at high doses are mainly mediated through 
its SSRI component, even though a small effect of its μ-opioid agonistic mechanism might 
as well be contributing to this inhibitory effect (Olivier et al., 2017). To further investigate 
whether the SSRI property of tramadol played a main role in the inhibitory effects on 
sexual behavior or whether the strong effects observed after an acute high dose were the 
result of this drug’s other mechanisms of action, we tested tramadol in SERT+/- and SERT-

/- animals. The lack of SERT would exclude the SSRI component in the mechanism of 
action of tramadol in its sexual inhibiting effects and it would be of great help to unravel 
tramadol’s main mechanism of action; basically, we repeated the experiments performed in 
chapter 4 including these animals. To our surprise and contrary to what we expected (due to 
the lack of SERT, we thought that tramadol should have very little if no effect at all in SERT-

/- animals), acute high doses of tramadol (IP) significantly inhibited sexual performance 
of all SERT genotypes, with the highest dose of 50 mg/kg almost reducing the activity to 
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zero. These findings replicated our previous findings with wildtype animals (Chapter 4, 
Olivier et al., 2017). Therefore, we focused on gaining more understanding about whether 
the effects observed after tramadol on sexual behavior were a consequence of its 5-HT 
reuptake inhibiting effects or the action of the μ-opiate receptor. The effects of all drugs 
and doses used on the experiment (tramadol, WAY100,635, naloxone and combinations) 
in SERT+/- heterozygous rats did not really deviate from those in SERT+/+, so we did not 
use the SERT+/- data and it won’t be further discussed in here. We hypothesized that the 
agonism for the μ-opiate receptor present as well in tramadol, might have caused the 
inhibition of sexual action in the SERT-/- rats. If so, it might be expected that naloxone 
would have antagonized the decrease induced by tramadol in sexual behavior in SERT-

/- rats. However, the dose of 20 mg/kg naloxone that we used was not able to antagonize 
the effect of tramadol on ejaculation frequency and had no further inhibiting effects on 
other sexual parameters. This outcome suggests that the sensitivity of the μ-opioid system 
in the brain of SERT-/- rats is not different due to the absence of SERT. So far, there is no 
data available about the sensitivity of SERT-/- rats’ opioid system, but evidence in SERT-/- 
mice suggests that the sensitivity to μ-opioid agonist analgesic effects is unaltered (Hall 
et al., 2011). Altogether, this suggests that there are other properties of tramadol that have 
a more important contribution to its inhibitory effects on male sexual activities than the 
opioid system. Tramadol has noradrenalin-transporter reuptake effects that should be 
considered as well (Frink et a., 1996; Rojas-Corrales et al., 1998). Another possibility is that 
the noradrenaline transporters (NET) have taken over (at least to some extent) the role of 
SERT to compensate for the transporter loss in the SERT-/- rat. There is some evidence that 
these SERT-/- animals have catecholaminergic systems that have adapted to compensate for 
a disturbed serotonergic neurotransmission (Olivier et al., 2010). More experiments need to 
be performed to discard the role of NET on the observed effects of tramadol; preliminary 
evidence with atomoxetine (a NET-inhibitor, data not shown), did not point to differences 
in sexual behavior in both SERT+/+ and SERT-/- rats suggesting that tramadol’s effects are 
principally due to changes in the serotonergic system.

Overall, the data gathered supports the idea that the inhibitory action of tramadol 
on sexual behavior comes mainly from the blockade of the serotonin transporter, a 
mechanism that in SSRIs is responsible for the increase of ejaculation latency, which 
makes tramadol a good candidate to treat PE in human males although side effects might 
be more extensive than or different from SSRIs alone.

Finally, during the whole trajectory of the present work, we have emphasized the relevance of 
5-HT1A receptors in the regulation of sexual behavior. In chapter 6 we investigated and tried to 
gain more understanding about its role by using two different biased 5-HT1A receptor agonists 
in SERT+/+ and SERT-/- animals. As known, stimulation of this receptor enhances sexual activity, 
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and in this chapter we focused on animals that during their training sessions performed a 
relatively low sexual level, so that we could evaluate if the drugs of selection had a pro-sexual 
effect. We then used two biased 5-HT1A receptor agonists, the autoreceptor-selective 5-HT1A 
receptor agonist F13714 (Assié et al., 2006; Becker et al., 2016) and the heteroreceptor-selective 
5-HT1A receptor agonist F15599 (Becker et al., 2016; Newman-Tancredi et al., 2009), and tested 
them in both SERT+/+ and SERT-/- rats. Somewhat surprising, both compounds induced pro-
sexual activity in SERT+/+ rats, but for F13714 the dose response curve for the pro-sexual effect 
in SERT-/- rats was shifted to the right compared to SERT+/+ rats. It is known that stimulation 
of 5-HT1A receptors by non-selective 5-HT1A receptor agonists like 8-OH-DPAT, flesinoxan, 
buspirone, and others have pro-sexual effects in wildtype rats (Olivier et al., 1999; Snoeren et 
al., 2014 for review), but so far there are no studies that evaluate the selective contributions of 
5-HT1A auto-receptors or heteroreceptors (or both). A third compound evaluated was S15535, 
an autoreceptor selective 5-HT1A receptor agonist and heteroreceptor-selective 5-HT1A receptor 
antagonist, which did not have any effects on male sexual behavior of SERT+/+ and SERT-/- rats, 
concluding that this particular compound mainly behaves as a ‘silent’ 5-HT1A receptor ligand 
in male rat sexual behavior.

Previous research showed that 8-OH-DPAT, a nonselective 5-HT1A auto-receptor and 
heteroreceptor agonist (Larsson et al., 1990), possess very strong and dose-dependent 
pro-sexual effects (Chan et al., 2011; Mos et al., 1991). This effects can be antagonized by the 
5-HT1A receptor antagonist WAY100,635, that is a silent compound in wildtype animals (T. 
R. de Jong & Neumann, 2015). 8-OH-DPAT has pro-sexual effects in SERT-/- male rats (Chan 
et al., 2011), although the dose-response curve found was shifted to the right compared 
to SERT+/+ rats, like our results with F13714. These results make explanation in terms 
of mechanism of the 5-HT1A auto and hetero-receptor somewhat difficult to interpret. 
Although it is possible that the preferential postsynaptic 5-HT1A receptor agonist F15599 
displays some presynaptic auto-receptor agonistic activity, this drug does not appear to 
be the specific tool to selectively activate postsynaptic 5-HT1A heteroreceptors. The lack 
of behavioral effect of S15535 in both SERT+/+ or SERT-/- animals brings along problematic 
interpretations as well. Even though the results of the experiments performed did not 
bring the answers we were looking for in terms of the function and mechanisms of the 
receptors, in previous research performed in aggression (Sietse F. de Boer & Newman-
Tancredi, 2016) with the same drugs and in other experiments with SERT-/- animals as 
well with other 5-HT1A receptor agonists (Olivier et al., 2008), we found that: 1) even 
though sexual behavior and aggression share most of their neurobiological substrate 
( Jan G Veening et al., 2005), it might be possible that different neuronal groups play 
different roles for the expression of these particular sets of behaviors; 2) there might be 
two differentially regulated 5-HT1A receptor pools in SERT-/- rats; this has also been found 
in autonomic regulation of body temperature and stress (Olivier et al., 2008). 
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Conclusions and future perspectives
In conclusion, we found that there is an anatomical and functional representation of the 
external genital organs in the primary somatosensory cortex (S1) of the male rat, which 
functional activation area in the region of the external genitals of S1 varied according 
to the latency of ejaculation, being higher in rats with short or intermediate ejaculatory 
latencies. This is very valuable information to incorporate in the understanding of 
the differences in expression of sexual behavior and the possible involvement in the 
development or appearance of sexual dysfunctions. The functional activation area should 
especially be taken into account and used in possible new developments of behavioral 
therapies that involve sensory information to treat premature and delayed ejaculation. 
The animal model proposed and studied to examine chronic SSRIs exposure effects 
on sexual behavior has been further validated. SERT+/- animals display similar sexual 
performances as SERT+/+ animals and can therefore not be used as a model for chronic 
SSRI exposure. On the other hand, SERT-/- male rats have a very well defined and stable 
sexual pattern that enables us to study the effects of lifelong high brain extracellular 
5-HT level exposure on sexual behavior.

From the different drugs studied, we have to conclude that we still need to perform 
many studies to develop a drug that can be prescribed as an on-demand treatment for 
premature ejaculation. For instance, tramadol might be of acute use, but the dose needed 
might be too high or its side effects (addiction) are too troublesome. Some 5-HT1A biased 
agonists might be of use for on demand treatment to improve a male’s ability to better 
perform sexually, but mechanisms underlying such effects need further investigations.  

Even though in the field of sexual health extensive research is ongoing for the last 
decades, a lot of questions remain without answers, especially those related to sexual 
dysfunctions. Although a lot is known about neurobiological mechanisms involved in 
normal expression of sexual behavior, the scientific community has not been able to 
completely identify the etiology of “abnormalities” in the human research field. It is 
necessary to dedicate further research to the topic of sexual dysfunction in males and 
females (although this thesis focused on the male) and try to design and keep performing 
experiments that can shed some light at all (unknown) mechanisms and problems in the 
field of sexual performance.  
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