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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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1
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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Abstract

In mammals, male copulatory behavior is far from stereotyped. In male rats, for instance, 
non-copulatory and copulatory phenotypes can be identified. Furthermore, male rats 
displaying copulatory behavior may have short, normal or long ejaculatory latencies. There 
are even phenotypes that feature vigorous mounts and intromissions but not ejaculation. 
Although all these male categories may result from interindividual differences in the 
availability of particular neurotransmitters, receptors for sex steroids and distinctive 
aromatase activity in specific brain regions, it has also been shown that they might reflect 
differences in sensory functions such as those observed in the olfactory system between 
non-copulatory and copulatory rat males. However, the male sexual response depends 
not only on olfactory stimuli but also upon adequate somatosensory stimulation from 
the genitals as well as from the rest of the body. Thus, differences of male copulatory 
behavior could also result from individual anatomical and functional distinctions along 
somatosensory pathways. To this end we studied a possible relationship between the size 
of the genital representation in the primary somatosensory cortex (S1) and individual 
expression of the copulatory behavior in male rats. We hypothesized that males presenting 
copulatory patterns and short ejaculation latencies would have a larger genital area 
representation in S1. In line with these expectations, our preliminary results show that 
males having short (<600s) and intermediate (601-1200s) ejaculation latencies have larger 
genital representations in S1 than those having long ejaculation latencies (1201-1800s). 
In addition, non-copulator animals had the smallest genital representations in S1. An 
inverse correlation was present between the area of the genital cortical representation 
and ejaculation latencies among the groups of male rats studied, supporting that the 
better the performance, the larger the S1 genital representation. 

Key words: Sexual behavior, ejaculation, somatosensory cortex, genital
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1. Introduction

Copulatory behavior has been considered a set of stereotyped patterns (Dewsbury et al., 
1979; Dewsbury & Hartung, 1980). This point of view, however, has been challenged by 
evidence in various mammalian species that males actually have different copulatory 
categories (Alexander et al., 1993; Alexander et al., 1999; Antaramian et al., 2015; De 
Gasperín-Estrada et al., 2008; Larsson, 1961; Pattij et al., 2005; Portillo et al., 2013; 
2006a; 2006b). While these categories could result from ecological pressure (e.g. social 
status, reproductive strategies, reproductive social organization; Lucio et al., 2012) and, 
therefore, be susceptible to modification by environmental information and/or sexual 
and reproductive experience, they could also be unchangeable and result from inter-
individual morpho-functional differences. In particular, male rats exert variable copulatory 
behavior; they may copulate or not (Larsson, 1960). If males do copulate with receptive 
females, they may show a higher or lower number of ejaculations in an experimental 
test period (e.g. 1800s) and can be categorized as having short (247 ± 45 s), intermediate 
(717 ± 133 s) or long (1697 ± 80 s) first ejaculatory latencies (Pattij et al., 2005). Because 
the performance of males in different categories show consistency, male copulatory 
categories could be relatively intrinsic, unchangeable biological characteristics (Pattij et 
al, 2005). In support of this assumption, copulating rats have higher levels of serotonin 
in the para-gigantocellular nucleus located in the lumbar region of the spinal cord and 
in the lateral hypothalamic area (reviewed in de Jong et al, 2006), increased availability 
of dopamine in the medial preoptic area of the hypothalamus (MPOA, Dominguez & 
Hull, 2005), reduced ratio of immunoreactive cells to androgen receptors (AR) in the 
postero-dorsal amygdala (MePD) and a lower ratio of immunoreactive neurons to 
α oestrogenic receptors (αER) in the anterior dorsal nucleus of the medial amygdala 
(MeAD) (Hull & Dominguez, 2007). Other observations in copulator vs. non-copulator rats 
include an increased number of immunopositive αER neurons in the MPOA, increased 
activity of the enzyme aromatase in the medial preoptic nucleus (MPN; (Portillo et 
al., 2006, 2007) and increase in the neuronal recruitment for sexually relevant odors 
in the bed nucleus of the stria terminalis (BNST) and the MPOA (Portillo et al, 2013).

Sexual behavior, however, depends not only on the traditionally studied actions of neural 
structures related to the motivation and implementation of sexual and reproductive 
behavior but also on contributions from the neural structures responsible for processing 
sensory information (Georgiadis, 2012; Georgiadis & Holstege, 2005; Ruytjens et al., 
2007) Supporting the latter view, Portillo et al., (2013) reported an increase in neuronal 
recruitment in the Accessory Olfactory Bulb (AOB) and the Primary Olfactory System 
(AOS) of copulator mice in response to sexually relevant odors. Contreras & Ågmo 
(1993) showed that anesthetizing and denerving the penis disrupts the expression of 
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copulatory motor patterns. In particular, rats with anesthesia of the balano-preputial 
groove region (BPG) showed a decrease in the number of mounts and intromissions; 
those with denervation of the dorsal branch of the pudendal nerve displayed fewer 
mounts and intromissions, and those both anaesthetized and denerved were able to 
mount but did not show the intromission pattern when paired with receptive females. 
None of the subjects in these three experimental groups reached ejaculation. Recent 
data has shown that the mechano-sensory information from external male sex organs, 
in addition to contributing towards the expression of male copulatory behavior, allows 
for the organization of the motor patterns underlying copulatory behavior (Pavlou et 
al., 2016). Therefore, differences in the expression of copulatory motor patterns observed 
among different categories of male rats could also reflect differences in the morpho-
physiology of the somatosensory system associated with the external genitals.

The somatosensory information generated by mechanical stimulation of the external 
genitals is sent to the primary somatosensory cortex (S1; Cazala et al., 2015), through a 
tri-synaptic pathway involving the dorsal column and the medial lemniscus. In the S1 
of rats, representation of the body is formed by cytoarchitectonic modules of various 
sizes, called barrels. The relative size of these representations is positively correlated with 
the functional importance of the represented body segment (Purves, 1988). Although an 
anatomical representation of the genitals has not yet been described in S1 (see results 
below), recent electrophysiological studies indicate that the genital representation in the 
rat is located on the ventral portion of the trunk representation in the somatosensory 
cortex and extends into the representation of the proximal segments of the anterior 
and posterior extremities (Lenschow et al., 2015).

In this study, we assessed the relationship between the different copulatory categories 
and the size of the genital representation in the primary somatosensory cortex in rats. 
Different copulatory categories are predicted to show systematic differences in the size of 
the genital representation in S1. In particular, we hypothesize the following: 1) copulator 
rats have larger genital representations than non-copulator ones, and 2) trained animals 
(<1200s), that show only short and intermediate ejaculation latencies, have the largest 
representation among the various copulatory categories.
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2. Materials and methods

2.1 Experiment 1: Mapping cortical representation of genitals in male rats
2.1.1 Animals
Experiments were conducted with naïve adult male Wistar rats (n=19; divided in 4 
groups) weighing 300-400g, born and raised in the animal facilities of the Instituto de 
Investigaciones Biomédicas (IIB) at the Universidad Nacional Autónoma de México (UNAM). 
Animals were housed individually in acrylic cages (46cm x 32cm x 20cm), supplied 
with standard rodent food pellets and water ad libitum, and kept in temperature and 
humidity- controlled rooms set at 21 ± 1°C. The rooms were subjected to a reverse 
light-dark cycle 12:12 (lights off from 8:00 to 20:00 hrs.). All animal procedures have been 
approved by the local animal rights committee at IIB, UNAM and follow the guidelines 
of the NIH guide for the care and use of experimental animals.

2.1.2 Mapping technique
To locate and map the genital representation in the primary somatosensory cortex (S1), 
we divided the rats into 4 experimental groups:

Group 1: Tactile stimulation of whiskers--Mechanical stimulation protocol to locate 
brain areas
The animals (n=4) were in their home box when they received somesthetic 
stimulation while awake and allowed to behave freely. The right side of their whiskers 
was mechanically stimulated with a small bristle brush (Rodin No.14) by rubbing 
continuously for 20 minutes (Protocol adapted from (Filipkowski et al., 2000). Thereafter, 
stimulation was discontinued and the animals were allowed to freely move in their home 
box for approximately 40 minutes after stimulation. The subjects were euthanized one 
hour after the start of the experiment. This period of time has been shown to achieve 
the highest expression of c-Fos, an early expression protein that indicates neuronal 
activation, after applying sensory stimulation (Morgan & Curran, 1991). The rats were 
then euthanized by applying a lethal dose of sodium pentobarbital (50 mg/kg of body 
weight), administered via intra peritoneal injection (i.p.), and were then intracardially 
perfused with 0.15M sodium chloride (300 ml) and paraformaldehyde (PFA, 4%, 300 
ml) diluted in phosphate buffer (PB; 0.1M, pH 7.4). The brains were removed and both 
cerebral cortices were dissected and flattened between two glass slides, separated by 2 
mm, and post-fixed for 2 hours in the same fixative, PFA. After this period, the cortices 
were kept in PB at 4°C until processed.
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Group 2: Tactile stimulation of whiskers under anesthesia conditions--Mechanical 
stimulation protocol control
Animals (n=3) were anesthetized with sodium pentobarbital (40mg/kg) administered 
intraperitoneally. Once anesthetized, the right side of their whiskers was mechanically 
stimulated with a small brush by continuous rubbing for 20 minutes. Subjects were 
euthanized after 40 min, and brain samples were collected as described previously for 
group 1.

Group 3: Tactile sensory stimulation of genitals--Stimulation technique to locate 
genital representation area in S1
The animals (n=9) received somesthetic stimulation when awake and behaving 
freely. They were mechanically stimulated in the genital region with a bristle brush for 
20 minutes. Subjects were euthanized after 40 min, and brain samples were collected 
as described previously for group 1.

Group 4: Tactile sensory stimulation of genitals under anesthesia--Genital location 
technique control
We used the same technique used in group 2 to anesthetize the animals (n=3). Once 
anesthetized, they were mechanically stimulated in the genital region with a bristle brush 
by continuous rubbing for 20 minutes. The animals were euthanized one hour after the 
start of the experiment and brain tissues were collected as described for group 1.

2.1.3 c-Fos Immunohistochemistry and cytochrome oxidase histochemistry
To locate the neuronal activity resulting from the tactile stimulation in the body map 
on S1, we performed a double staining protocol on the cerebral cortices that had 
been collected. The following protocols were used. The cerebral cortices were cut 
(50μm) horizontally in a vibratome (Leica VT1000S Vibrating Blade Vibratome, Leica 
Microsystems) and the slices were collected individually in 24 culture-well boxes filled 
with PB. Slices were processed using a flotation immunocytochemistry protocol for c-Fos. 
The sections were incubated with polyclonal primary antibodies obtained from rabbit 
and directed against human c-Fos (Santa Cruz, 1: 8000 in PB) for 1 day at 4 ° C. After three 
washes with PB plus Triton X-100 (0.3 %), the slices were incubated with a secondary 
donkey anti-rabbit immunoglobulin G antibody (1:2500, Millipore) for 90 minutes at 
room temperature. The slices were washed again and incubated with avidin-biotin 
peroxidase complex for 90 minutes at room temperature in accordance with the protocol 
suggested by the manufacturer (Vector). Finally, after three washes in PB, the peroxidase 
activity in the sections was revealed using a solution of 2,2-diaminobenzidine (DAB) 
intensified with nickel for about 2 minutes at room temperature. Upon completion of 
the immunostaining procedure, the sections were counter-stained to reveal the activity 
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of the enzyme cytochrome oxidase, which is a technique used to reveal S1 in rodents 
(Nachlas et al., 1957, cited in Riddle et al., 1992). For this, the sections were incubated in 
a solution containing DAB (1.38 mM), cytochrome C (12.1 μM), sucrose (116.8 mM) and 
catalase (200 μg/ml) for approximately 5 hours at 37°C. After this procedure, the 
sections were mounted on gelatin-coated slides, air-dried and covered with Cytoseal. 
These slides were used to identify the relative location of genital representation in S1 
under bright field microscopy.

2.1.4 Estimating genital representation areas
To estimate the area in S1 occupied by genital representation, digital photomicrographs 
were taken under a 12.5x magnification with a Leica stereomicroscope EZ4 HD. This 
magnification allowed us to locate the site of neuronal activation in the S1 in response 
to the genital stimulation. The area occupied by the activated neurons in the genital area 
was traced along the outer edges of the activation zone with the aid of Image J software 
(NIH). Subsequently, we counted the number of immune-reactive nuclei for c-Fos in the 
genital region using an Olympus microscope DSU, under 40x magnification using Stereo- 
Investigator software (MicroBrightField Inc, Williston, USA). Counting was performed 
serially as the structure of interest is very small (average periodicity 6 sections) with a 
mesh of 300 x 300μm or 110 x 110μm and a frame count of 90 x 90μm, with a guard 
zone of 10% and a 21μm sampling network. Cell nuclei that touched the bottom or left 
lateral limits of the guard zone in our counts were discarded from the analysis.

2.1.5 Statistics
Data are presented as Mean ± SEM. The number of activated cells was compared among 
groups using a One-Way ANOVA test followed by the Tukey’s post-hoc test. Frequency 
analyses were used to establish the distribution of genital representation size in the 
animal population.

2.2 Experiment 2: Copulatory behavior assessment
2.2.1 Animals
Sexually naïve male Wistar rats (n=95; 300-400gr, approximately 3 months of age) that 
had been born and raised in the animal facilities of the Centro de Investigaciones y 
Estudios Avanzados (CINVESTAV) were used to conduct the experiments described below. 
Stimulus females (n=65) of the same strain (250-300gr, approximately 3 months of 
age) were brought into estrus by hormonal treatment. They were ovariectomized and 
injected subcutaneously 36-48 h and 4–6 h before the copulatory tests with 50 μg/rat of 
benzoate estradiol (BE) and 1 mg/rat of progesterone (P), respectively. The males were 
housed individually and the females in groups of 4 in acrylic cages (46cm x 32cm 
x 20cm) supplied with standard rodent food pellets and water ad libitum and kept in 
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temperature and humidity-controlled rooms, 21°C (± 1 ºC). The rooms were subjected to 
a reversed light-dark cycle 12:12 (lights off from 10:00 to 22:00 hrs.). All animal procedures 
have been approved by the local animal rights committee at CINVESTAV and follow the 
guidelines of the NIH guide for the care and use of experimental animals.

2.2.2 Copulatory characterization
Male copulatory behavior was registered in six training tests (30-minutes), one every 
3rd day, with receptive females during the dark phase of the light-dark cycle. The tests 
were performed in an acrylic arena (60cm x 60cm), where the male was introduced five 
minutes beforehand to a receptive female. Copula arena sawdust was refreshed for every 
sexual encounter in order to prevent previous sex-related odors from interfering with 
natural sexual performance. Females were changed for every encounter. The behavioral 
parameters recorded were number of mounts, intromissions, latencies to first mount 
and first intromission, and ejaculation latency. At the end of the training session 
period, the males were categorized in five groups: short ejaculation latency (<600s, 
n=6), intermediate ejaculation latency (<1200s, n=19), long ejaculation latency (>1200s, 
n=14), copulators with no ejaculation (n=9) and non copulators (n=17), based on their 
performance in six copulatory encounters with ovariectomized receptive females. Males 
that had ejaculated in the last four screening tests were included in the group of 
copulating rats and classified according to their ejaculation latencies. Males that showed 
patterns of mount and intromission but did not ejaculate in any of the behavioral 
tests were assigned to the group of copulators with no ejaculations (NE). Males that did 
not show any sexual behavior in any of the tests formed the non-copulator group (NC).

2.2.3 Mapping of genital cortical representation in sexually categorized males
After the six training sessions and once the animals were classified on the different copulatory 
phenotypes, 6 males of each different group (40 in total) were artificially stimulated in the 
genital region with a bristle brush and euthanized as described in experiment 1. We used 
c-Fos Immunohistochemistry, CO histochemistry and the protocol to estimate the area of 
genital representation in S1, as also described and performed in experiment 1.

2.2.3.1 Statistics
Behavioral parameters data were not normally distributed and are presented as median 
± IQR (interquartile range) and were analyzed using a one-way ANOVA Kruskal-Wallis 
test followed by the multiple comparisons Dunn’s post-hoc test. Frequency analyses were 
used to establish the distribution of the genital representation size in S1 for the animal 
population as done in experiment 1. Spearman’s correlation analyses were performed to 
establish the statistical relationships between the ejaculation latency and the area of 
genital representation in S1.
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3.Results

3.1 There is a functional representation of the external genitalia in S1.
In order to identify and locate t h e  anatomical representation of the genitals in S1, 
anesthetized male rats (n=4) or not (n=9; un-anesthetized) were stimulated mechanically 
on the genitals. As shown in Figure 1, un-anesthetized (awake) rats under free movement 
conditions showed a basal availability of cFos in the corresponding genital representation 
area in S1 (Figure 1B). The availability of cFos in neurons located in the ventral region 
of the trunk’s representation in the S1 relative to the baseline marking, increased in rats 
that were stimulated mechanically on the external genitals under free movement 
conditions (Figure 1C). In contrast, the same region in anesthetized and stimulated 
rats showed a reduced cFos immunopositive cells number (Figure 1D). Additionally, to 
compare the four groups of animals, the number of immunopositive nuclei to c-Fos in 
the area of genital representation was evaluated. The results show significant differences 
(F3,32=8.242, p <0.001) between the animals genitally stimulated without anesthesia (2783 
± 390.7) and the rest of the groups; stimulated genitally with anesthesia (201.2 ± 110.9), 
stimulated vibrissae with anesthesia (354.2 ± 49.31) and stimulated vibrissae without 
anesthesia (904.9 ± 89.31; immunopositive nuclei, Figure 1). 

3.2 There are five copulatory categories identified on the male population studied.
In order to identify the copulatory category of each male of the studied population, 
males were classified based on their copulatory performance of the last four sessions 
since it is known that in general, males ejaculate consistently from the second session 
on (Lucio and Tlachi-Lopez, 2008). Our results show the existence of five categories in 
the population (Figure 2). Male rats that do not copulate (NC) constituted 29% of the 
population. The remaining 71% were classified as copulators: short ejaculation latency 
9% (SEL; 510 ± 38s), intermediate 29% (IEL; 830 ± 34s) and long latencies 18% (LEL; 1507 
± 60s). Males that displayed sexual behavior but do not ejaculate (NE) constituted 14% 
of the population; a male can be considered part of this group if he shows mounts and 
intromission patterns but did not ejaculate in any of the copulatory tests/training 
sessions. Finally, there were no significant differences on most of the copulatory 
parameters registered among phenotypes (Figure 3). The mount latency of the SEL 
and IEL was different from the NE group (Figure 3C), and since this parameter is 
used to measure the level of sexual motivation in rodents, we can assume that the 
NE group may be less motivated to display sexual behavior than the rest of the 
copulating groups.
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Figure 1. Functional representation of the external genitals embedded into the trunk´s representation in 
the S1. The functional representation of the genitals in S1 is located in the ventral region of the trunk´s 
representation of the male rat. (A). Digital photomicrographs showing a representative tangential 
section through S1 of a male rat. Digital photomicrographs showing a representative tangential section 
of the trunk representation immunostained against cFos and counter stained with cytochrome oxidase 
in freely moving rats (B), freely moving rats subjected to tactile mechanical stimulation on their 
external genitals (C) or anesthetized rats subjected to tactile mechanical stimulation on their external 
genitalia (D). Note the increased or decreased amount of cFos labeled cells in the ventral aspect of 
the trunk (T) region in the stimulated, awake behaving rat and in the anesthetized one, respectively, 
as compared with the non-stimulated, awake behaving rat (Insets: 200 μm; red the lowest staining/ 
blue the highest staining intensity). A scale: 0.5 mm, in B, C and D: 1 mm.
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Figure 2. The number of c-Fos positive cells increases on animals under free movement conditions and is 
specific of the area stimulated. Bar graph that presents the estimated mean number of immunopostive 
nuclei to c-Fos (+SEM) in genital sub-representation of S1 under the different experimental conditions. 
Genitally stimulated without anesthesia (Genital stimulation -An) and the rest of the groups; genitally 
stimulated with anesthesia (Genital stimulation +An), stimulated vibrissae with anesthesia (Vibrissae 
stimulation +An) and stimulated vibrissae without anesthesia (Vibrissae stimulation -An)). Significant 
differences: ** p=0.003

Figure 3. Bar graphs illustrating the copulatory categories identified among the population of male 
rats studied in terms of their ejaculation latency (median ± IQR). One-Way ANOVA Kruskal-Wallis 
test; F(2,53)=46.74, p <0.001; Dunn’s multiple comparisons Post hoc test: ** p <0.01; *** P <0.001. SEL: short 
ejaculatory latency; IEL: intermediate ejaculatory latency; LEL: long ejaculatory latency; NE: (copulators) 
non-ejaculator; NC: non-copulator.
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Figure 4. Bar graphs that illustrate the mount (A) and intromission (B) number; mount (C) and 
intromission (D) latencies, (median ± IQR) in copulator rats. Mount latency of males with a SEL and 
IEL differs significantly of those that copulate but do not ejaculate. SEL: short ejaculatory latency; 
IEL: intermediate ejaculatory latency; LEL: slow ejaculatory latency; NE: (copulators) non-ejaculators. 
Non-copulator male rats are also depicted for reference. One-Way ANOVA Kruskal-Wallis; Dunn’s 
multiple comparisons Post hoc test: * p <0.05

3.3 The area occupied by activated neurons in the S1 in response to mechanical stimulation of 
the external genitals differs among male rats according to their ejaculation latency
In order to determine the size of the cortical representation of genitals in adult 
male rats evaluated and sexually categorized, and establish the relationship between 
it with their copulatory performance, the genitals of the rats were stimulated 
mechanically. After the stimulation assays, rats were euthanized and perfused and 
their brains processed to detect changes in the availability of cFos in S1 labeled 
cytochrome oxidase. As illustrated in Figure 4, all rats showed stimulated nuclei for 
immunolabelling cFos in the ventral region of the trunk’s cortical representation in 
the S1, although the number of these nuclei and the relative area occupied by them 
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varied depending on copulatory category to which each animal belonged (Figure 5). 
In general terms animals with the SEL and IEL copulatory phenotypes had larger 
genital cortical representations in the S1 when compared with those who showed 
SEL, NE and NC phenotypes.

Figure 5. The relative area of the genital cortical representation on S1 differs among rat males 
belonging to different copulatory categories A. Digital photomicrograph showing a representative 
tangentialsection of SI in a male rat. Digital photomicrographs showing representative tangential 
sections of the trunk´s representation immuno-stained against cFos and counter stained with 
cytochrome oxidase in stimulated, awake behaving intermediate ejaculatory latency (IEL; B), long 
ejaculatory latency (LEL; C) and non-copulators (NC; D) male rats. Note that the IEL male rat shows 
an increased amount of cFos labeled cells in the ventral aspect of the trunk region as compared with 
LEL and NC male rats (Insets: 200 μm; red the lowest staining/ blue the highest intensity). A scale: 0.5 
mm, in B, C and D: 1 mm.
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Figure 6. The % of the genital representation in the trunk´s S1 varies according to the male rats 
copulatory phenotype. The relative percentage of cortical area occupied by the genital representation 
varies according to the male rats’ copulatory category. A. Graph depicting the relative percent area 
occupied by the genital representation in short ejaculatory latency (SEL); intermediate ejaculatory 
latency (IEL); long ejaculatory latency (LEL); non-ejaculator (NE) and non-copulator (NC) male rats. 
B. Linear regression graph depicting the Spearman´s correlation between the relative percentage of 
cortical area occupied by the genital representation and the ejaculation latency (Pearson, r = -0.817, p 
<0.001).
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4. Discussion 

Copulatory behavior in male rats can be categorized. Although this variation is presumed 
to be associated with biochemical differences observed in neuronal groups involved in 
the regulation of sexual behavior between animals belonging to different copulatory 
categories, it is likely that they also may reflect differences in the anatomical and 
functional organization of the sensory systems participating in the regulation of sexual 
and reproductive behaviors. In support of this last concept our results show differences 
in the cortical neuronal recruitment between rats belonging to different copulatory 
categories. These differences are reflected in the area occupied by neuronal groups (i.e., 
genital representation) that respond to general sensory stimulation in S1. Thus, those 
copulator animals that showed short and intermediate ejaculatory latencies (SEL, IEL) 
had the larger genital cortical representations. In contrast, copulator rats that showed 
long ejaculation latencies (LEL), non-ejaculatory latencies and non-copulators (NE, 
NC), had smaller genital representations. Differences in the process of sensory neuronal 
recruitment were also observed in the olfactory system between copulators and non-
copulators male rats when exposed to sexually relevant odors, copulatory animals showed 
a higher number of cell nuclei positive for cFos in the accessory olfactory bulb and 
in supplemental areas of the olfactory pathway such as BNST and MPOA (Portillo et al., 
2013). Taken together, these results support the notion that differences in the expression 
of copulatory behavior observed between male rats actually reflect morpho-functional 
differences in sensory pathways. In addition, our data suggest these morpho-functional 
distinctions even may underlie the observed differences between the different categories 
of copulator rats.

The documented differences in the relative size of the cortical genital representation 
in S1 among males grouped in different copulatory categories lead to reflection on the 
originating mechanisms. Although these mechanisms are still unknown, they are likely 
to reflect events or changes in prenatal and postnatal developmental trajectories. For 
example, it is known that maternal genital grooming favors the maturation process 
of neural groups related to copulation control (Lenz & Sengelaub, 2006, 2010; Moore, 
1992). It is also recognized that genital grooming may determine copulatory behavior 
in males such that those most stimulated in the early postnatal period express a more 
consistent copulatory behavior in adulthood (Lenz & Sengelaub, 2010; Moore, 1992). 
With this in mind, it could be  argued that males with short and intermediate 
ejaculatory latencies have been cleaned more by their mothers than those who show 
long ejaculatory latencies, those who copulate but do not ejaculate and those who 
do not copulate at all. The area occupied by functional representations in the cerebral 
cortex can be modulated by an inhibitory tone via a local GABAergic circuitry (ie, 
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lateral inhibition, Derdikman et al., 2003; Griffen & Maffei, 2014; Lehmann et al., 2012; 
Porter & Nieves, 2013; Sato et al., 2008). When the tone of the lateral inhibition is high, 
the functional representation area of the activated territory in response to a mechano-
sensory stimulus applied in a specific segment of the body will be diminished (Porter 
& Nieves, 2013). The opposite is obtained when the inhibitory tone is low (Moore et 
al., 1999). Thus, differences observed in the size of the area occupied by cortical genital 
representations in anima ls showing different copulatory categories could also reflect 
categorical differences in the morphology of GABAergic interneurons (e.g. inhibitory 
tone), possibly acquired during pre- developmental and postnatal conditions associated 
or not with the intensity of maternal care (e.g. grooming; Lenz & Sengelaub, 2010). The 
relative size of the representations of the body map contained in S1 reflects, in part, the 
density innervation of the body segments, which they represent (Purves, 1988). Thus, 
mechano-sensory organs such as whiskers that have a high innervation density are 
overrepresented in S1. Therefore, it would be possible for genital organs in copulator rats 
that have short and intermediate ejaculation latencies to ensure a greater degree of 
innervation than those copulators with a long ejaculatory latency, non-ejaculators, and 
non-copulators (Rowland et al, 1997; 1998; Rowland et al., 2000; Xin et al., 1996).

Finally, a fourth possibility that might explain the reported findings is related to 
differences in threshold response and ease of recruitment of peripheral nerve fibers that 
innervate the genitals in rats of different copulatory categories (Kohno et al., 2003). A 
low threshold response associated with high peripheral recruitment would facilitate the 
activation of a greater number of neurons in the genital representation contained in S1; 
the opposite would be observed in the contrary conditions. The categorization described 
here suggests the existence of at least five different expressions of copulatory behavior in 
male rats. These categories are different from those reported in previous work suggesting 
the existence of two, three (Larsson, 1961, Alexander et al., 1993, De Gasperín-Estrada et al., 
2008) or up to four categories (Pattij, 2005; Olivier et al., 2006). Differences in the number 
of categories reported in the different studies could reflect biological distinctions between 
strains and different facilities conditions (eg, nutrition, stress levels), experimental design 
(eg, duration of training, duration of copulation tests, absence or presence of sensory cues 
indicating competition risk in the copulatory spheres) and the selection criteria of males 
incorporated in the study (eg, extra-long latency copulation rats are usually discarded 
from the studies, Ferreira-nuño et al., 2010; Olayo-Lortia et al., 2014).

In a recent study the representation of the genitals in the male rat was mapped by 
electrophysiological procedures. In this study, it was proposed that the cortical genital 
representation in S1 occupies an area that extends from the ventral portion of the trunk 
representations to the representations of the anterior and posterior limbs. In our study, 
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the area occupied by genital representation comprises a fraction of the ventral area of 
the trunk representation. The discrepancy of the extension of the genital representation 
between the two studies could be due to the fact that the morpho-functional mapping 
performed in our study was done in animals in wakefulness and free movement, 
whereas in the Lenschow et al. (2015) study, animals were recorded under urethane 
anesthesia. Anesthetics are known to decrease the tone of lateral inhibition by producing 
an expansion of the body segments representations stimulated under these conditions 
(Buonomano & Merzenich, 1998). Despite the differences between the studies reviewed, 
the relative anatomical location of the cortical genital representation in S1 reported by 
us and by Lenschow et al. (2015), is consistent with that suggested for monkeys and 
humans ( Kakigi et al., 2000; Penfield, Wilder & Jasper, 1954; Penfield & Rasmussen, 1950; 
Rothemund et al., 2002) 
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5. Conclusions 

1)  There is an anatomical and functional representation of the external genital organs 
in the primary somatosensory cortex (S1) of the male rat. This is located in the 
ventral region of the trunk representation, near the appearance of the posterior limb 
representation.

2)  Five copulatory categories were identified based on the latency of ejaculation.
3)  The functional area occupied by neurons activated 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.
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Abstract 

Serotonin (5-HT) plays a key role in male sexual behavior. In general, a decrease in 
serotonin function facilitates, while an increase inhibits sexual behavior. Most basic 
research on the role of serotonin in sexual functioning has been performed in rats. 
The serotonin transporter (SERT) knockout (SERT-/-) rat was created in 2006, and the 
availability of this model provides a unique possibility to study the SERT gene function 
and its absence on consequences in sexual behavior. We elaborated on a previous study 
that investigated the effects of reduced or total loss of SERT gene function in male rat 
sexual performance. SERT+/+, SERT+/- and SERT-/- male rats were assessed in a 30-minute 
weekly sexual performance test, for six weeks. In a large cohort, we confirmed that 
SERT-/- rats have a significant lower expression of sexual performance and showed that 
this phenotype was already present in very early stages and could not be compensated 
with extensive sexual experience. Specifically, the number of ejaculations, mounts and 
intromission ratio were significantly lower in SERT-/- rats compared with SERT+/+ and 
SERT+/- rats. SERT+/- rats did not differ from SERT+/+ rats in the expression of sexual 
behavior. The decrease in sexual performance of SERT-/- rats strongly resembles sexual 
dysfunction induced by chronic administration of selective serotonin reuptake inhibitors 
(SSRIs) in male rats. In conclusion, SERT-/- rats may serve as an animal model to study 
sexual dysfunction in men induced by SSRIs.

Key words: serotonin, serotonin transporter, male sexual behavior, sexual dysfunction, serotonin 
transporter knockout rat, selective serotonin transporter inhibitor, serotonergic dysfunction, gene 
function, rodent models, chronic SSRI administration
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1. Introduction

The role of serotonin in sexual behavior has been widely studied and it is established 
that this neurotransmitter is highly involved and plays a modulatory role in sexual 
behavior (de Jong et al., 2006; Hull et al., 1999; Hull et al., 2004; Rowland et al., 2010; 
Uphouse & Guptarak, 2010). Disturbances in serotonergic neurotransmission can lead to 
sexual behavior difficulties in males, e.g. with a high prevalence of ejaculatory disorders 
(Higgins, Nash, & Lynch, 2010; Shankar, 2014; Waldinger, 1998). Selective serotonin 
reuptake inhibitors (SSRIs), blocking the reuptake of serotonin (5-HT) through the 
serotonin transporter (SERT), increase the availability of serotonin in the synaptic cleft 
(Chan et al., 2011; Stahl, 1998). This acute increase comes along with different sexual side 
effects that have been attributed to the gradual desensitization of 5-HT1A and 5-HT2C 
receptors (El Mansari & Blier, 2005; Le Poul et al., 1995; Snoeren et al., 2014). The chronic 
use of SSRIs usually results in a set of complaints from male users centering around the 
increase in the ejaculation threshold; which translates in a delayed ejaculation latency or 
sometimes even absent ejaculation, associated with a reduction in sexual desire (Balon, 
2006; Hirschfeld, 2003; Rubio-Casillas et al., 2015; Waldinger et al., 1998). 

Studies in rats show that when SSRIs are given chronically, sexual behavior is disturbed 
and the amount of stimulation needed to reach ejaculation might be increased (Chan et 
al., 2010; de Jong et al., 2005). The use of animals with genetically modified SERT (SERT+/-, 
SERT-/-) has given the opportunity to study what the consequences are of part (50%) or 
full (100%) absence of serotonin transporters in rats (Homberg et al., 2007). In previous 
studies by Chan et al. (2011), it was hypothesized that these genetically modified animals 
would 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). 
The study of Chan et al. (2011) showed that in fact, homozygous SERT-/- animals with 0% 
expression of wildtype SERT levels have altered sexual behaviors and 5-HT1A receptor 
function. 

During a period of 2 years, our research group has been constantly training and testing 
sexual behavior of normal (SERT+/+) and serotonin transporter knockout (SERT+/- and SERT-/-) 
male rats in pharmacological experiments on sexual behavior (Esquivel-Franco et al., 2018). 

In our research we used wildtype (SERT+/+), homozygous (SERT-/-) and heterozygous 
(SERT+/-) knockout rats; the latter two express 0% and 50% of wildtype SERT levels, 
respectively (Homberg et al., 2007). The decrease in the expression of SERT levels correlates 
with the percentage binding to SERT sites when SSRIs are chronically administered in 
humans (Kugaya et al., 2003). It has been previously shown that at least at the molecular 
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level these genotypes have different availability of serotonin, knockout animals have 
minimal 5-HT tissue levels, reduced depolarization-induced 5-HT release and amplified 
basal extracellular 5-HT levels (Homberg et al., 2007). Regardless of the reduction in SERT 
protein, 5-HT tissue levels in the SERT+/- rats are not different from SERT+/+ rats (Homberg 
et al., 2007). On the behavioral side, SERT-/- rats show increased anxiety and depression-
like behaviors (Olivier et al., 2010; Olivier et al., 2008; Rothman et al., 2003). 

In our present study, we compared the sexual behavior data (collected over 2 years of 
experimentation) from all six 30-minute sexual behavior sessions of experiments ran 
with SERT-/- and SERT+/- rats together with wildtype (SERT+/+) as controls. Our results 
replicate previous findings, but are extended because we compared behavior between 
the three different genotypes in a large cohort of animals. We showed that the reduced 
sexual behavior phenotype in SERT-/- rats is already present at an early stage during the 
training sessions and could not be compensated by extensive sexual experience.

In our present study, we compared the sexual behavior data (collected over 2 years of 
experimentation) from all 6 30-minute sexual behavior sessions of experiments ran with 
SERT-/- and SERT+/- rats together with wild-type (SERT+/+) as controls. 
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2. Materials and methods

2.1 Animals
The SERT knockout rat (SIc6a41Hubr) was generated by target-selected ENU-induced 
mutagenesis (for details, see Smits et al.(Smits et al., 2006)). Wistar rats were bred in our 
animal facility (University of Groningen) by crossing SERT+/- males and SERT+/- females, 
which resulted in male and female SERT+/+, SERT+/- and SERT-/- rats. We used male SERT+/+, 
SERT+/- and SERT-/- rats of at least 12 weeks old to perform sexual behavior experiments. 
Female SERT+/+ and SERT+/- offspring were used as sexual stimulus animals. Animals were 
housed under reversed dark-light conditions (12h light: 12h dark, lights off from 8:00 AM 
to 8:00 PM). Animals were socially housed (2-5 per cage, maximum 4 for males). Wooden 
gnawing blocks and nesting material were provided for cage enrichment. Rats had ad 
libitum access to food and water. All experiments were performed in accordance with 
the governmental guidelines for care and use of laboratory animals (Central Committee 
Animal Testing). All efforts were made to minimize the number of animals and possible 
suffering.

2.2 Female rats
The females had double tubal ligation to prevent pregnancies. For surgery, females were 
anaesthetized (Isoflurane) and given pain relief subcutaneously (Fynadine, 0.1mg/100g) 
right before surgery and 24 and 48 hours after surgery. Females were at least 12 weeks 
old when surgery was performed, and had two weeks of recovery before they were made 
intentionally receptive with estradiol (50 μg in 0.1 ml oil, S.C., 36-48 hours before the test) 
for the sexual behavior tests. Females were used once in two weeks and not more than 2 
times per experimental day. 

2.3 Sexual behavior tests
After 6-weekly sexual behavior tests (30 min/test), male rats were considered sexually 
trained as shown earlier(Chan et al., 2008; Olivier et al., 2006; Pattij et al., 2005). A total 
of 229 animals (97 SERT+/+, 62 SERT+/- and 70 SERT-/-) rats were habituated for 10 minutes 
in the testing arena right before a sexual behavior session. At the end of the habituation 
period a receptive female was introduced in the arena and sexual behavior was evaluated 
for 30 minutes. Not-receptive females were swapped for a different receptive female 
within 5 minutes. Testing occurred in wooden rectangular (57 cm x 82 cm x 39 cm; glass 
wall) testing boxes filled with regular bedding material that was not changed during 
testing to preserve pheromones of previous rounds and to create a more competitive 
sexual environment. All behavior during the 30-minute test was video-recorded after the 
introduction of the female and was also live scored for number of ejaculations (all six 
weeks). Apart from the number of ejaculations (E) in 30 min, the following parameters of 
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the first ejaculation series were deduced (Chan et al., 2011): number of mounts (M), number 
of intromissions (I), latency (s) to first mount (ML), latency (s) to first intromission (IL) 
and latency (s) to the first ejaculation (EL) but only for week 2,3 and 6. After ejaculation, 
the post ejaculatory interval (PEI) was calculated, using the time from the first ejaculation 
and the time of the first mount/intromission (whatever occurred first) of the second 
ejaculation series. Intromission Ratio (IR) was calculated as: IR = (#I/ (#I + #M)) * 100%. 
EL was calculated using the time from the first ejaculation series minus the intromission 
latency of the first ejaculation series. We depicted weeks 2, 3 and 6 in order to have a good 
comparison of behavior from the beginning to the end. All sexual behavior sessions and 
experiments were performed under red light conditions between 10AM and 5 PM

2.4 Statistical analyses
All data were normally distributed and analyzed with parametric tests, performing 
two-way ANOVA and Dunn post hoc test (among groups) and one way-ANOVA and 
Bonferroni post-hoc statistical analysis (within group) to analyze the data. All data were 
analyzed using GraphPad Prism software 6.0 (Graph Pad Software Inc., La Jolla, USA). 
Level of significance was set at p < 0.05. Parametric data are expressed as mean ± SEM.
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3. Results

3.1 Sexual stability in ejaculation frequency
The sexual performance of the animals became stable in the course of the six sexual 
behavior sessions period. During this period, the number of ejaculations was scored and 
animals showed stable ejaculatory behavior after approx. 3 consecutive tests (fig. 1 and 
2; Table 1 and 2). The ejaculation frequencies of SERT+/- animals are never significantly 
different from the SERT+/+ rats, however SERT-/- rats had significantly lower ejaculation 
frequencies over time when compared to SERT+/+ (F(5, 572) = 8.19; p< 0.001) and SERT+/- (F(5, 

362) = 4.31; p< 0.001) rats; these differences among genotypes are seen from the second 
sexual behavior session onwards. During the subsequent tests, most animals increased 
the number of ejaculations (figs. 2 and 3). In the first test more than 60% of all animals 
did not ejaculate. SERT+/+ and SERT+/- rapidly increased their ejaculations to an average of 
1 to 2 per test. Approx. 20% of SERT-/- animals did never ejaculate during any test, whereas 
this was much lower (around 5%) in SERT+/+ and SERT+/- rats. In the final 3 tests (week 
4-6) the level of ejaculation numbers was stable. SERT+/+ and SERT+/- rats did not differ at 
this measure, the SERT-/- rats stabilized at approx. 50-60% of this level.

Fig 1. Distribution and development of the number of ejaculations of male rats (mean frequency of 
ejaculations ± SEM per test) tested weekly over 6 weeks (total n=229; SERT+/+ n=97, SERT+/- n=62 and 
SERT-/- n=70). *: p< 0.05 compared to SERT+/+ and SERT+/-.
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Table 1: Ejaculation frequency over 6 training weeks of male SERT+/+, SERT+/- and SERT-/- Wistar rats, 

within group analysis. 

 Week

SERT 1
Mean ± 

SEM

2
Mean ± 

SEM

3
Mean ± 

SEM

4
Mean ± 

SEM

5
Mean ± 

SEM

6
Mean ± 

SEM

One way-ANOVA 

+/+ 0.59±0.10 1.15±0.12
A

1.79±0.14
A,B

2.05±0.13
A,B

2.04±0.13
A,B

1.72± 0.14
A,B

F (5, 572) = 8.19; P < 0.001

+/- 0.54±0.10 0.83±0.14 1.48±0.15
A,B

1.71±0.17
A,B

1.68±0.17
A,B

1.50±0.17
A,B

F (5, 362) = 4.31; P < 0.001

-/- 0.17±0.05 0.10±0.04 0.40±0.08 0.87±0.13
A,B,C

0.76±0.12
A,B

0.93±0.13
A,B,C

F (5, 400) = 15.37; P < 0.001

Table 1: Ejaculation frequency over 6 training weeks of male SERT+/+, SERT+/- and SERT-/- Wistar rats, 

within group analysis. A= Significantly (P<0.05) different from week 1. B= Significantly (P<0.05) different 

from week 2. C= Significantly (P<0.05) different from week 3. 

Table 2: Ejaculation frequency over 6 training weeks of male SERT+/+, SERT+/- and SERT-/- Wistar rats, 
analysis among groups.

 Week

Comparison 1 2 3 4 5 6 2-way ANOVA

+/+ vs +/- ns ns ns ns ns ns F (2, 1334) = 89.25; P < 0.001

+/+ vs -/- ns P<0.001 P<0.001 P<0.001 P<0.001 P<0.01

+/- vs -/- ns P<0.05 P<0.001 P<0.01 P<0.01 ns
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Fig 2. Weekly distribution of animals and ejaculation frequencies (total n=229; SERT+/+ n=97, SERT+/- 
n=62 and SERT-/- n=70) over the 6 sexual behavior weeks. 0*: animals that did not reach ejaculations 
in any sexual behavior test. 
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Fig 3. Percentage of animals and number of ejaculations per week (total n=229; SERT+/+ n=97, SERT+/- n=62 
and SERT-/- n=70) over the 6 sexual behavior weeks. 
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3.2 Sexual parameters during week 2, 3 and 6
To make this paragraph more readable we moved the statistics to tables 3 and 4. During 
the three sexual behavior sessions of which all sexual behavior was scored, differences 
were found in various sexual parameters. The number of ejaculations (fig. 4a) was 
significantly higher in week 6 for all genotypes (table 4), but significantly lower for SERT-

/- animals at week 2 (p<0.001) , 3 (p<0.001) and 6 (p<0.001) compared to SERT+/+ rats., as to 
SERT+/- in week 2 (p<0.01), week 3 (p<0.001) and week 6 (p<0.05).In line with this data, the 
ejaculation latency (fig. 4d) for all genotypes was significantly reduced in week 6 (see 
table 3), although for SERT-/- this latency was still significantly higher compared to SERT+/+ 
animals at week 2 (p<0.001), week 3 (p<0.001) and week 6 (p<0.001) as well as compared to 
SERT+/- rats in week 2 (p<0.01) and week 6 (p<0.01). The number of mounts (fig. 4b) did not 
differ among genotypes and sexual performance weeks, but the latency of this parameter 
(fig. 4e) was significantly higher in SERT-/- rats, that displayed a higher latency in week 
2 (p<0.01) and week 3 (p<0.01) compared to SERT+/+ rats and in week 3 (p<0.05) compared 
to SERT+/- rats. The number of intromissions (fig. 4c) was only lower for SERT-/- animals 
compared to SERT+/+ in the second week (p<0.01), for the remaining weeks it was only 
different among SERT-/-, whereas the intromission latency (fig. 4f) was decreased in all 
three genotypes in week 3 compared to week 2 (see table 4) and only for SERT+/+ and 
SERT+/- in week 6 (see table 4).but higher for SERT-/- compared to SERT+/+ in weeks 2 
(p<0.001) and 3 (p<0.05) and compared to SERT+/- in week 3 (p<0.01). In the post-ejaculatory 
interval (fig. 4g), animals showed no significant differences between genotypes and sexual 
experience over weeks; the intromission ratio (fig. 4h) was significantly different for all 
genotypes at week 6 (see table 4), for SERT+/+ animals it was slightly but significantly 
decreased, whereas for SERT+/- and SERT-/- it was significantly increased compared to 
week 2. In weeks 2 (p<0.001) and 3 (p<0.01) SERT-/- had a lower intromission ratio than 
wildtype rats. Also, in week 2 (p<0.001) SERT+/- rats had a significant lower IR compared 
to SERT+/+ rats.
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Fig 4. Sexual behavior of male rats (total n=229; SERT+/+ n=97, SERT+/- n=62 and SERT-/- n=70) during 
the sexual behavior sessions of weeks 2, 3 and 6. Data are given as mean ± SEM. The number and 
latency of ejaculations per 30 min (a, d), number and latency of Mounts (b, e), number and latency 
of Intromissions (c, f), post-ejaculatory interval (g) and Intromission ratio (h) of the first Ejaculation 
Series are given. Detailed statistical analyses (ANOVA repeated measures) are shown in Tables 3 and 
4. a: significant difference (p<0.05) compared to SERT+/+. b: significant difference (p<0.05) compared to 
SERT-/- *: significant difference compared to week 2 (p<0.05).
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Table 3: Sexual Behavior performance of training weeks 2, 3 and 6 of male SERT+/+, SERT+/- and SERT-

/- Wistar rats, within group analysis. 

Week 2 3 6 One way ANOVA test 
significance

Parameters measured Mean ±SEM Mean ±SEM Mean ±SEM

# E SERT+/+

SERT+/-

SERT -/-

1.15±0.12

0.83±0.14

0.10±0.04

1.79±0.14
A

1.48±0.15

0.40±0.08

1.72±0.14
A

1.50±0.17
A

0.93±0.13
A

F (2, 286) = 6.37; P = 0.002

F (2, 181) = 5.89; P = 0.003

F (2, 200) = 20.10; P < 0.001

# M 1st series 
SERT+/+

SERT+/-

SERT -/-

14.98±1.21

15.60±1.74

15.96±1.83

13.29±1.00

13.69±1.21

18.39±2.28

14.77±1.11

12.15±1.14

18.52±1.57

F (2, 286) = 0.68; P = 0.505

F (2, 181) = 1.51; P = 0.222

F (2, 200) = 0.55; P = 0.573

# I 1st series 
SERT+/+

SERT+/-

SERT -/-

7.47±0.54

6.12±0.67

3.98±0.60

8.76±0.55

8.64±0.71

8.04±0.95
A

7.68±0.44

7.98±0.74

7.27±0.79
A

F (2, 286) = 1.77; P = 0.170

F (2, 181) = 3.39; P = 0.035

F (2, 200) = 7.44; P = 0.001

Latency 1st E (s) 
SERT+/+

SERT+/-

SERT -/-

1132.00±64.61

1354.00±72.62

1770.00±15.56

899.80±65.72

970.60±80.30
A

1582.00±51.45

781.40±67.03
A

885.30±82.32
A

1277.00±73.78
A

F (2, 286) = 7.351; P < 0.01

F (2, 181) = 10.15; P < 0.001

F (2, 200) = 23.12; P < 0.001

Latency 1st M (s)
SERT+/+

SERT+/-

SERT -/-

206.80±47.66

294.30±77.24

484.20±84.27

99.82±32.02

121.90±46.56

394.40±82.69

73.35±26.63

135.20±40.34

173.80±54.74
A

F (2, 286) = 3.71; P = 0.025

F (2, 181) = 2.81; P = 0.062

F (2, 200) = 4.23; P = 0.015
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Table 3: Continued.

Week 2 3 6 One way ANOVA test 
significance

Parameters measured Mean ±SEM Mean ±SEM Mean ±SEM

Latency 1st I (s) 
SERT+/+

SERT+/-

SERT -/-

541.00±71.87

631.90±93.75

946.70±93.01

261.70±50.36
A

198.50±48.92
A

597.90±85.98
A

226.10±41.13
A

376.03±72.71

381.60±69.50
A

F (2, 286) = 9.459; P = 0.001

F (2, 181) = 8.730; P = 0.001

F (2, 200) = 11.30; P < 0.001

PEI SERT+/+

SERT+/-

SERT -/-

375.00±13.45

374.90±16.58

440.50±37.50

352.10±8.87

381.90±37.17

392.20±15.79

365.10±10.57

403.80±22.05

356.30±52.75

F (2, 175) = 1.09; P = 0.336

F (2, 96) = 0.26; P = 0.768

F (2, 37) = 0.47; P = 0.625

IR1 SERT+/+

SERT+/-

SERT -/-

51.72±4.14

25.47±2.98

12.44±1.69

40.79±2.28

38.56±2.78

25.64±2.74
A

40.39±2.20
A

40.82±2.94
A

28.29±2.60
A

F (2, 286) = 4.58; P = 0.011

F (2, 181) = 8.16; P = 0.001

F (2, 200) = 12.7; P < 0.001

Table 3: Sexual Behavior performance of training weeks 2, 3 and 6 of male SERT+/+, SERT+/- and SERT-

/- Wistar rats, within group analysis. M= Mount; I= Intromission; E= Ejaculation; PEI= post-ejaculatory 
interval; #= number; IR= Intromission ratio = [# intromissions / (# intromissions + # mounts)]*100. A= 
Significantly (P<0.05) different from week 2.
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Table 4: Sexual Behavior performance of training weeks 2, 3 and 6 of male SERT+/+, SERT+/- and SERT-

/- Wistar rats, analysis among groups. 

Week

 
Comparison

2 3 6 2-way ANOVA

# E 
+/+ vs +/-

+/+ vs +/-

+/- vs -/-

ns

p<0.001

p<0.01

ns

p<0.001

p<0.001

ns

p<0.001

p<0.05

F (2, 667) = 20.59; P < 0.001

# M 1st series 
+/+ vs +/-

+/+ vs +/-

+/- vs -/-

ns

ns

ns

ns

ns

ns

ns

ns

ns

F (2, 667) = 0.064; P = 0.937

# I 1st series 
+/+ vs +/-

+/+ vs +/-

+/- vs -/-

ns

p<0.01

ns

ns

ns

ns

ns

ns

ns

F (2, 667) = 11.93; P < 0.01

Latency 1st E (s)
+/+ vs +/-

+/+ vs +/-

+/- vs -/-

ns

p<0.001

p<0.01

ns

p<0.001

ns

ns

p<0.001

p<0.01

F (2, 667) = 31.58; P < 0.001

Latency 1st M (s)
+/+ vs +/-

+/+ vs +/-

+/- vs -/-

ns

p<0.01

ns

ns

p<0.01

p<0.05

ns

ns

ns

F (2, 667) = 9.73; P < 0.01

Latency 1st I (s) 
+/+ vs +/-

+/+ vs +/-

+/- vs -/--

ns

p<0.001

ns

ns

p<0.05

p<0.01

ns

ns

ns

F (2, 667) = 26.56; P < 0.001
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Table 4: Continued. 

Week

PEI 
+/+ vs +/-

+/+ vs +/-

+/- vs -/-

ns

ns

ns

ns

ns

ns

ns

ns

ns

F (2, 308) = 0.56; P = 0.566

IR1 
+/+ vs +/-

+/+ vs +/-

+/- vs -/-

p<0.001

p<0.001

ns

ns

p<0.01

ns

ns

ns

ns

F (2, 667) = 42.74; P < 0.001

Table 4: Sexual Behavior performance of training weeks 2, 3 and 6 of male SERT+/+, SERT+/- and SERT-/- 

Wistar rats, analysis among groups. M= Mount; I= Intromission; E= Ejaculation; PEL= post-ejaculatory 
interval; #= number; IR= Intromission ratio = [# intromissions / (# intromissions + # mounts)]*100. 
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4. Discussion

The importance of serotonin in the expression of male sexual behavior has been 
demonstrated by several studies and modifications in this neurotransmitter activity 
and levels are related either to inhibition (increase of serotonin levels) or facilitation 
(decrease of serotonin levels) of this behavior (Chan et al., 2011; Olivier et al., 2010). In the 
time we trained genetically modified adult male rats (SERT+/+, SERT+/- and SERT-/-), we 
found supporting evidence for this hypothesis, as those males with full availability of the 
transporter (SERT+/+) performed at a higher level of sexual behavior than those without 
it (SERT-/-). No differences between SERT+/+ animals and those with only half of the 
transporter availability (SERT+/-) were found, except for the intromission ratio in week 2. 
The main significant differences were found in the number of ejaculations, where SERT+/+ 
and SERT+/- animals had a higher number of ejaculations compared to SERT-/- animals 
and a lower ejaculation latency over the 6th week sexual behavior period. This increase in 
the frequency and decrease in latency of ejaculation shows that having full availability of 
the SERT facilitates sexual behavior confirming earlier findings (Chan et al., 2011). In the 
first ejaculation series, the number of mounts did not differ among genotypes and sexual 
behavior week, but the mount latency decreased over time in SERT-/- animals, indicating 
that the motivational state of these animals was improving. This is an important outcome 
as this parameter has been considered a motivational measure (Ågmo, 1997; 1999). The 
motivational state to perform sexual behavior may be increased as the animals get trained 
(learning effect). Such a learning effect should become manifest in all three genotypes. 
If the lower level of sexual behavior in the SERT-/- rats is caused by a slower learning of 
sexual ability one would expect that after the extensive sexual experience all rats have 
obtained basal differences between the genotypes would vanish. However, in all cases 
SERT-/- rats display significantly lower sexual levels than SERT+/+ and SERT+/- rats. We 
have previously shown that when SERT-/- rats are exposed to a progressive ratio schedule 
in a self-administration paradigm for cocaine, their self-administration to cocaine is 
higher compared to SERT-/- (Homberg et al., 2008), indicating a higher motivation for 
rewarding properties. Even tough sexual behavior is not similar to cocaine, both are 
rewarding, and it would therefore be interesting to investigate whether differences in 
the sexual motivational state are present as well in SERT-/- rats compared with SERT+/+ 
rats e.g. by performing an unconditioned sexual incentive motivation test (Ågmo, 2003; 
Ellingsen & Ågmo, 2004). Whether the motivation to perform sexual behavior is reduced 
in SERT-/- remains to be established. The number of intromissions increased for the SERT-

/- animals as sexual experience progressed and remained stable for the SERT+/- and SERT-

/- animals; the intromission latency decreased for all genotypes over time, although this 
lacked significance in week 6 for SERT+/- rats. The efficiency to copulate (IR) was low for 
the SERT+/- and SERT-/- animals at the beginning of the sexual behavior tests but over 
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time efficiency increased for both genotypes, although efficiency was only significantly 
decreased at week 6 for SERT+/+ animals. Overall, differences among the three genotypes 
show that SERT-/- animals have a lower basal sexual behavior than the SERT+/+ and SERT+/- 
animals that cannot be compensated with extensive sexual performance (learning effect; 
Olivier et al., 2010). When we compare the ejaculation frequency distribution of the 
different genotypes (SERT+/+ with SERT-/-), it is evident that the ejaculation frequency 
distribution is shifted to the left for animals lacking the transporter, creating a very robust 
and stable phenotype in these rats. 

Differences in sexual performance were evident after the second sexual behavior test, 
compared to the previous study from Chan et al. ( 2011) where the same differences were 
found after the 5th week (test) of sexual behavior and remained stable during the rest of 
the sexual behavior period. Although there is a small increase over time (learning curve), 
SERT-/- rats could never reach the same level of SERT+/+ and SERT+/- rats. In earlier series 
of investigations, Larsson (1956) investigated the influence of learning on the expression 
of sexual behavior, comparing animals with experience and animals without experience. 
He found no differences between these two groups and his conclusion was that sexual 
experience does not determine the changes on behavior once the animals have reached 
the proper age to display sexual behavior. In previous studies from our research group, 
we had also shown that once sexual behavior becomes stable after sexual experience, it 
remains stable over time (up to one year; Esquivel-Franco et al., 2018). Overall, these data 
reaffirm the fact that the effects of the increase of extracellular serotonin levels due 
to mutation in the serotonin transporter cannot be compensated even when extensive 
sexual experience is given (Chan et al., 2011).

It has been shown that SERT-/- animals have less sensitive 5-HT1A receptors, in both 
mouse and rat models (Homberg et al., 2007; Li et al., 1999; Olivier et al., 2008). In animals 
with complete availability of the SERT, chronic administration of SSRIs can cause 
desensitization of the 5-HT1A receptors as well (Blier & De Montigny, 1998). Since it is 
well known that 5-HT1A receptors are involved in sexual behavior (Snoeren et al., 2014; 
e.g. 5-HT1A receptor agonists stimulate sexual behavior), a reduction in 5HT1A receptors 
seen in SERT-/- rats (Homberg et al., 2008) might play a key role in the decreased sexual 
function found in SERT-/- rats. Indeed studies showed altered 5-HT1A receptor sensitivity 
in SERT-/- rats related to sexual performance (Chan et al., 2011). Whether other receptors 
also play a role in the decreased sexual behavior in SERT-/- rats remains to be investigated

Complete absence of the serotonin transporter decreases basal ejaculatory performance 
(Chan et al., 2011), confirming its relevance for normal male sexual function. The lack of 
SERT increases the extracellular levels of serotonin, animals with no transporters have 
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7 times more extracellular serotonin levels than SERT+/+ animals (Olivier et al., 2008). 
This “chronic” increase of extracellular serotonin levels is probably responsible for the 
lower ejaculation frequency, which resembles and can be compared with the chronic 
administration of SSRIs in rats, showing similar effects (Chan et al., 2010; de Jong et al., 
2005; Olivier et al., 2010; Waldinger et al., 1998). 

The decrease in the expression of sexual behavior of SERT-/- rats bears a very strong 
resemblance to the effects of chronic SSRI administration in humans, in that almost 
all SSRIs delay ejaculation and have strong sexual side effects like decreased libido 
and arousability (Hirschfeld, 2003; Montejo-González et al., 1997). In humans, chronic 
therapeutic SSRI treatment usually blocks about 80% of serotonin transporters (Kugaya 
et al., 2003). In SERT+/- rats only 50% of the transporters are present but the expression of 
the behavior is not significantly different from animals with 100% transporter availability, 
suggesting that a threshold or minimum availability of 5-HT transporters is needed 
to be able to perform normal sexual functioning (Olivier et al., 2010). Although most 
SSRI chronic administration block 80% of the SERT, it has been shown that chronic 
administration of paroxetine in normal male rats is able to get 100% of SERT occupancy 
which can be compared to SERT-/- male rats (Capello et al., 2011; Dalley, Cardinal, & 
Robbins, 2004; Li et al., 2017). Chronic administration of this drug (paroxetine, 10 mg/kg) 
can induce an inhibitory effect in sexual behavior that is comparable to the effect found 
in SERT-/- male rats (Bijlsma et al., 2014).

This study nicely replicates the study from Chan et al., performed in 2011. The results and 
data gathered, together with the resemblance of the SERT-/- male rat sexual behavior to 
the chronic use of SSRIs, suggest that this genetically modified animal is a very useful 
model to study SSRI induced sexual dysfunction (delayed ejaculation or diminished 
pro-sexual behavior). This animal model can also be very helpful in the development 
and testing of new antidepressant drugs that possess SSRI properties and additional 
serotonergic targets like vilazodone and vortioxetine and others (Li et al., 2017; Oosting 
et al., 2016), in understanding their effects and mechanism of action in sexual behavior. 
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Chapter 4

Tramadol: effects on sexual behavior 
in male rats are mainly caused by its 

5-HT reuptake blocking effects



Abstract

Tramadol is a well-known and effective analgesic. Recently it was shown that tramadol 
is also effective in human premature ejaculation. The inhibitory effect of tramadol on 
the ejaculation latency is probably due to its mechanism of action as a μ-opioid receptor 
agonist and noradrenaline/serotonin (5-HT) reuptake inhibitor. In order to test this 
speculation, we tested several doses of tramadol in a rat model of male sexual behavior and 
investigated two types of drugs interfering with the μ-opioid and the 5-HT system. First 
the μ-opioid receptor agonist properties of tramadol were tested with naloxone, a μ-opioid 
receptor antagonist. Second, the effects of WAY100,635, a 5-HT1A receptor antagonist, were 
tested on the behavioral effects of tramadol. Finally, the effects of paroxetine, a selective 
serotonin reuptake inhibitor, combined with naloxone or WAY100,635 treatment, were 
compared to the effects of tramadol combined with these drugs. 

Results showed that naloxone, at a sexually inactive dose, could only partially antagonize 
the inhibitory effect of tramadol. Moreover, low and behaviorally inactive doses of 
WAY100,635, strongly decreased sexual behavior when combined with a behaviorally 
inactive dose of tramadol. Finally, we showed that the effects of paroxetine on sexual 
behavior resembled the effects of tramadol, indicating that tramadol’s inhibitory effects 
on sexual behavior are primarily and mainly caused by its SSRI properties and that its 
μ-opioid receptor agonistic activity only contributes marginally. These findings support 
the hypothesis that tramadol exerts inhibition of premature ejaculations in men by its 
5-HT reuptake inhibiting properties.

Key words: tramadol, male sexual behavior, SSRI, naloxone, 5-HT1A receptor, premature ejaculation.
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1. Introduction

Tramadol is a centrally acting and clinically approved and used drug for pain treatment 
(Shipton, 2000). Tramadol is a weak μ-opioid receptor agonist, probably acting via its 
active metabolite O-desmethyltramadol (M1), which has a 10-fold lower affinity for the 
μ-opioid receptor than morphine (Frink et al., 1996; Minami et al., 2015). Tramadol is 
a racemic mixture of two active enantiomers (Frink et al., 1996). The (+)-enantiomer 
and its metabolite ((+)-M1) are selective agonists of the μ-opioid receptor and have 
also serotonergic reuptake inhibitory effects (SSRI); the (-)-enantiomer and the (-)-M1 

metabolite are norepinephrine reuptake inhibitors (Matthiesen et al., 1998). This activity 
profile suggests antidepressant potency and in animal paradigms, tramadol indeed shows 
antidepressant activity (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 SSRIs (Waldinger et al., 1998; 
Waldinger et al., 2001b, 2001a; Waldinger & Olivier, 2004). 

The present study was undertaken to investigate the potential ‘inhibitory’ effect of 
tramadol on sexual behavior in male rats in analogy to such effects in SSRIs (Bijlsma et 
al., 2014; Chan et al., 2008). SSRIs have strong inhibitory effects on sexual behavior both 
in humans (Waldinger et al., 2001b, 2001a; Waldinger et al.,1998) and rodents (Olivier et al., 
2011). These effects are particularly emerging after (sub-) chronic dosing and most SSRIs 
do not exert strong inhibitory effects on sexual behavior after acute administration in 
man (Waldinger & Olivier, 2004) or rats (Olivier et al., 1999, 2011; Waldinger & Olivier, 2004), 
although acutely sometimes inhibitory effects are reported (Bijlsma et al., 2014; Olivier 
et al., 2011). Noradrenergic reuptake inhibiting effects are generally not considered too 
strongly contribute to the inhibitory action on sexual behavior as shown with venlafaxine 
and other SNRIs (Bijlsma et al., 2014; Segraves & Balon, 2014). However, the μ-opioid 
receptor agonistic activity or the SSRI and SNRI activity in the molecule’s action could 
lead to an acute sexual inhibitory effect of tramadol as μ-opiate receptor agonists like 
morphine exert acute inhibitory effects on male sexual behavior in rats (Agmo & Paredes, 
1988; McIntosh et al., 1980). In the present studies, we first explored several doses of 
tramadol (10, 12.5, 20, 25, 40 and 50 mg/kg IP, experiments 1 and 6) on sexual behavior of 
male rats selected and trained for average sexual activity (2-3 ejaculations per 30-min test 
at the end of the training). Because only the highest dose of tramadol (50 mg/kg) reduced 
sexual behavior we tried to antagonize these inhibitory effects with naloxone, an opiate 
receptor antagonist (experiments 2, 3 and 4). In another set of studies, we selected a non-
sexual behavior inhibiting dose of tramadol (25 mg/kg) and combined it with a selected, 
sexual behavior-inactive dose of the 5-HT1A receptor antagonist WAY100,635 (experiment 
5). The idea behind this experiment was based on our previous finding that combining 
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sexually inactive doses of a 5-HT1A receptor antagonist with a sexually inactive dose of 
an SSRI after acute administration strongly inhibits sexual behavior (de Jong et al., 2005; 
Olivier, 2015). As comparison, we also performed an acute combination study of the SSRI 
paroxetine and WAY100,635 (experiment 7).
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2. Materials and Methods

2.1 Animals
One hundred and twenty male Wistar rats (Harlan, Zeist, The Netherlands) ranging from 
450-500 g were trained for sexual behavior with a sexually primed intact female rat (50 
μg estradiol benzoate in sesame oil saturated with lecithin given 36 hours before testing) 
once a week for 4 weeks in 30-min tests. Training and sex test were performed under 
red light and reversed light-dark conditions (12hLight-12hDark: lights off from 6:00 AM 
to 6:00 PM) in sex test chambers (60cmx 40cmx30cm; rectangular plastic boxes with 
clear front window and regular bedding material). Bedding of the sex test chambers was 
not changed during training and testing, to stimulate the sexual behavior due to the 
pheromones. All tests were performed between 9 AM and 4 PM. After 4 training tests (30 
min/training), the male rats were considered sexually trained and classified into average 
ejaculating (2-3 ejaculations(E)/test), fast ejaculating (>3 E/test), and slow ejaculating (0-1 
E/test) groups based on the ejaculations numbers per test (Chan et al., 2008; de Jong et al., 
2005; Olivier et al., 2006). A total of 48 rats with an average number of ejaculations have 
been selected and used during all subsequent experiments. In all individual experiments 
at least N=8 rats per dose of a drug were used and rats were maximally used once a week 
to guarantee sufficient washout of drugs. Rats had ad libitum access to food and water. 
All experiments were conducted in accordance with the governmental guidelines for care 
and use of laboratory animals and was approved by the Ethical Committee for Animal 
research of the Faculties of Veterinary Medicine, Pharmaceutical Sciences, Chemistry and 
Biology at Utrecht University. All efforts were made to minimize the amount of animals 
and their suffering.

2.2 Drug treatment and behavioral experiments
Care was taken that animals did not receive the same drugs or vehicle during all these 
experiments, which were run over a couple of months. For the pharmacological tests, 
male rats were given a 30-min habituation time in the test chambers. All drugs were 
injected IP 30 minutes before introduction of the female rat. Double injections were 
given immediately after each other. All tests were performed between 9:00 AM-16:00 
PM. Behavioral observations over 30-minutes after introduction of the female were 
analyzed using Noldus Observer® (Noldus Information Technology, Wageningen, the 
Netherlands). From these data the following parameters of the first ejaculation series 
were deduced (Chan et al., 2011): number of ejaculations/test (E), latency (s) to first 
mount (ML), latency (s) to first intromission (IL), number of mounts (M), number of 
intromissions (I), and latency (s) to the first ejaculation (EL). After ejaculation, the post 
ejaculatory latency (PEL) was calculated, using the time from the first ejaculation and the 
time of the first mount/intromission (whichever occurred first) of the second ejaculation 
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series. Copulatory efficiency (CE) was calculated as: CE = (#I/(#I + #M)) * 100%. CE is 
also frequently used as Intromission Ratio (IR). In the present study the main results 
are deduced from the effects of the treatment (vehicle or dose of a drug) on the first 
ejaculation series, which includes the first post-ejaculatory latency. In order to study 
drugs, it is important to have comparable pharmacodynamics and kinetics, and thus a 
fixed test duration of 30 minutes (1800 sec) is chosen. Because some treatments cause 
low sexual activities (e.g. zero ejaculations) some animals actually cannot be used for 
statistics. Artificial maximum values of 1800 sec (i.e. the test duration) for some latencies 
(ejaculation latency, mount and intromission latency, post-ejaculatory latency) are used, 
although this is certainly a matter of dispute. The mount and intromission data from 
these non-ejaculating animals are also problematic because it is actually unknown 
whether a rat may eventually ejaculate. These data may be considered artificially and 
are questionable for statistical analyses. In some experiments where the drug inhibited 
ejaculatory behavior, few or no animal achieve a second ejaculation making statistical 
analyses of the second ejaculatory series impossible, If in our experiments a drug blocked 
ejaculation in the majority of animals data values of 1800 sec were imputed for EL, ML, 
IL and PEL and also include the frequency values (MF, IF) for all animals for statistical 
purposes. In such cases, the strong inhibitory drug effects warrant the use of these values. 
We chose to skip statistical analyses if less than 50% of animals in a certain drug-treated 
group were left for second ES parameters. All tables only show the results for the first 
Ejaculation Series. Specifics for a certain experiment are described in the legends of the 
respective tables. 

2.3 Statistical analyses
The data was separated into ejaculations series. One-way ANOVA and Bonferroni post-
hoc statistical analysis was used to analyze the data. All data were analyzed using SPSS 
16.0 software (LEAD technologies, Chicago, USA). Level of significance was set at p < 0.05. 
Data are expressed as mean ± SEM. 

2.4 Drugs
Tramadol hydrochloride (obtained from DMI, UK), naloxone hydrochloride and 
WAY100635 maleate were bought from Sigma-Aldrich. Paroxetine hydrochloride was 
prepared from tablets obtained from a local pharmacy, grinded and suspended in saline. 
We have extensive evidence that the paroxetine used in this way has an excellent 
bioavailability that is comparable to that of the hydrochloride salt of paroxetine alone 
(Bijlsma et al., 2014; Chan et al., 2008). All drugs were dissolved in 0.9% NaCl (saline), and 
each solution was freshly prepared for each testing day. All drugs were administered IP.
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2.5 Pharmacological studies:
The following studies have been performed:

Study 1: 48 selected average ejaculating male rats were randomly divided into 4 groups 
of N=12 each. Groups received vehicle (saline), 10, 20 or 40 mg/kg tramadol (tramadol 
hydrochloride). Because we physically could not test 48 animals in one test-day, we 
performed testing over two consecutive days and animals and treatment were randomized 
over these two days. In the next experiments (studies 2-6) a lower number of animals 
was used. They were randomly chosen from the 48 rats available with the restriction that 
animals never got the same treatment more than once and all 48 animals underwent 
approx. the same number of experimental tests.

Study 2: 24 animals were treated with vehicle + saline (N=8), vehicle + tramadol (50 mg/
kg: N=8) and a group with naloxone (10 mg/kg + tramadol 50 mg/kg; N=8). Testing was 
performed on one testing day

Study 3: 32 rats were either treated with vehicle + vehicle (N=8), vehicle + 5 mg/kg 
Naloxone (N=8), vehicle + naloxone (10 mg/kg; N=8) and vehicle + paroxetine (10 mg/kg; 
N=8). Testing was performed on one testing day

Study 4: 24 rats were either treated with vehicle (vehicle + vehicle; N=8), vehicle + 
naloxone (20 mg/kg; N=8), or tramadol (50 mg/kg) + naloxone (20 mg/kg; N=8). Testing 
was performed on one testing day

Study 5: 24 rats were either treated with vehicle + vehicle (N=8), WAY100,635 (1 mg/
kg) + vehicle (N=8) or WAY 100635 (1 mg/kg) + tramadol (25 mg/kg; N=8). Testing was 
performed on one testing day

Study 6: 24 rats were either treated with vehicle (N=8), tramadol (12.5 mg/kg; N=8) or 
tramadol (25 mg/kg; N=8). Testing was performed on one testing day

Study 7: all 48 rats were either treated with vehicle + vehicle (N=8), vehicle + WAY100635 
(0.1 mg/kg; N=8), vehicle + WAY100635 (0.3 mg/kg; N=8), vehicle + paroxetine (10 mg/
kg; N=8), WAY 100635 (0.1 mg/kg) + paroxetine (10 mg/kg; N=8) or WAY100635 (0.3 mg/
kg) + paroxetine (10 mg/kg; N=8). This experiment was performed over two consecutive 
days (like in study 1).
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3. Results

3.1 Dose-response study of tramadol
In the first dose-response study (0, 10, 20, and 40 mg/kg) tramadol had no significant effects on 
any aspects of male sexual behavior (Fig. 1, suppl. table 1). Although there were tendencies that 
the 40 mg/kg dose had some lowering effects on various aspects of the sexual behavior, none 
of the parameters differed significantly from vehicle. Therefore, we decided to use a higher 
dose of tramadol in the next experiment. This 50-mg/kg tramadol dose vs. vehicle experiment 
(Fig 2, suppl. table 2), tramadol dramatically reduced sexual behavior. Most animals refrained 
from any sexual activity, most clearly seen by the absence of any ejaculation, long latencies 
before the first mount and intromission in a limited number of animals. 

Figure 1: Sexual behavior of male rats (N=12/ group) treated with vehicle, 10, 20 or 40 mg/kg tramadol. 
Data are given as mean + SEM. The number of ejaculations per 30 min (A), number of Mounts (B), 
Intromissions (C), Post-ejaculatory Interval (D) and Copulatory Efficiency (E) of the first Ejaculation 
Series are given. Detailed statistical analyses (ANOVA) are shown in Suppl. Table 1. 

3.2 Antagonism of tramadol’s sexual effects by naloxone.
Naloxone (5 and 10 mg/kg: suppl. table 3) had no significant effects on sexual behavior. The 
10-mg/kg dose of naloxone had a very limited partial antagonizing effect on the inhibitory 
effects of 50-mg/kg tramadol (Fig. 2, suppl. table 2). The latency to the first mount (M1) 
and first intromission (I1) were significantly shorter after adding naloxone to tramadol 
than after tramadol alone. Also, the total number of mounts (M) and intromissions (I) 
were significantly enhanced.
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An attempt to further antagonize tramadol’s inhibitory effect by increasing the naloxone 
dose to 20 mg/kg failed, because that dose of naloxone itself strongly inhibited sexual 
behavior (Fig.3, suppl. table 4) and was also not able to antagonize tramadol’s 50-mg/kg 
effects.

Figure 2: Sexual behavior of male rats (N=8/group) treated with saline + saline, tramadol 50 mg/kg 
+ saline, or tramadol 50 mg/kg + naloxone 10 mg/kg. Data are given as mean + SEM. The number of 
ejaculations per 30 min (A), number of Mounts (B), Intromissions (C), Post-ejaculatory Interval (D), 
Copulatory Efficiency (E), Latency to first Mount (F), Latency to first Intromission (G) and Latency 
to first Ejaculation (H) of the first Ejaculation Series are given. Detailed statistical analyses (ANOVA) 
are shown in Suppl. Table 2. *: significant difference (P<0.05) compared to Vehicle + saline group. §: 
significant difference between tramadol + saline group and tramadol + naloxone group (P<0.05).
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Figure 3: Sexual behavior of male rats (N=8/group) treated with saline + saline, naloxone 20 mg/kg 
+ saline, or tramadol 50 mg/kg + naloxone 20 mg/kg. Data are given as mean + SEM. The number of 
ejaculations per 30 min (A), number of Mounts (B), Intromissions (C), Post-ejaculatory Interval (D), 
Copulatory Efficiency (E), Latency to first Mount (F), Latency to first Intromission (G) and Latency to 
first Ejaculation (H) of the first Ejaculation Series are given. Detailed statistical analyses (ANOVA) are 
shown in Suppl. Table 4. *: significant difference (P<0.05) compared to saline + saline group. §: significant 
difference between naloxone + saline group and tramadol + naloxone group (P<0.05).

3.2 Combination of tramadol and paroxetine with the 5-HT1A receptor antagonist WAY100,635.
Paroxetine (10 mg/kg IP) alone has no consistent inhibitory effect on sexual behavior 
when given acutely (suppl. table 3 (last column) and suppl. table 7). But, when this dose 
was combined with, by themselves inactive doses of the 5-HT1A receptor antagonist 
WAY100,635. (1.0 mg/kg (Fig. 4, suppl. table 5); 0.1 and 0.3 mg/kg (Fig. 5; suppl. table 7)) 
sexual behavior was strongly inhibited (Fig. 4 and Fig. 5 and Suppl. tables 5 and 7).
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When 1.0-mg/kg WAY100,635, that alone has no effect on sexual behavior (Fig.4 and 
Suppl. table 5), was combined with a dose of tramadol (25 mg/kg) that on itself had no 
significant effect on sexual behavior (suppl. table 6), sexual behavior was severely reduced 
(Fig. 4; Suppl. table 5).

Figure 4: Sexual behavior of male rats (N=8/group) treated with saline + saline, WAY100,635 (1 mg/kg) 
mg/kg + saline, or tramadol 25 mg/kg + WAY100,635 1 mg/kg. Data are given as mean + SEM. The number 
of ejaculations per 30 min (A), number of Mounts (B), Intromissions (C), Post-ejaculatory Interval (D), 
Copulatory Efficiency (E), Latency to first Mount (F), Latency to first Intromission (G) and Latency to 
first Ejaculation (H) of the first Ejaculation Series are given. Detailed statistical analyses (ANOVA) are 
shown in Suppl. Table 5. *: significant difference (P<0.05) compared to saline + saline group. §: significant 
difference between WAY100,635 + saline group and tramadol + WAY100,635 group (P<0.05).
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Figure 5: Sexual behavior of male rats (N=8/group) treated with saline + saline, WAY100,635 (0.1 mg/
kg) + saline, WAY100,635 (0.3 mg/kg) + saline, saline +paroxetine (10 mg/kg), WAY100635 (0.1 mg/
kg) + paroxetine (10 mg/kg) and WAY100,635 (0.3 mg/kg) + paroxetine (10 mg/kg). Data are given as 
mean + SEM. The number of ejaculations per 30 min (A), number of Mounts (B), Intromissions (C), 
Post-ejaculatory Interval (D), Copulatory Efficiency (E), Latency to first Mount (F), Latency to first 
Intromission (G) and Latency to first Ejaculation (H) of the first Ejaculation Series are given. Detailed 
statistical analyses (ANOVA) are shown in Suppl. Table 7. a: significant difference (P<0.05) compared 
to saline + saline group. b: significant difference compared to WAY100,365 (0.1 mg/kg) + saline group 
(P<0.05). c: significant difference compared to WAY100,635 (0.3 mg/kg) + saline group. d: significant 
difference compared to saline +paroxetine (10 mg/kg) group.
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4. Discussion

Acutely administered, tramadol has, up to 40-mg/kg (IP) no significant effects on sexual 
behavior of ‘normally’ ejaculating male rats, although some inhibitory trends were seen at 
the 40-mg/kg dose. At 50-mg/kg IP, however, tramadol strongly inhibited sexual behavior, 
reducing it almost to zero. Because tramadol, via its enantiomers and active metabolites, 
exerts opiate receptor agonistic and 5-HT reuptake inhibiting effects, it was tried to 
unravel whether tramadol’s effects on sexual behavior were related to either of these 
mechanisms. Naloxone, a μ-opiate receptor antagonist had at low doses (5 and 10 mg/kg) 
no intrinsic effects on sexual behavior. At 20-mg/kg, however, naloxone strongly inhibited 
sexual behavior itself making this dose unfit to try to antagonize tramadol’s inhibitory 
effects. Naloxone (10 mg/kg) had some minor, but significant, antagonizing effects on 
the inhibitory effects of 50-mg/kg tramadol, suggesting that the μ-opioid receptor may 
play a minor role in this effect. Morphine, a μ-opiate receptor agonist inhibits male sexual 
behavior in rats (Ågmo & Paredes, 1988; McIntosh et al., 1980), an effect that could be 
completely antagonized by naloxone. Although the intrinsic effects of naloxone on male 
sexual behavior are somewhat controversial (Gessa et al., 1979; McIntosh et al., 1980; Myers 
& Baum, 1979), in our hands doses of 5 and 10 mg/kg are behaviorally silent, whereas 
the 20-mg/kg dose appeared inhibitory. The dose-response curve of tramadol shows a 
steep decrease in sexual behavior between the 40 and 50-mg/kg doses. Although part 
of this inhibition is due to blockade of the μ-opioid receptor, antagonism of this effect 
by naloxone cannot completely overcome the tramadol-induced inhibition of sexual 
behavior. The remaining inhibitory effects might be due to stronger SSRI effects at the 50-
mg/kg dose or to other effects exerted by tramadol at higher doses, e.g. norepinephrine-
reuptake inhibition or other mechanisms (see Minami et al., 2015). 

It is postulated that the potential inhibitory action of SSRIs on sexual behavior may be 
mediated via 5-HT1A receptors (de Jong et al., 2005; Olivier et al., 2011). Blocking this receptor 
in the presence of an SSRI strongly (and dose-dependently) inhibits sexual behavior, 
even at doses of the SSRI (10 mg/kg IP paroxetine) that acutely do not exert intrinsic 
inhibitory activity. WAY100,635, a potent and selective 5-HT1A receptor antagonist has no 
intrinsic activity in sexual behavior, but strongly decreases sexual activities when it (at 
doses of 0.1, 0.3 and 1 mg/kg) is combined with 10 mg/kg paroxetine. When tramadol, at 
a selected dose (25 mg/kg IP) that on itself does not affect sexual behavior, is combined 
with a selected (1 mg/kg IP) dose of WAY100,635, a strong reduction in sexual behavior 
is found, supporting the role of the 5-HT reuptake inhibiting mechanism of tramadol in 
its inhibitory effect in sexual behavior. Drug-discrimination studies in rats (Filip et al., 
2004) where a 20-mg/kg dose (IP) of tramadol was trained as discriminative stimulus 
(DS) versus saline, supported a role for the opiate mechanism in tramadol, because 
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morphine (2 mg/kg) fully substituted for the tramadol cue, whereas the DS could be 
completely antagonized by naloxone at rather low dosages (ED50 around 0.2 mg/kg). 
Remarkably, neither noradrenaline (NRI), serotonin (SSRI) nor mixed NE/5-HT reuptake 
blockers (SNRI) were able to substitute for the tramadol DS, whereas NRIs, but not SSRIs 
were able to shift the dose-response curve to the left. It is well known that SSRIs are 
notoriously difficult to train as a DS in rats (Olivier, 2015) whereas NRIs create trainable 
cues (Caldarone et al., 2010; Dekeyne et al., 2001). Tramadol, via its (-)-enantiomer and 
(-)-metabolite, has norepinephrine reuptake inhibiting effects that may contribute to its 
sexual inhibitory effects at higher doses. In general, NRIs (e.g. reboxetine, milnacepram) 
are not known as antidepressants with strong sexual side effects (Graf et al., 2014; 
Segraves & Balon, 2014); enhancement of NE-neurotransmission could even functionally 
antagonize the inhibitory actions of SSRIs on sexual behavior (Bijlsma et al., 2014). Based 
on our data, we postulate that the SSRI component in tramadol is primarily responsible 
for the inhibitory action on sexual behavior, whereas the μ-opioid agonistic effects might 
(slightly) contribute to this effect.

From these findings, it is predicted that tramadol, at non-sexual behavior inhibiting 
doses after acute administration, will exert inhibitory effects after (sub) chronic dosing, 
in analogy to those properties of SSRIs (Chan et al., 2008). Whether the μ-opioid receptor 
agonistic properties of tramadol contribute significantly to these effects is as yet unclear 
and would need more studies. Testing tramadol on sexual behavior in SERT-knockout rats 
will determine whether the opioid agonistic activity in tramadol exerts sexual inhibitory 
effects in the absence of the SERT-inhibiting effects of tramadol. These experiments will 
be performed in the near future.

The SSRI component of tramadol alone seems sufficient (compared to paroxetine) to 
explain tramadol’s inhibitory effects on sexual behavior in humans with premature 
ejaculation (Eassa & El-Shazly, 2013; Yang et al., 2013). Although our data suggests that 
the μ-opioid component in tramadol might contribute to this effect, the question remains 
what this means in clinical practice. The human data suggest no clear ’on demand’ 
treatment effects of tramadol, although studies performed up to date have not realistically 
looked into that aspect.
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5. Conclusions 

The results indicate that the sexual inhibitory effects of tramadol after acute 
administration and relatively high doses are mainly mediated via the SSRI component of 
tramadol, although a small effect of the μ-opioid agonistic mechanism might contribute 
to this inhibitory effect. As such, tramadol might be a good candidate for treatment of 
PE in human males although side effects might be more extensive than or different from 
SSRIs alone.
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Supplementary data

Suppl. table 1: Effects of Tramadol on Sexual Behavior of male Wistar rats. N=12/group 

Dose of 
tramadol, 

mg/kg

0 mg/kg 10 mg/kg 20 mg/kg 40 mg/kg ANOVA 
significance

Parameters 
measured

Mean ± SEM Mean ± SEM Mean ± SEM Mean ± SEM

# E 2.4±0.2 2.08±0.3 1.75±0.3 1.42±0.5 F(3,44)=2.222; P=0.178

Latency 1st M (s) 26.1±13.3 7.46±2.1 55.4±145.2 43.2±10.6 F(3,44)=0.848; P=0.475

Latency 1st I (s) 46.5±25.6 62.0±19.4 76.9±116.5 231.3±124.4 F(3,44)=1.633; P=0.189

# M 1st series 20.3±3.8 16.8±3.6 23.6±6.1 15.1±3.4 F(3,44)=0.739; P=0.534

# I 1st series 7.4±1.0 7.1±0.9 7.5±0.9 5.3±0.8 F(3,44)=1.269; P=0.297

Latency 1st E (s) 541.9±126.9 642.7±166.5 873.1±170.7 1020.4±210.3 F(3,44)=1.610; P=0.201

PEL1 428.5±125.7 557.4±167.9 569.4±166.3 1064.8±221.7 F(3,44)=2.606; P=0.064

IR1 32.7±4.7 33.9±4.2 36.4±6.6 31.0±3.8 F(3,44)=0.204; P=0.893

M=Mount; I= Intromission; E=Ejaculation; PEL=post-ejaculatory interval; # =number; IR= Intromission 
Ratio = [# intromissions / (# intromissions + # mounts)]*100

Suppl. table 2: Effects of Tramadol and Naloxone on Sexual Behavior of male Wistar rats. N=8 /group

Dose of
tramadol,
mg/kg IP

0 mg/kg + 
0 mg/kg

A

50 mg/kg +
Saline

B

50 mg/kg +
10mg/kg Naloxone

C

ANOVA
significance

Parameters 
measured

Mean ± SEM Mean ± SEM Mean ± SEM

# E 2.4±0.4 0.0±0.0* 0.8±0.4* F(2,21)=12.781; P<0.001

Latency 1st M (s) 5.2±1.1 1593.7±203.1* 574.4±272.9 (bc) F(2,21)=16.789; P<0.001

Latency 1st I (s) 32.7±16.4 1760.2±39.8* 948.4±273.3* (bc) F(2,21)=29.284; P<0.001

# M 1st series 21.4±7.8 0.5±0.4* 4.5±1.9 F(2,21)=5.767; P=0.010

# I 1st series 7.0±1.7 0.3±0.3* 1.9±1.0* F(2,21)=9.637; P=0.001

Latency 1st E (s) 598.9±217.8 1800±0.0* 1364.4±256.8* F(2,21)=9.782; P=0.001

PEL1 502.9±186.1 1800±0.0* 1447.5±231.1* F(2,21)=15.327; P<0.001

IR1 33.5±7.0 20.0±20.0 (n=2) 30.8±8.8 (n=6) F(2,13)=0.320; P=0.732

M=Mount; I= Intromission; E=Ejaculation; PEL=post-ejaculatory interval; # =number; IR= Intromission 
Ratio = [# intromissions / (# intromissions + # mounts)]*100
* = Significantly (P<0.05) different from 0 mg/kg.
(bc) = significantly (P<0.05) different between 50 mg/kg + saline (B) and 50 mg/kg + 10mg/kg Naloxone (C). 
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Suppl. table 3: Effects of Naloxone and Paroxetine on Sexual Behavior of male Wistar rats. N=8 
animals/group

Dose of drug, 
mg/kg IP

0 mg/kg 
(saline + 
saline)

5 mg/kg 
Naloxone + 
Saline

10 mg/kg 
Naloxone + 
Saline

10 mg/kg 
Paroxetine + 
saline

ANOVA 
significance

Parameters Mean± SEM Mean± SEM Mean± SEM Mean± SEM

# E 1.0±0.5 1.3±0.6 2.3±0.7 1.0±0.5 F(3,28)=1.150; P=0.346

Latency 1st M (s) 21.5±7.5 12.5±2.8 20.5±8.8 46.9±20.7 F(3,28)=1.557; P=0.222

Latency 1st I (s) 21.5±5.4 27.9±11.9 44.9±26.4 56.2±17.0 F(3,28)=0.835; P=0.486

# M 1st series 8.9±2.2 14.9±5.0 14.1±4.1 12.4±3.6 F(3,28)=0.473; P=0.703

# I 1st series 9.6±2.7 7.9±0.6 8.5±1.8 8.3±4.4 F(3,28)=0.085; P=0.968

Latency 1st E (s) 319.9±90.2 531.9±144.1 704.4±261.7 725.1±249.0 F(3,28)=0.888; P=0.460

PEL1 283.2±23.1 120.9±216.1 251.5±53.5 60.4±290.4 F(3,24)=1.820; P=0.170

IR1 51.2±4.6 41.4±5.3 43.2±5.7 33.8±8.9 F(3,27)=0.788; P=0.511

M=Mount; I= Intromission; E=Ejaculation; PEL=post-ejaculatory interval; # =number; IR= Intromission 
Ratio = [# intromissions / (# intromissions + # mounts)]*100

Suppl. table 4: Effects of Naloxone and Tramadol on Sexual Behavior of male Wistar rats. N=8 
animals per group

Dose of drug, 
mg/kg IP

0 mg/kg 
(saline + 
saline)

A

20 mg/kg 
Naloxone + 

saline
B

20 mg/kg 
Naloxone + 50mg/

kg Tramadol 
C

ANOVA 
significance

Parameters 
measured

Mean± SEM Mean± SEM Mean± SEM

# E 2.6±0.3 0.6±0.3* 0.4±0.2* F(2,21)=26.545; P <0.001

Latency 1st M (s) 8.4±5.0 114.3±60.7 743.5±310.1* F(2,21)=4.744; P=0.020

Latency 1st I (s) 11.5±2.2 249.6±146.3 1213.8±295.8* ; (bc) F(2,21)=11.167; P<0.001

# M 1st series 11.9±4.4 29.3±9.6 4.5±1.7 F(2,21)=4.208; P=0.029

# I 1st series 5.6±1.0 5.8±1.2 2.9±1.6 (bc) F(2,21)=1.618; P=0.222

Latency 1st E (s) 288.0±62.4 1262.5±228.2* 1522.6±171.8* F(2,21)=14.869;P<0.001

PEL1 318.5±18.1 1099.8±264.9* 1456.1±225.2* F(2,21)8.379; P=0.002

IR1 41.1±7.3 19.2±4.1 26.5±11.3 F(2,18)=2.798; P=0.092

M=Mount; I= Intromission; E=Ejaculation; PEL=post-ejaculatory interval; # =number; IR= Intromission 
Ratio = [# intromissions / (# intromissions + # mounts)]*100
* = Significantly (P<0.05) different from 0 mg/kg.
(bc) = significantly (P<0.05) different between 20 mg/kg Naloxone + saline (B) and 20 mg/kg Naloxone 
+ 50mg/kg Tramadol (C). 
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Suppl. table 5: Effects of WAY100635 (5-HT1A receptor antagonist) and Tramadol on Sexual Behavior 
of male Wistar rats. N=8/group

Dose of drug, 
mg/kg IP

0 mg/kg 
(saline + saline)

A

1 mg/kg 
WAY100635 + 

Saline
B

1 mg/kg 
WAY100635+ 

25mg/kg Tramadol
C 

ANOVA
significance

Parameters 
measured

Mean±SEM Mean±SEM Mean±SEM

# E 3.1±0.4 2.4±0.3 0.3 ±0.2* (bc) F(2,21)=22.582; P<0.001

Latency 1st M (s) 14.9±7.0 18.0±11.5 895.9 ±303.5* (bc) F(2,17)=9.967; P=0.001

Latency 1st I (s) 50.9±26.0 68.7±42.1 926.7 ±328.7* (bc) F(2,17)=8.020; P=0.004

# M 1st series 11.6±2.4 12.6±4.6 10.0±5.8 F(2,17)=0.085; P=0.919

# I 1st series 6.1±0.8 5.6±0.7 3.2±1.5 F(2,17)-2.323; P=0.128

Latency 1st E (s) 407.9±110.2 356.7±104.8 1482.0±201.3* (bc) F(2,17)-19.774; P<0.001

PEL1 305.5±20.5 291.3±17.0 1558.2 ±241.8* (bc) F(2,17)=31.761; P<0.001

IR1 37.0±5.2 40.8±7.8 31.4±10.5 (n=4) F(2,15)=0.338; P=0.719

M=Mount; I= Intromission; E=Ejaculation; PEL=post-ejaculatory interval; # =number; IR= Intromission 
Ratio = [# intromissions / (# intromissions + # mounts)]*100
* = Significantly (P<0.05) different from 0 mg/kg.
(bc) = significantly (P<0.05) different between 1 mg/kg WAY100635 + saline (B) and 1 mg/kg WAY100635 
+ 25mg/kg Tramadol (C). 
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Suppl. table 6: Effects of Tramadol on Sexual Behavior of male Wistar rats. N=8/group

Dose of drug, 
mg/kg IP

0 mg/kg (saline) 12.5mg/kg
Tramadol

25.0 mg/kg
Tramadol

ANOVA
significance

Parameters 
measured

Mean±SEM Mean±SEM Mean±SEM

# E 2.8±0.5 2.3±0.5 1.5±0.5 F(2,21)=1.797; P=0.190

Latency 1st M (s) 4.7±1.5 12.2±3.5 344.0±197.7 F(2,21)=2.880P=0.078

Latency 1st I (s) 29.8±12.2 50.8±16.8 348.6±211.2 F(2,21)=2.110; P=0.145

# M 1st series 23.0±6.8 20.9±7.8 17.4±5.8 F(2,21)0.171; P=0.844

# I 1st series 7.5±1.0 7.0±1.5 5.6±1.6 F(2,21)=0.492; P=0.618

Latency 1st E (s) 566.7±200.2 673.1±215.4 1062.9±252.2 F(2,21)=1.364; P=0.277

PEL1 473.0±189.9 508.4±185.5 1081.0±272.1 F(2,21)=2.418; P=0.113

IR1 29.8±5.1 33.7±5.3 25.8±4.9 F(2,21)=0.569; P=0.575

M=Mount; I= Intromission; E=Ejaculation; PEL=post-ejaculatory interval; # =number; IR= Intromission 
Ratio = [# intromissions / (# intromissions + # mounts)] *100
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Suppl. table 7:  Effects of WAY100635 (5HT1A receptor antagonist) and Paroxetine on Sexual 
Behavior of male Wistar rats. N=8/group 

Dose of drug, mg/kg IP 0 mg/kg (saline 
+saline)

A

0.1 mg/kg WAY100635 
+ saline

B

0.3 mg/kg WAY100635 
+ saline

C

Saline +
10mg/kg paroxetine

D

0.1 mg/kg WAY100635 + 
10mg/kg paroxetine

E

0.3 mg/kg WAY100635 
+ 10mg/kg paroxetine

F

ANOVA significance

Parameters measured Mean± SEM Mean± SEM Mean± SEM Mean± SEM Mean± SEM Mean± SEM

# E 2.4±0.2 1.5±0.5 2.5±0.3 1.5±0.4 0.0±0.0*; b;d 0.0±0.0*;c;d F(5,42)=13.619; P<0.001

Latency 1st M (s) 19.3±11.1 88.9±74.3 8.1±2.2 54.4±33.8 923.9±286.1*; b;d 1527.2±;222.7* c;d F(5,42)=17.810; P<0.001

Latency 1st I (s) 25.5±14.4 350.0±213.8 21.0±10.1 451.2±221.3 1415.2±190.3*;b;d 1800.0±0.0*;c;d F(5,42)=25.780; P<0.001

# M 1st series 15.6±3.9 19.1±7.3 12.4±2.0 13.8±3.6 6.6±2.8 1.1±1.0 F(5,42)=2.696; P=0.034

# I 1st series 10.5±4.7 4.3±0.8 10.0±2.2 4.8±2.1 0.8±0.3 0.0±0.0* ; F(5,42)=5.700; P=0.007

Latency 1st E (s) 352.9±57.6 1008.3±241.6 501.9±127.4 986.3±44.7 1800.0±0.0*;b;d 1800.0±0.0*;c;d F(5,42)=16.639; P<0.001

PEL1 344.3±16.2 693.3±242.9 347.7±20.7 895.9±265.3 1800.0±0.0*;b;d 1800.0±0.0*;c;d F(5,42)=20.648; P<0.001

CE1 40.0±6.8 35.5±11.1 44.6±4.9 31.0±6.3 n=4; 15.7±6.1 n =0 F(5,42)=1.462; P=0.238

M=Mount; I= Intromission; E=Ejaculation; PEL=post-ejaculatory interval; # =number; 
CE= copulatory efficiency = [# intromissions / (# intromissions + # mounts)]*100
* = Significantly (P<0.05) different from 0 mg/kg.

b = significantly (P<0.05) different from 0.1 mg/kg WAY100635 + saline (B); c = significantly (P<0.05) 
different from 0.3 mg/kg WAY100635 + saline (C); d = significantly (P<0.05) different from Saline + 
10mg/kg paroxetine (D)
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Suppl. table 7:  Effects of WAY100635 (5HT1A receptor antagonist) and Paroxetine on Sexual 
Behavior of male Wistar rats. N=8/group 

Dose of drug, mg/kg IP 0 mg/kg (saline 
+saline)

A

0.1 mg/kg WAY100635 
+ saline

B

0.3 mg/kg WAY100635 
+ saline

C

Saline +
10mg/kg paroxetine

D

0.1 mg/kg WAY100635 + 
10mg/kg paroxetine

E

0.3 mg/kg WAY100635 
+ 10mg/kg paroxetine

F

ANOVA significance

Parameters measured Mean± SEM Mean± SEM Mean± SEM Mean± SEM Mean± SEM Mean± SEM

# E 2.4±0.2 1.5±0.5 2.5±0.3 1.5±0.4 0.0±0.0*; b;d 0.0±0.0*;c;d F(5,42)=13.619; P<0.001

Latency 1st M (s) 19.3±11.1 88.9±74.3 8.1±2.2 54.4±33.8 923.9±286.1*; b;d 1527.2±;222.7* c;d F(5,42)=17.810; P<0.001

Latency 1st I (s) 25.5±14.4 350.0±213.8 21.0±10.1 451.2±221.3 1415.2±190.3*;b;d 1800.0±0.0*;c;d F(5,42)=25.780; P<0.001

# M 1st series 15.6±3.9 19.1±7.3 12.4±2.0 13.8±3.6 6.6±2.8 1.1±1.0 F(5,42)=2.696; P=0.034

# I 1st series 10.5±4.7 4.3±0.8 10.0±2.2 4.8±2.1 0.8±0.3 0.0±0.0* ; F(5,42)=5.700; P=0.007

Latency 1st E (s) 352.9±57.6 1008.3±241.6 501.9±127.4 986.3±44.7 1800.0±0.0*;b;d 1800.0±0.0*;c;d F(5,42)=16.639; P<0.001

PEL1 344.3±16.2 693.3±242.9 347.7±20.7 895.9±265.3 1800.0±0.0*;b;d 1800.0±0.0*;c;d F(5,42)=20.648; P<0.001

CE1 40.0±6.8 35.5±11.1 44.6±4.9 31.0±6.3 n=4; 15.7±6.1 n =0 F(5,42)=1.462; P=0.238

M=Mount; I= Intromission; E=Ejaculation; PEL=post-ejaculatory interval; # =number; 
CE= copulatory efficiency = [# intromissions / (# intromissions + # mounts)]*100
* = Significantly (P<0.05) different from 0 mg/kg.

b = significantly (P<0.05) different from 0.1 mg/kg WAY100635 + saline (B); c = significantly (P<0.05) 
different from 0.3 mg/kg WAY100635 + saline (C); d = significantly (P<0.05) different from Saline + 
10mg/kg paroxetine (D)
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Chapter 5

Tramadol’s inhibitory effects on 
sexual behavior: pharmacological studies 

in serotonin transporter knockout rats



Abstract: 

Tramadol is an effective pharmacological intervention in human premature ejaculation. 
To investigate whether the inhibitory action of tramadol is primarily caused by its 
selective serotonin reuptake inhibitory (SSRI) effects we tested the dose-response effects 
of tramadol on sexual behaviour in serotonin transporter wildtype (SERT+/+), heterozygous 
(SERT+/-) and knockout (SERT-/-) rats. To investigate whether other mechanisms contribute 
to the inhibitory effects, WAY100,635, a 5-HT1A receptor antagonist and naloxone, a 
μ-opioid receptor antagonist, were tested on sexual behaviour together with tramadol. 
Tramadol dose-dependently decreases sexual activity in all genotypes. In all studies, 
SERT+/- rats did not respond differently from SERT+/+ rats. WAY100,635 did not affect 
sexual activity in SERT+/+, but dose-dependently reduced sexual activity in SERT-/- rats. 
WAY100,635 (0.3 mg/kg) combined with tramadol (20 mg/kg) significantly reduced 
sexual activity in SERT+/+ and even stronger in SERT-/- rats. Naloxone did not affect sexual 
behavior consistently in SERT+/+ rats, while in SERT-/- rats all doses reduced ejaculation 
frequency mildly. Combining naloxone (20 mg/kg) and tramadol (20 mg/kg) decreased 
ejaculation frequencies in both genotypes. Interestingly, combining tramadol (20 mg/
kg), WAY100,635 (0.3 mg/kg) and naloxone (20 mg/kg) led to complete elimination of all 
sexual activity in both SERT+/+ and SERT-/- rats. These findings suggest that the inhibitory 
effects of tramadol on male sexual behavior in SERT+/+ rats is mainly, if not exclusively, due 
to serotonin transporter inhibition, with an important role for 5-HT1A receptors, although 
influence of other systems (e.g. noradrenergic) cannot be excluded. As SSRIs exert their 
sexual inhibition after chronic administration, tramadol may be therapeutically attractive 
as ‘on demand’ therapy for premature ejaculation

Key words: SSRI, sexual behavior, tramadol, rat, 5-HT1A receptor, μ-opioid receptor, 
serotonin transporter
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1.Introduction

Tramadol is a worldwide used painkiller that produces anti-nociception by activation of 
μ-opioid receptors (Hennies, Friderichs, & Schneider, 1988). Resent research has shown 
that tramadol is effective in treating premature ejaculation (PE) in humans (Bar-Or, et 
al., 2012; Eassa & El-Shazly, 2013; Yang et al., 2013). Tramadol is a racemic mixture of two 
enantiomers (Frink et al., 1996). The first enantiomer ((+)-tramadol) and its metabolite 
((+)-M1) are selective agonists of the μ-opioid receptor and have serotonergic reuptake 
inhibitory effects (SSRI) as well; the second enantiomer ((-)-tramadol) and the (-)-M1 

metabolite produce norepinephrine reuptake inhibition (Matthiesen et al., 1998). Due to 
its SSRI properties, tramadol has antidepressant-like effects (Rojas-Corrales et al., 2002; 
Rojas-Corrales et al., 2005). SSRIs are mainly used as antidepressants due to inhibition of 
the serotonin transporter (SERT), leading to an increased level of 5-HT in the synaptic 
cleft. However, SSRI treatment has been associated with the appearance of some serious 
side effects, like a decrease in the ability to reach ejaculation or orgasm (Balon, 2006); 
thus resulting in a significant impact on an individual’s life quality that in most cases 
leads to noncompliance to treatment (Higgins et al., 2010) . 

Previously, we found (Olivier et al. 2017) that tramadol inhibits sexual behavior in male rats 
and postulated this to be mainly due to its SSRI properties, although tramadol’s μ-opioid 
receptor agonistic activity might contribute in a minor way to sexual behavior inhibition. 
Serotonergic activation of sexual activity in male rats is primarily based on activation of 
5-HT1A receptors based on the pro-sexual effects observed after 5-HT1A receptor agonists 
(Snoeren et al., 2014). Acute co-administration of a 5-HT1A receptor antagonist and SSRI 
inhibits male rat sexual behavior, indicating that the potential sexual side effects of 
chronic SSRI-treatment depend on the degree of 5-HT1A receptor modulation (de Jong et 
al., 2005). In the present research, our rationale is to further investigate the role of 5-HT1A 
receptor activity and μ-opioid agonist activity in tramadol’s sexual behavior inhibition. 
To this end, we use serotonin transporter (SERT) knockout rats because they create a 
possibility to study the influence of tramadol on the μ-opioid system (and possibly other 
systems) without concomitant influence of blockade of the SERT in male sexual behavior. 
Although it is known that 5-HT1A receptors are affected in homozygous SERT knockout 
(SERT-/-) rats (Chan et al., 2011; Olivier et al., 2010) practically nothing is known about 
changes in other systems, including the opioid system. 

In the present studies, based on our previous work (Olivier et al. 2017), we first explored 
several doses of tramadol (5, 10, 20, 40 and 50 mg/kg IP) on sexual behavior of wild type 
(SERT+/+), heterozygous (SERT+/-), or SERT-/- male rats, selected and trained for average 
sexual activity (2-3 ejaculations per 30-min test after a 6-weeks training period). Because 
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we knew from previous studies (Olivier et al. 2017) that a higher tramadol dose (40 mg/kg) 
in wild type rats could only marginally be influenced by naloxone, we combined a slightly 
inhibitory dose of tramadol (20 mg/kg) in all three genotypes with naloxone, a μ-opiate 
receptor antagonist. In another set of studies, we combined tramadol (20 mg/kg) with a 
selected, sexual behavior-inactive dose of the 5-HT1A receptor antagonist WAY100,635 (0.3 
mg/kg). The supporting idea of this experiment was our previous finding that combining 
sexually inactive doses of a 5-HT1A receptor antagonist with a sexually inactive dose of an 
SSRI after acute administration strongly inhibits sexual behavior (de Jong et al., 2005). 
Lastly, WAY100,635 (0.3 mg/kg) and naloxone (20 mg/kg) were combined with tramadol 
(20 mg/kg) to unravel putative modulatory effects and clarify possible interactions. 
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2.Materials and methods

2.1 Animals
Wistar rats were bred in our animal facility (University of Groningen, GELIFES) using 
SERT+/- males and females, resulting in male and female SERT+/+, SERT+/- and SERT-/- 
rats. Male SERT+/+, SERT+/- and SERT-/- rats of at least 12 weeks old were used for sexual 
behavioral experiments. Female SERT+/+ and SERT+/- offspring were used as sexual 
stimulus females. Rats were housed under reversed dark-light conditions (12h light:12h 
dark, lights off from 9:00 AM to 9 PM). Animals were socially housed (2-5 per cage, 
maximum 4 for males). Wooden gnawing blocks and nesting material were provided 
for cage enrichment. Rats had ad libitum access to food and water. All experiments were 
conducted in accordance with the governmental guidelines for care and use of laboratory 
animals (Centrale Commissie Dierproeven). All efforts were made to minimize the number 
of animals and possible suffering.

2.2 Female rats
The females had double tubal ligation to prevent pregnancies. To perform the surgery, 
females were anaesthetized (Isoflurane) and given pain relief (Fynadine, 0.1mg/100g) 
before the surgery, and 24 and 48 hours after surgery. Females were at least 12 weeks old 
when surgery was performed, and two weeks of recovery were given before they were 
made intentionally receptive with estradiol (50 μg in 0.1 ml oil, S.C., 36-48 hours before 
the test) for the sexual behavior training tests and experiments. Females were used once 
in two weeks and not more than 2 times per experimental day. 

2.3 Drug treatment and behavioral experiments
A crossover-randomized design was planned in order to prevent that animals receive 
the same drug doses or vehicle during all the experiments, which were run over a couple 
of months. As described previously in Olivier et al. (2017), when pharmacological tests 
were performed, male rats were given a 30-min habituation time in the test boxes right 
after drug administration via IP injection, before the female rat was introduced. Multiple 
injections were given 10 minutes after each other. All behavior during the 30-minute 
test was video-recorded after introduction of the female and were also live scored and 
the following parameters of the first ejaculation series were deduced (Chan et al., 2011): 
number of ejaculations (E), number of mounts (M), number of intromissions (I), latency 
(s) to first mount (ML), latency (s) to first intromission (IL) and latency (s) to the first 
ejaculation (EL). After ejaculation, the post ejaculatory interval (PEI) was calculated, 
using the time from the first ejaculation and the time of the first mount/intromission 
(whatever occurred first) of the second ejaculation series. Intromission Ratio (IR) was 
calculated as: IR = (#I/ (#I + #M)) * 100%. EL was calculated using the time from the 
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first ejaculation series minus the intromission latency of the first ejaculation series. The 
percentages of animals performing sexual behavior during the experimental period can 
be found in supplementary figure 2.

Because it is important to have comparable pharmacodynamics and kinetics in 
pharmacological studies, a test of fixed duration has been chosen; 30 minutes (1800 
sec). Parameters from only the first ejaculation series, which includes the first post-
ejaculatory interval, were used to run the statistical analysis. The rationale behind this 
is that some treatments can decrease sexual behavior to zero (e.g. zero ejaculations) 
and some animals cannot be used to perform statistics. For those cases, we used 
artificial values of 1800 sec (i.e. the maximum test duration) for some latencies 
(ejaculation, mount and intromission latency), although this is undoubtedly a matter 
of discussion as we have mentioned before (Chan et al., 2011; Olivier et al., 2017a). In 
the cases in which drugs inhibited ejaculatory behavior, few or no animal achieve a 
second ejaculation and statistical analyses of the second ejaculatory series was not 
possible. If a drug blocked ejaculation and sexual performance, data values attributed 
to EL, ML, IL were 1800 sec and the frequencies values (MF, IF) for all animals for 
statistical purposes. All tables and figures show the results for the first Ejaculation 
Series. 

2.4 Drugs
Tramadol hydrochloride (Pharmacy, UMC Groningen, the Netherlands) was prepared 
from tablets obtained from a local pharmacy, grinded and suspended in 0.9% NaCl (saline). 
Naloxone hydrochloride (Abcam; Cambridge, UK) and WAY100,635 maleate (Tocris 
Bioscience; Bristol, UK) were dissolved in saline and each solution was freshly prepared 
on each testing day. All drugs were administered via intraperitoneal (IP) injection.

2.5 Training
After 6-weekly training tests (30 min/test), male rats were considered sexually trained 
and classified based on ejaculation frequencies per test in: average (2-3 ejaculations/
test), fast (>3 ejaculations/test), and slow (0-1 ejaculations/test) groups (Chan et al., 
2008; Olivier et al., 2006; Pattij et al., 2005). Accordingly, nninety-five males were 
sexually trained and a total of 36 male rats with an average number of ejaculations were 
selected and used during all the experiments, which lasted 25 weeks. In all individual 
experiments 12 rats per genotype (SERT+/+ (N=32), SERT+/- (N=32) and SERT-/- (N=31)) 
were used and animals were used only once a week to guarantee sufficient drug washout 
time. Rats had a habituation period of 10 minutes in the testing box right before the 
training session. At the end of the habituation period a receptive female was introduced 
in the box and sexual behavior was assessed for 30 minutes. Females that were not 
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receptive were switched for a different female that showed receptivity. The training and 
testing occurred in wooden rectangular (57 cm x 82 cm x 39 cm; glass wall) testing boxes 
filled with regular bedding material. To stimulate sexual behavior, bedding material 
was not changed during the training and testing to preserve pheromones of previous 
rounds and to create a more competitive sexual environment. The sexual parameters 
scored were: total number of ejaculations of all the tests; the total number of mounts 
and intromissions per ejaculatory series and their respective latencies were scored for 
weeks 2, 3 and 6. Only males showing stable ejaculation levels (2-3 ejaculations on the 
last training tests) were used for the pharmacological experiments (N=12 per genotype, 
36 in total). Although male SERT-/- rats generally display a lower sexual behavior level 
than SERT+/+ rats (Chan et al 2011; Olivier et al. 2010), we selected the highest performing 
SERT-/- animals, determined by the number of ejaculations/tests, for these experiments 
to avoid base-line differences that complicate drug studies. All training sessions and 
experiments were performed under red light conditions between 10:00 AM and 17:00 PM

2.6 Pharmacological Experiments
Experimental design: We selected 36 male rats from a pool of 95 males that were trained 
weekly for 6 weeks on their basal sexual behavior. These 36 rats (12 of each genotype) 
did not differ in their sexual level of performance. Four experiments were performed on 
these 36 rats, performing one test per week on each rat. Doses of drugs and vehicle tested 
were distributed via a crossover design. Between experiments at least one week of rest 
(non-testing) was given. 

Experiment one: Tramadol dose response. 36 average ejaculating male rats were 
selected (N=12 per genotype). The three groups went on a crossover design and received 
vehicle (saline), 5, 10, 20, 40 and 50-mg/kg tramadol, IP (tramadol hydrochloride). 
Because it was physically not possible to test 36 animals in one test-day, we performed 
testing per week on two consecutive testing days (always the same two days) over 
six weeks and randomized animals and treatment over these two days and over the 
six weeks. 

Experiment two: WAY100,635 dose response. The same 36 animals were used on a 
crossover design to receive vehicle (saline), 0.1, 0.3 and 1 mg/kg WAY100,635, IP. Testing 
was performed over 4 weeks and two consecutive days per week. 

Experiment three: Naloxone dose response. The same 36 animals were used on a crossover 
design received vehicle (saline), 5, 10 and 20 mg/kg naloxone, IP. Testing was performed 
over 4 weeks and two consecutive days per week.
Experiment four: Tramadol + WAY100,635 + Naloxone. All 36 rats were treated using a 
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crossover design with vehicle + vehicle, vehicle + tramadol (20 mg/kg), tramadol (20 mg/
kg) + WAY100,635 (0.3 mg/kg;), tramadol (20 mg/kg) + naloxone (20 mg/kg) or tramadol 
(20 mg/kg) + WAY 100,635 (0.3 mg/kg) + naloxone (20 mg/kg) using IP dosing. This 
experiment was performed over 6 weeks and two consecutive days per week. 

2.7 Statistical analyses
For the tramadol, WAY 100,635 and naloxone dose response experiments data were 
normally distributed and analyzed with parametric tests, performing one way-ANOVA 
with repeated measures and Bonferroni post-hoc statistical analysis (within group) and 
two-way ANOVA and Dunn post hoc test (between groups) to analyze these data. For the 
last experiment (Tramadol + WAY100635 + Naloxone) data were not normally distributed 
and non-parametric statistics were performed; Friedman repeated measures test with a 
rank sum tests (Tukey-HSD) post hoc and a Friedman two-way ANOVA with multiple 
comparisons. All data were analyzed using GraphPad Prism software 6.0 (Graph Pad 
Software Inc., La Jolla, USA). Level of significance was set at p < 0.05. Parametric data 
are expressed as mean ± SEM and non-parametric data are expressed as median (and 
interquartile rang (IQR)). 
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3. Results

3.1 Sexual stability 
The sexual performance of the animals during the duration of the study stabilized 
throughout the training session period. From the 95 male rats sexually trained, only 
36 animals that showed sexual performance and ejaculations were selected to do the 
pharmacological studies (SERT+/+ and SERT+/-: 2-3 ejaculations; SERT-/- 1-2 ejaculations). 
During this period, the number of ejaculations was registered, and animals showed 
stable ejaculatory behavior (fig.1). The ejaculation frequencies of SERT+/- animals were 
never significantly different from the SERT+/+ rats; SERT-/- rats did not significantly differ 
in ejaculation frequencies compared to wild type rats over the whole duration of the 
experiments. Because SERT+/- animals did not show any significant differences from 
SERT+/+ rats at any time point in any drug experiment, all results of the SERT+/- animals 
have not been used, but all data can be found in the supplementary figures and tables. 

Because we tested the experimental animals over an extensive period of time (more than 
half a year) a risk of changes in the sexual performance level over time might be present. 
Moreover, animals received sequentially a considerable number and doses of different 
drugs. Although at least always one-week wash-out was applied, the possibility exists that 
‘carry-over’ effects might occur. We did not find any evidence for either changes in the 
basal level of sexual behavior over time, or any ‘carry-over’ drug effects. Fig. 1 illustrates 
that the ‘vehicle’ (placebo) values (e.g. of ejaculation frequency) of the three genotype 
groups are very constant over time (at least 26 weeks; Supplementary table 1). These 
findings are in line with our earlier experiments using tramadol (Olivier et al. 2017a) and 
others (Olivier et al. 2017b). 

3.2 Dose-response of tramadol
In the dose-response experiment (Exp. 1; fig. 2; Suppl. Tables 3 and 4)) the lowest doses of 
tramadol (5 and 10 mg/kg) had no significant effects on sexual behavior; the intermediate 
and high doses (20, 40 and 50 mg/kg) induced significant effects on behavioral parameters 
of sexual behavior (fig. 2) in SERT+/+ animals, whereas only doses of 40 and 50 mg/kg 
induced significant effects in SERT-/- rats. At these high doses, numbers of E, M and I were 
significantly decreased and latencies of E, M and I were significantly increased compared 
to the placebo (saline) group. The 50-mg/kg dose provoked a dramatic reduction of sexual 
activity in both SERT+/+ and SERT-/- animals. The 20 mg/kg dose significantly increased 
mount and intromission latencies and significantly decreased the intromission frequency 
in SERT+/+ animals, and the number of intromissions were significantly different between 
genotypes.



106   |   Chapter 5

Fig 1. Distribution of ejaculation frequencies of male Wistar rats that were sexually trained over 6 weeks 
(total n=95; SERT+/+ n=32, SERT+/- n=32 and SERT-/- n=31) and pharmacologically tested from week 7 to 
25. (total n=36; SERT+/+ n=12, SERT+/- n=12 and SERT-/- n=12).

Fig 2. Sexual behavior of male rats (N=12/ group) treated with 0, 10, 20, 40 or 50 mg/kg tramadol. Data 
are given as mean ± SEM. The number and latency of ejaculations per 30 min (A, D), number and 
latency of Mounts (B, E), number and latency of Intromissions (C, F) of the first Ejaculation Series are 
given. Detailed statistical analyses (ANOVA repeated measures) are shown in Suppl. Tables 1 and 2. a: 
significant difference (P<0.05) compared to saline group. +: significant difference between SERT+/+ and 
SERT-/- (P<0.05).
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3.3 Dose-response of WAY100,635
WAY100,635 (0.1, 0.3, and 1 mg/kg) had no significant effects on sexual parameters in 
SERT+/+ animals; however, in SERT-/- rats all doses significantly reduced EF and increased 
EL (fig. 3; Suppl. Tables 5 and 6)) when compared to saline. M (at 1 mg/kg) and I (at 0.3 
and 1 mg/kg) frequencies, and IR (at 0.1, 0.3 and 1-mg/kg) were significantly decreased, 
whereas M and I latencies (at 0.3 and 1.0-mg/kg) were significantly increased in SERT-/- 
rats compared to SERT+/+ rats. 

Fig 3. Sexual behavior of male rats (N=12/group) treated with saline, WAY100,635 0.01 mg/kg, 
WAY100,635 0.03 mg /kg or WAY100,635 3mg/kg. Data are given as mean ± SEM. The number and 
latency of ejaculations per 30 min (A, D), number and latency of Mounts (B, E), number and latency 
of Intromissions (D, F), and Copulatory Efficiency (G). Detailed statistical analyses (ANOVA repeated 
measures) are shown in Suppl. Tables 3 and 4. a: significant difference (P<0.05) compared to saline group. 
+: significant difference between SERT+/+ and SERT-/- (P<0.05).
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3.4 Dose response of Naloxone
Naloxone had very limited effects in the SERT+/+ animals; only the 5-mg/kg dose decreased 
the ejaculation frequency (fig. 4; Suppl. Tables 7 and 8)), but not in SERT+/- rats. Naloxone 
(5, 10 and 20 mg/kg) had significant effects on the ejaculation frequency of SERT-/- rats, 
slightly decreasing (but not in a dose-dependent way) the number of ejaculations. The 
rest of the parameters (M and I frequencies and latencies) was not significantly affected 
in either SERT+/+ or SERT-/- animals. The efficiency to reach ejaculation (IR) was increased 
after 10 and 20 mg/kg naloxone administration in SERT+/+ animals. 

3.5 WAY 100,635, naloxone and tramadol interactions 
Tramadol (20 mg/kg) did not induce significant differences compared to placebo (S+S) in 
either SERT+/+ or SERT-/- animals (fig. 6; supplementary tables 9 and 10). Combining tramadol 
(20 mg/kg) with 0.3 mg/kg WAY100,635 compared to vehicle (S+S), induced significant 
decreases in EF and MF, and an increase in ML in SERT+/+ rats, whereas in SERT-/- rats all 
parameters were significantly affected; decreases in EF, MF, IF and IR, increases in EL, ML 
and IL. However, no significant differences were present in any parameter between SERT+/+ 
and SERT-/- rats. Combining tramadol (20 mg/kg) with 20 mg/kg naloxone, compared to 
vehicle, induced significant decreases in EF, MF and IF and significant increases in ML and 
IL in SERT+/+ rats, whereas in SERT-/- rats EF and IF were significantly decreased. Effects on 
IF, ML and IL were significantly stronger in SERT+/+ animals compared to SERT-/- animals. 
The combination of 0.3 mg/kg WAY100,635 + 20 mg/kg naloxone + 20 mg/kg tramadol 
completely abolished sexual behavior in SERT+/+ and SERT-/- rats (fig 6). 
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Fig 4. Sexual behavior of male rats (N=12/group) treated with saline, Naloxone 5 mg/kg, Naloxone 10 
mg/kg or Naloxone 20 mg/kg. Data are given as mean ± SEM. The number and latency of ejaculations 
per 30 min (A, D), number and latency of Mounts (B, E), number and latency of Intromissions (C, F), 
and Copulatory Efficiency (G). Detailed statistical analyses (ANOVA repeated measures) are shown in 
Suppl. Tables 5 and 6. a: significant difference (P<0.05) compared to saline group. +: significant difference 
between SERT+/+ and SERT-/- (P<0.05).
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Fig 5. Sexual behavior of male rats (N=12/group) treated with saline + saline (S+S), tramadol (20 mg/kg) 
+ saline (T+S), tramadol (20 mg/kg) + WAY100,635 (0.3 mg/kg) (T+W), tramadol (20 mg/kg) + Naloxone 
(20 mg/kg; T+N) and tramadol (20 mg/kg) + WAY100,635 (0.3 mg/kg) + Naloxone (20 mg/kg; T+W+N). 
The number and latency of ejaculations per 30 min (A, D), number and latency of Mounts (B, E), number 
and latency of Intromissions (C, F), and Intromission Rate (G). Detailed statistical analyses (Friedman 
test) are shown in Suppl. Tables 7 and 8. a: significant difference (P<0.05) compared to saline + saline 
group. +: significant difference between SERT+/+ and SERT-/- groups (P<0.05)
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4.Discussion

When administered acutely (IP), low doses of tramadol (5 and 10 mg/kg) have no 
significant effects on sexual behavior of SERT+/+, SERT+/- and SERT-/- male rats, selected for 
normal levels of ejaculation (around 2-3 ejaculations/test). The 20-mg/kg tramadol dose 
was clearly at the boundary of pharmacological relevance. Some minor, but inconsistent 
effects were seen. At doses of 40 and 50 mg/kg tramadol significantly inhibited sexual 
performance of all SERT genotypes, with the strongest effect at the 50-mg/kg dose that 
nearly reduced it to zero. These findings essentially replicated our earlier findings on 
the effects of tramadol on male sexual behavior in rats ( Olivier et al., 2017a). We tried 
to gain further understanding whether the effects of tramadol on sexual behavior are 
consequence of the 5-HT reuptake inhibiting effects of tramadol and/or action on the 
μ opiate receptor. In previous investigations of our research group, performed only on 
wildtype Wistar rats (Olivier et al., 2017a), it was hypothesized that the inhibitory effects 
on sexual behavior after acutely administered tramadol, were mainly due to its SSRI 
properties but could not exclude a role for the μ-opioid receptor (Olivier et al., 2017a). We 
decided to test tramadol also in SERT-knockout rats (both heterozygous and homozygous 
knockout animals) in order to exclude the SSRI component in the mechanism of action 
of tramadol in its sexual inhibiting effects. Because the effects of all drugs and doses 
used (tramadol, WAY100,635, naloxone and combinations) in heterozygous SERT+/- rats 
did not essentially deviate from those in SERT+/+, we did not use the SERT+/- data, but all 
information is given in Supplementary Information. 

Surprisingly, tramadol exerted comparable inhibitory actions on sexual behavior in 
SERT+/+ and SERT-/- rats (fig. 2). We had expected that tramadol would exert less inhibitory 
effects on sexual behavior in the SERT-/- rats because of the absence of any SERT molecule 
in this genotype ( Judith R. Homberg et al., 2007). Apparently, the other main mechanism 
of action present in tramadol, agonism for the μ-opiate receptor, might have caused 
the inhibitory sexual action in the knockout rats. If so, it was expected that naloxone, a 
μ-opiate receptor antagonist, would antagonize the tramadol-induced decrease in sexual 
behavior in SERT-/- rats. However, the dose of 20 mg/kg naloxone, that had limited (only 
inhibition of ejaculation frequency) effects in SERT-/- rats on its own (exp. 3; fig. 4), was 
neither able to antagonize the effect of tramadol on ejaculation frequency nor had any 
further inhibiting effects on other sexual parameters. Actually, this dose of naloxone 
combined with tramadol (20 mg/kg), did not change the behavior consistently compared 
to naloxone alone. This suggests that the sensitivity of the μ-opioid system in the brain 
of SERT-/- rats had not been changed due to lifelong absence of the SERT. No data has 
been published in SERT-/- rats on sensitivity of the opioid system, but in SERT-/- mice the 
limited evidence suggests that the pharmacological sensitivity for the analgesic effects 
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of morphine is unaltered (Hall et al., 2011). Remarkably, naloxone (fig. 3) had, at all doses 
tested in the dose-response study (5-20 mg/kg), but also in the single dose study (fig. 5), 
a very consistent, but not dose-dependent effect on ejaculation frequency in the SERT-/- 
rats but not so in the SERT+/+. In our previous tramadol studies in Wild type Wistar rats 
(Olivier et al., 2017a), 5 and 10 mg/kg naloxone had no effect on male rat sexual behavior, 
whereas 20-mg/kg naloxone was more inhibitory on sexual behavior than in the present 
experiments. Although in the previous study (Olivier et al., 2017a) some evidence was 
present that a relatively low dose of naloxone (10 mg/kg) very marginally antagonized 
some parameters of sexual behavior (ML and EL) after a high tramadol dose (50-mg/
kg) that reduced all sexual behavioral parameters, we did not repeat this experiment 
in the present studies because the emerging data did not point to a strong influence of 
the opioid system in tramadol’s effects on sexual behavior. Other ligands with μ-opiate 
receptor agonistic activity like morphine that inhibited male sexual behavior in rats 
(Ågmo & Paredes, 1988; McIntosh et al., 1980) could be, dose-dependently and completely, 
antagonized by naloxone. Moreover, like in our hands, the intrinsic activity of naloxone on 
male rat sexual behavior is not clear-cut (Gessa et al., 1979; McIntosh et al., 1980; Myers & 
Baum, 1979), reporting both stimulatory and inhibitory effects. Apparently, other factors 
contributing to the inhibitory effects of tramadol on male sexual activities are probably 
more important than the contribution of the opioid system. 

As suggested in our previous study (Olivier et al., 2017a), we think that the inhibitory 
effects of tramadol on male sexual behavior in the SERT+/+ animals are mainly (if not 
exclusively) due to blockade of the serotonin transporter. When in SERT+/+ rats an acute 
dose (20 mg/kg) of tramadol that has no consistent effects on sexual behavior, is combined 
with 0.3 mg/kg WAY100,635, a 5-HT1A receptor antagonist that also does not affect sexual 
behavior on its own (Fig. 5), sexual behavior is inhibited, confirming our earlier data 
(Olivier et al., 2017a). It is postulated that the inhibitory action of SSRIs on male sexual 
behavior is mediated via 5-HT1A receptors (De Jong et al., 2005; Olivier et al., 2011). It is 
found (Bloms-Funke et al., 2011) that the SSRI component in tramadol leads to enhanced 
levels of extracellular concentrations of 5-HT in the brain. Actually, the (+)-enantiomer 
and its (+)-M1 metabolite of tramadol have serotonin-reuptake inhibiting effects, whereas 
the (-)-enantiomer and its (-)-M2 metabolite have noradrenalin reuptake inhibiting 
effects (Matthiesen et al., 1998). The latter enantiomer causes the enhanced extracellular 
noradrenaline levels due to blockade of the NET (Bloms-Funke et al., 2011). SSRIs hardly 
enhance 5-HT after acute administration, e.g. in the frontal cortex (Beyer et al., 2002; Beyer 
& Cremers, 2008). This phenomenon possibly causes the lack of sexual inhibitory effects 
of SSRIs after acute administration (Olivier et al., 2017b). Pharmacological experiments 
with the (+)- and (-)-enantiomers of tramadol have not been performed but might be 
helpful in further determining the role of the noradrenergic vs. the serotonergic uptake 
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properties of tramadol on sexual behavior. Adding a 5-HT1A receptor antagonist to an SSRI 
leads to acute enhanced 5-HT levels in the brain (Beyer et al., 2002).These enhanced 5-HT 
levels very likely lead to acute and dose-dependent inhibition of male sexual behavior 
by SSRIs (De Jong et al., 2005; Olivier et al., 2010b; Olivier et al., 2017a). Our findings with 
tramadol are in line with the SSRI data. Lower doses of tramadol have relatively small 
enhancing effects on extracellular 5-HT levels in the ventral hippocampus, but higher 
doses have considerable enhancing effects (Bloms-Funke et al., 2011), associated with 
sexual inhibiting effects at high tramadol doses in our present study. The 20 mg/kg dose 
of tramadol has no or only very limited sexual inhibitory effects but combined with 0.3 
mg/kg WAY100,635, strong inhibitory effects are found. These data strongly suggest, in 
analogy to SSRIs, that chronic tramadol treatment in wild type rats will lead to inhibition 
of male rat sexual behavior. 

As shown before (Chan et al., 2011) and replicated in our studies here, SERT-/- rats, but not 
SERT+/- rats, have a basal lower level of sexual behavior. Because we wanted to study drugs 
on animals with comparable basal levels of sexual performance, we selected the better 
performing SERT-/- males (N=12) from the training pool (N=31) after 6 weekly training 
sessions of 30 min (fig. 1). In all the pharmacology experiments (figs. 2, 3, 4 and 5) the 
vehicle data of these SERT-/- animals never deviated significantly from the SERT+/+ males, 
indicating the stability of the two genotypes over time. Remarkably, the SERT+/- rats 
never deviated in any aspect or under any pharmacological treatment from SERT+/+ rats, 
confirming earlier data (Chan et al., 2011). The basal level of sexual behavior in SERT-/- rats 
is comparable to that of chronically SSRI-treated rats (De Jong et al., 2005a; De Jong et 
al., 2005b, 2006; Olivier et al 2017b). Acute administration of SSRIs at doses that reach 
>80% SERT occupancy, does not reliably induce inhibition of sexual behavior. Likely, 
adaptations (down regulation) in the SERTs occur after chronic SSRI treatment that 
underlies the changed sexual performance (Oosting, Chan, Olivier, Banerjee, et al., 2016).

SERT-/- rats display severe disturbances in serotonergic signaling and homeostasis ( Judith 
R. Homberg et al., 2007), including strongly reduced 5-HT tissue levels and depolarization-
induced 5-HT release. Basal extracellular 5-HT levels were nine-fold increased, whereas 
no major adaptations in other monoaminergic systems (noradrenalin and dopaminergic 
systems) were found. Constitutive absence of the SERT leads to several adaptations in 
the serotonergic system, where in particular adaptations of 5-HT1A receptors are present 
(Homberg et al., 2008; Olivier et al., 2008). Earlier studies in SERT-/- rats with regard to 
male sexual behavior (Chan et al., 2010) suggested that lifelong absence of the SERT might 
have differential effects on two different pools of 5-HT1A receptors. One pool of 5-HT1A 
receptors with unchanged sensitivity seems to mediate the pro-sexual effects of 5-HT1A 
receptor agonists like 8-OH-DPAT (Chan et al., 2011), whereas the other pool, mediating the 
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inhibitory effects of blocked 5-HT1A receptors, appears sensitized in the SERT-/- rats (Chan et 
al., 2011) . This complex of two differentially regulated 5-HT1A receptor pools in SERT-/- rats 
has also been found in autonomic regulation of body temperature and stress responses 
(Olivier et al., 2008). This pool of sensitized 5-HT1A receptors leads to an enhanced response 
to WAY100,635, which was confirmed in the present study. WAY100,635 had no behavioral 
effects in SERT+/+ rats, but strongly (and somewhat dose-dependently) inhibited male sexual 
behavior at all doses in SERT-/- rats. Combination of tramadol and WAY100,635 at doses that 
by themselves had no sexual behavior effects in SERT+/+ rats, led to inhibition of sexual 
behavior in both SERT+/+ and SERT-/- animals, although stronger (but not significantly) in 
the SERT-/- rats (fig. 5). Apparently, in SERT+/+ rats, adding an SSRI effect (in tramadol) to 
blockade of 5-HT1A receptors on itself leads to sexual inhibition, whereas the tramadol + 
WAY100,635 combination in SERT-/- animals does not inhibit more than WAY100,635 alone.

Combining tramadol (20 mg/kg) + naloxone (20 mg/kg) + WAY100,635 (0.3 mg/kg) led to 
severe inhibition of sexual behavior in both SERT+/+ and SERT-/- rats (fig.5). The tramadol/
WAY100,635 combination in SERT+/+ rats has already considerable inhibitory effects, adding 
this to a naloxone dose (20 mg/kg) that is ineffective by itself, knocks the sexual behavior 
almost completely out. This holds also for the SERT-/- animals. It is unclear how to explain 
this wiping out of all active behaviors, but behaviorally non-specific factors (sedation, motor 
disturbances or otherwise) might be involved. Whether pharmacokinetic interactions 
might be involved is unclear, but tramadol (racemic) is extensively metabolized within 
the experimental period (30-60 minutes after injection) and rapidly, active metabolites (+ 
and – enantiomers) are formed (Sheikholeslami et al., 2016). In our experiments the 20 mg/
kg dose played a prominent role in our behavioral studies, and this dose (Sheikholeslami 
et al., 2016) led to plasma and cerebrospinal fluid (CSF) levels of (+ and – tramadol) and 
M1 and M2 metabolites that rapidly reached peak plasma and CSF levels; plasma levels 
of all components were at least at a constant high level during the first 60 minutes, the 
time that we conducted our experiments. It is, however, possible that a combination of 
tramadol with either naloxone and/or WAY100,635 might have led to pharmacokinetic 
interactions, e.g. via modulation of the CYP450-mediated phase I metabolic reactions of 
racemic tramadol responsible for the emergence of the behaviorally active metabolites M1 
and M2. In humans, phase I metabolism runs primarily via CYP2D6 and CYP3A4 (Miotto et 
al., 2017). Although not extensively investigated, there seems to be a large similarity between 
human and rat metabolism of tramadol (Sheikholeslami et al., 2016). Unfortunately, nothing 
is known about the exact pharmacokinetics and metabolism of WAY100,635 whereas data 
on naloxone are also scarce, particularly in rats. Unfortunately, this means that we cannot 
conclude that the combination treatments of tramadol with WAY100,635 and naloxone 
are influenced via metabolizing effects due to facilitation or inhibition of certain CYP450 
systems in the liver or brain.
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Finally, a putative role for the noradrenalin-reuptake effects of tramadol should be 
considered. It might be possible that noradrenalin transporters (NET) have (partly) taken 
over the role of the SERT in order to compensate for the loss of the SERT in the SERT-/- rat. 
Although there is some minor evidence for promiscuity of the NET for 5-HT (Homberg 
et al. 2007), there is considerable evidence (Olivier et al., 2010) that SERT-/- rats have 
adapted their catecholaminergic systems to compensate for a life-long disturbed 5-HT 
neurotransmission and that drugs that influence such systems might have differential 
effects in SERT+/+ and SERT-/- rats. Preliminary evidence with atomoxetine, a NET-
inhibitor, did not point to differences in sexual behavior in SERT+/+ and SERT-/- rats (data 
not shown), suggesting that the effects of tramadol in both genotypes are largely, if not 
exclusively due to changes in the serotonergic system.

In conclusion, all the data gathered thus far suggest that the inhibitory action of tramadol 
on male sexual behavior is mainly, if not exclusively due to the blockade of the serotonin 
transporter, a mechanism that also in SSRIs is responsible for its inhibitory action on the 
ejaculation latency in males with premature ejaculation.
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Supplementary data

Supplementary Figure 1. Effects of tramadol in male SERT+/- rats. N=12 animals/group 

Supp. Figure 1. Sexual behavior of SERT+/- male rats (N=12/ group) treated with 0, 10, 20, 40 or 50 mg/
kg tramadol. Data are given as mean ± SEM. The number and latency of ejaculations per 30 min (A, D) 
and latency of Mounts (B, E), number and latency of Intromissions (C, F) of the first Ejaculation Series 
are given. Detailed statistical analyses (ANOVA repeated measures) are shown in Suppl. Tables 9. a: 
significant difference (P<0.05) compared to saline group. 
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Supplementary Figure 2. Effect of WAY 100635 in male SERT+/- rats. N=12 animals/group 

Supp. Figure 2. Sexual behavior of SERT+/- male rats (N=12/group) treated with saline, WAY,100635 0.01 
mg/kg, WAY100,635 0.03 mg/kg or WAY100,635 3 mg/kg. Data are given as mean ±SEM. The number 
and latency of ejaculations per 30 min (A, D), number and latency of Mounts (B, E), number and latency 
of Intromissions (D, F). Detailed statistical analyses (ANOVA repeated measures) are shown in Suppl. 
Table 10. a: significant difference (P<0.05) compared to saline group. 
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Supplementary Figure 3. Effect of naloxone in male SERT+/- rats. N=12 animals/group

Supp. Figure 3. Sexual behavior of SERT+/- male rats (N=12/group) treated with saline, Naloxone 5 
mg/kg, Naloxone 10 mg/kg or Naloxone 20 mg/kg. Data are given as mean ± SEM. The number and 
latency of ejaculations per 30 min (A, D), number and latency of Mounts (B, E), number and latency 
of Intromissions (C, F). Detailed statistical analyses (ANOVA repeated measures) are shown in Suppl. 
Table 11. a: significant difference (P<0.05) compared to saline group. 
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Supplementary Figure 4. WAY100,635 + naloxone + tramadol effects in male SERT+/- rats. N=12 
animals/group 

Supp. Figure 4. Sexual behavior of SERT+/- male rats (N=12/group) treated with saline + saline (S+S), 
tramadol (20 mg/kg) + saline (T+S), tramadol (20 mg/kg) + WAY100,635 (0.3 mg/kg; T+W), tramadol (20 
mg/kg) + Naloxone (20 mg/kg; T+N) and tramadol (20 mg/kg) + WAY100,635 (0.3 mg/kg) + Naloxone 
(20 mg/kg; T+W+N). The number and latency of ejaculations per 30 min (A, D), number and latency of 
Mounts (B, E), number and latency of Intromissions (C, F), and Intromission Rate (G). Detailed statistical 
analyses (ANOVA repeated measures) are shown in Suppl. Table 12. a: significant difference (P<0.05) 
compared to saline + saline group. 
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Suppl. table 1: Sexual Behavior performance over time of male SERT+/+, SERT+/- and SERT-/- Wistar rats.

Week Week

Geno-type
SERT

1
Mean ± SEM

A

2
Mean ± SEM

B

3
Mean ± SEM

C

4
Mean ± SEM

D

5
Mean ± SEM

E

6
Mean ± SEM

F

7-13
Mean ± SEM

G

14-18
Mean ± SEM

H

19-25
Mean ± SEM

ANOVA repeated 
measures

+/+ 0.0±0.0 0.3±0.1 1.0±0.3
A,B

2.1±0.2
A,B

1.9±0.2 1.1± 0.2 1.9±0.2
A,B

2.1±0.3
A,B

3.1±0.2
A,B,C,E,F,G

F(8.88)=15.23; P<0.0001

+/- 0.5±0.2 0.6±0.2 1.6±0.3 2.1±0.2 
A,B

1.8±0.2 1.2±0.3 2.9±0.2 
A,B,F

2.5±0.3 
A,B

2.6±0.3 
A,B,F

F(8.88)= 8.94; P<0.0001

-/- 0.4±0.1 0.1±0.0 0.7±0.2 1.1±0.2 1.5±0.1
A,B

1.5±0.2
A,B

1.4±0.3
B

1.6±0.3
A,B

2.8±0.2
A,B,C,D,E,F,G,H

F(8.88)= 14.05; P<0.0001

2-way ANOVA ns ns ns ns ns ns P<0.001 ns ns F(8.297)= 28.05; P<0.001

During the first 6 weeks (training: one test/week) data of selected animals (SERT+/+ n=12, SERT+/- n=12 
and SERT-/- n=12) are given. In the latter case the mean (SEM) of the vehicle treatments in the three 
experiments is given.

Suppl. table 2: Percentage on animals performing sexual behavior parameters during drugs 
administration. SERT+/+ SERT-/- and SERT+/- Wistar rats. N=12/group 

Dose of tramadol, mg/kg Parameters 0 mg/kg 5 mg/kg 10 mg/kg 20 mg/kg 40 mg/kg 50 mg/kg

SERT Genotype % % % % % %

+/+
-/-
+/-

Ejaculation 91.6
75

100

100
91.6
91.6

100
100
100

58.3
66.6
83.3

33.3
25

33.3

0
0
25

+/+
-/-
+/-

Mount 100
100
100

100
100
100

100
100
100

75
100
91.6

41.6
41.6
41.6

0
33.3
8.3

+/+
-/-
+/-

Intromission 100
100
100

100
91.6
100

100
100
100

75
91.6
83.3

41.6
25

41.6

0
33.3
25

Dose of naloxone, mg/kg Parameters 0 mg/kg 5 mg/kg 10 mg/kg 20 mg/kg

SERT Genotype % % % %

+/+
-/-
+/-

Ejaculation 100
100
100

91.6
91.6
91.6

100
100
100

100
100
91.6

+/+
-/-
+/-

Mount 100
100
100

100
100
100

100
100
100

100
100
91.6

+/+
-/-
+/-

Intromission 100
100
100

91.6
100
100

100
100
100

100
100
91.6
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Suppl. table 1: Sexual Behavior performance over time of male SERT+/+, SERT+/- and SERT-/- Wistar rats.

Week Week

Geno-type
SERT

1
Mean ± SEM

A

2
Mean ± SEM

B

3
Mean ± SEM

C

4
Mean ± SEM

D

5
Mean ± SEM

E

6
Mean ± SEM

F

7-13
Mean ± SEM

G

14-18
Mean ± SEM

H

19-25
Mean ± SEM

ANOVA repeated 
measures

+/+ 0.0±0.0 0.3±0.1 1.0±0.3
A,B

2.1±0.2
A,B

1.9±0.2 1.1± 0.2 1.9±0.2
A,B

2.1±0.3
A,B

3.1±0.2
A,B,C,E,F,G

F(8.88)=15.23; P<0.0001

+/- 0.5±0.2 0.6±0.2 1.6±0.3 2.1±0.2 
A,B

1.8±0.2 1.2±0.3 2.9±0.2 
A,B,F

2.5±0.3 
A,B

2.6±0.3 
A,B,F

F(8.88)= 8.94; P<0.0001

-/- 0.4±0.1 0.1±0.0 0.7±0.2 1.1±0.2 1.5±0.1
A,B

1.5±0.2
A,B

1.4±0.3
B

1.6±0.3
A,B

2.8±0.2
A,B,C,D,E,F,G,H

F(8.88)= 14.05; P<0.0001

2-way ANOVA ns ns ns ns ns ns P<0.001 ns ns F(8.297)= 28.05; P<0.001

During the first 6 weeks (training: one test/week) data of selected animals (SERT+/+ n=12, SERT+/- n=12 
and SERT-/- n=12) are given. In the latter case the mean (SEM) of the vehicle treatments in the three 
experiments is given.

Suppl. table 2: Percentage on animals performing sexual behavior parameters during drugs 
administration. SERT+/+ SERT-/- and SERT+/- Wistar rats. N=12/group 

Dose of tramadol, mg/kg Parameters 0 mg/kg 5 mg/kg 10 mg/kg 20 mg/kg 40 mg/kg 50 mg/kg

SERT Genotype % % % % % %

+/+
-/-
+/-

Ejaculation 91.6
75

100

100
91.6
91.6

100
100
100

58.3
66.6
83.3

33.3
25

33.3

0
0
25

+/+
-/-
+/-

Mount 100
100
100

100
100
100

100
100
100

75
100
91.6

41.6
41.6
41.6

0
33.3
8.3

+/+
-/-
+/-

Intromission 100
100
100

100
91.6
100

100
100
100

75
91.6
83.3

41.6
25

41.6

0
33.3
25

Dose of naloxone, mg/kg Parameters 0 mg/kg 5 mg/kg 10 mg/kg 20 mg/kg

SERT Genotype % % % %

+/+
-/-
+/-

Ejaculation 100
100
100

91.6
91.6
91.6

100
100
100

100
100
91.6

+/+
-/-
+/-

Mount 100
100
100

100
100
100

100
100
100

100
100
91.6

+/+
-/-
+/-

Intromission 100
100
100

91.6
100
100

100
100
100

100
100
91.6
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Suppl. table 2: Continued

Dose of WAY100-635, mg/kg Parameters 0 mg/kg 0.1 mg/kg 0.3 mg/kg 1 mg/kg

SERT Genotype % % % %

+/+
-/-
+/-

Ejaculation 75
91.6
91.6

83.3
33.3
91.6

66.6
25

66.6

66.6
16.6
66.6

+/+
-/-
+/-

Mount 91.6
100
91.6

100
91.6
100

91.6
41.6
83.3

75
25

83.3

+/+
-/-
+/-

Intromission 91.6
91.6
91.6

100
75

100

75
41.6
83.3

83.3
25

83.3

Dose of drug, mg/kg Parameters 0 mg/kg
(saline + 
saline)

20 mg/kg
Tramadol +

Saline

20 mg/kg 
Tramadol +
WAY 100635

20 mg/kg 
Tramadol + 
Naloxone

20 mg/kg 
Tramadol + WAY 

100635 + Naloxone 

SERT Genotype % % % % %

+/+
-/-
+/-

Ejaculation 58.3
83.3
83.3

50
50

41.6

33.3
8.3
33.3

8.3
33.3
16.6

0
0
0

+/+
-/-
+/-

Mount 83.3
100
100

66.6
91.6
66.6

25
25

41.6

33.3
91.6
50

0
0
0

+/+
-/-
+/-

Intromission 83.3
100
100

50
66.6
58.3

41.6
16.6
58.3

16.6
75

58.3

0
0
0
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Suppl. table 2: Continued

Dose of WAY100-635, mg/kg Parameters 0 mg/kg 0.1 mg/kg 0.3 mg/kg 1 mg/kg

SERT Genotype % % % %

+/+
-/-
+/-

Ejaculation 75
91.6
91.6

83.3
33.3
91.6

66.6
25

66.6

66.6
16.6
66.6

+/+
-/-
+/-

Mount 91.6
100
91.6

100
91.6
100

91.6
41.6
83.3

75
25

83.3

+/+
-/-
+/-

Intromission 91.6
91.6
91.6

100
75

100

75
41.6
83.3

83.3
25

83.3

Dose of drug, mg/kg Parameters 0 mg/kg
(saline + 
saline)

20 mg/kg
Tramadol +

Saline

20 mg/kg 
Tramadol +
WAY 100635

20 mg/kg 
Tramadol + 
Naloxone

20 mg/kg 
Tramadol + WAY 

100635 + Naloxone 

SERT Genotype % % % % %

+/+
-/-
+/-

Ejaculation 58.3
83.3
83.3

50
50

41.6

33.3
8.3
33.3

8.3
33.3
16.6

0
0
0

+/+
-/-
+/-

Mount 83.3
100
100

66.6
91.6
66.6

25
25

41.6

33.3
91.6
50

0
0
0

+/+
-/-
+/-

Intromission 83.3
100
100

50
66.6
58.3

41.6
16.6
58.3

16.6
75

58.3

0
0
0
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Suppl. table 3: Effects of Tramadol on Sexual Behavior of male SERT+/+ Wistar rats. N=12/group 

Dose of tramadol, mg/kg 0 mg/kg
A

5 mg/kg
B

10 mg/kg
C

20 mg/kg
D

40 mg/kg
E

50 mg/kg ANOVA repeated 
measures significance

Parameters measured Mean ± SEM Mean ± SEM Mean ± SEM Mean ± SEM Mean ± SEM Mean ± SEM

# E 1.9±0.2 2.8±0.2 2.1±0.1 1.4±0.4
B

0.5±0.2
A,B,C

0.0±0.0
A,B,C,D

F(5,11)=17.29; P<0.0001

Latency 1st M (s) 119.8±102.8 98.5±48. 99.1±61.6 692.8±222.1 
A

1217±238
A,B,C

1795±5.3
A,B,C,D

F(5,11)=24.38; P<0.0001 

Latency 1st I (s) 249.9±147 161.9±84.2 229.3±106.2 843.6±214.5 
A,B

1249±225.5
A,B,C

1795±5.3
A,B,C,D

F(5,11)=18.26; P<0.0001

# M 1st series 14.5±1.8 9.4±2.3 12.5±2.6 7.5±2.8
B

3.3±1.6
A,C

0.0±0.0
A,B,C

F(5,11)=8.136; P<0.0001

# I 1st series 7.8±1.0 8.9±0.9 7.6±0.8 3.6±0.8
A

2.8±1.0
A,B,C

0.0±0.0
A,B,C

F(5,11)=14.61; P<0.0001

Latency 1st E (s) 773.9±142 448.4±92.4 714.9±115.1 1107±195.3
B

1503±133.6
A,B,C

1800±0.0
A,B,D

F(5,11)=17.21; P<0.0001

PEI 425.9±22.9 394.6±23.6 440.4±21.6 399.7±56.8 493.3±53.6 ------------- --------------------

CE1 34.0±4.8 54.9±6.3 43±5.2 37.9±9.6 21.8±8.4
B

8.3±8.3
B,C

F(5,11)=4.65;P= 0.0013

M= Mount; I= Intromission; E= Ejaculation; PEL= post-ejaculatory interval; #= number; CE= copulatory 
efficiency = [# intromissions / (# intromissions + # mounts)]*100. 

A= Significantly (P<0.05) different from 0 mg/kg. B= Significantly (P<0.05) different from 5 mg/kg. C= 
Significantly (P<0.05) different from 10 mg/kg. D= Significantly (P<0.05) different from 20 mg/kg. E= 
Significantly (P<0.05) different from 40 mg/kg.
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Suppl. table 3: Effects of Tramadol on Sexual Behavior of male SERT+/+ Wistar rats. N=12/group 

Dose of tramadol, mg/kg 0 mg/kg
A

5 mg/kg
B

10 mg/kg
C

20 mg/kg
D

40 mg/kg
E

50 mg/kg ANOVA repeated 
measures significance

Parameters measured Mean ± SEM Mean ± SEM Mean ± SEM Mean ± SEM Mean ± SEM Mean ± SEM

# E 1.9±0.2 2.8±0.2 2.1±0.1 1.4±0.4
B

0.5±0.2
A,B,C

0.0±0.0
A,B,C,D

F(5,11)=17.29; P<0.0001

Latency 1st M (s) 119.8±102.8 98.5±48. 99.1±61.6 692.8±222.1 
A

1217±238
A,B,C

1795±5.3
A,B,C,D

F(5,11)=24.38; P<0.0001 

Latency 1st I (s) 249.9±147 161.9±84.2 229.3±106.2 843.6±214.5 
A,B

1249±225.5
A,B,C

1795±5.3
A,B,C,D

F(5,11)=18.26; P<0.0001

# M 1st series 14.5±1.8 9.4±2.3 12.5±2.6 7.5±2.8
B

3.3±1.6
A,C

0.0±0.0
A,B,C

F(5,11)=8.136; P<0.0001

# I 1st series 7.8±1.0 8.9±0.9 7.6±0.8 3.6±0.8
A

2.8±1.0
A,B,C

0.0±0.0
A,B,C

F(5,11)=14.61; P<0.0001

Latency 1st E (s) 773.9±142 448.4±92.4 714.9±115.1 1107±195.3
B

1503±133.6
A,B,C

1800±0.0
A,B,D

F(5,11)=17.21; P<0.0001

PEI 425.9±22.9 394.6±23.6 440.4±21.6 399.7±56.8 493.3±53.6 ------------- --------------------

CE1 34.0±4.8 54.9±6.3 43±5.2 37.9±9.6 21.8±8.4
B

8.3±8.3
B,C

F(5,11)=4.65;P= 0.0013

M= Mount; I= Intromission; E= Ejaculation; PEL= post-ejaculatory interval; #= number; CE= copulatory 
efficiency = [# intromissions / (# intromissions + # mounts)]*100. 

A= Significantly (P<0.05) different from 0 mg/kg. B= Significantly (P<0.05) different from 5 mg/kg. C= 
Significantly (P<0.05) different from 10 mg/kg. D= Significantly (P<0.05) different from 20 mg/kg. E= 
Significantly (P<0.05) different from 40 mg/kg.
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Suppl. table 4: Effects of Tramadol on Sexual Behavior of male SERT-/- Wistar rats. N=12/group 

Dose of tramadol, mg/kg 0 mg/kg
A

5 mg/kg
B

10 mg/kg
C

20 mg/kg
D

40 mg/kg
E

50 mg/kg ANOVA repeated 
measures significance

Parameters measured Mean ± SEM Mean ± SEM Mean ± SEM Mean ± SEM Mean ± SEM Mean ± SEM

# E 1.4±0.3 1.9±0.3 1.6±0.2 1.0±0.29 0.4±0.2
B,C

0.0±0.0
A,B,C,D

F(5,11)=9.64; P<0.0001

Latency 1st M (s) 91.7±80.1 11.4±2.2 12.1±4.4 184.1±109.2 1165±220
A,B,C

1316±225.5
A,B,C,D

F(5,11)=17.88; P<0.0001 

Latency 1st I (s) 290.8±150 186.7±147.2 141.3±98.3 386.4±152.9 1445±189.7
A,B,C,D

1469±198
A,B,C,D

F(5,11)=17.98; P<0.0001

# M 1st series 21.1±4.5 13.3±1.3 19.7±5.6 9.9±2.26 3.5±1.4
A,C

1.8±1.4
A,C

F(5,11)=6.58; P<0.0001

# I 1st series 7.4±0.8 8.5±1.04 8.5±0.8 7.1±1.07 2.0±1.0
A,B,D

1.0±0.5
A,B,D

F(5,11)=15.35; P<0.0001

Latency 1st E (s) 1062±162.6 840.6±141.6 939.5±1607 1180±163.3 1630±103.1
A,B,C

1800±0.0
A,B,C,D

F(5,11)=9.16; P<0.0001

PEI 485.6±28.2 476.3±36.5 503.2±22.2 521.5±58.44 506.1±90.6 -------------- ------------------

CE1 31.3±4.5 37.3±4.0 40.7±5.5 43.2±6.15 11.3±5.9
C,D

20.8±10.1 F(5,11)=4.16;P= 0.0028

M= Mount; I= Intromission; E= Ejaculation; PEL= post-ejaculatory interval; #= number; CE= copulatory 
efficiency = [# intromissions / (# intromissions + # mounts)] *100. 

A= Significantly (P<0.05) different from 0 mg/kg. B= Significantly (P<0.05) different from 5 mg/kg. C= 
Significantly (P<0.05) different from 10 mg/kg. D= Significantly (P<0.05) different from 20 mg/kg. E= 
Significantly (P<0.05) different from 40 mg/kg.
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Suppl. table 4: Effects of Tramadol on Sexual Behavior of male SERT-/- Wistar rats. N=12/group 

Dose of tramadol, mg/kg 0 mg/kg
A

5 mg/kg
B

10 mg/kg
C

20 mg/kg
D

40 mg/kg
E

50 mg/kg ANOVA repeated 
measures significance

Parameters measured Mean ± SEM Mean ± SEM Mean ± SEM Mean ± SEM Mean ± SEM Mean ± SEM

# E 1.4±0.3 1.9±0.3 1.6±0.2 1.0±0.29 0.4±0.2
B,C

0.0±0.0
A,B,C,D

F(5,11)=9.64; P<0.0001

Latency 1st M (s) 91.7±80.1 11.4±2.2 12.1±4.4 184.1±109.2 1165±220
A,B,C

1316±225.5
A,B,C,D

F(5,11)=17.88; P<0.0001 

Latency 1st I (s) 290.8±150 186.7±147.2 141.3±98.3 386.4±152.9 1445±189.7
A,B,C,D

1469±198
A,B,C,D

F(5,11)=17.98; P<0.0001

# M 1st series 21.1±4.5 13.3±1.3 19.7±5.6 9.9±2.26 3.5±1.4
A,C

1.8±1.4
A,C

F(5,11)=6.58; P<0.0001

# I 1st series 7.4±0.8 8.5±1.04 8.5±0.8 7.1±1.07 2.0±1.0
A,B,D

1.0±0.5
A,B,D

F(5,11)=15.35; P<0.0001

Latency 1st E (s) 1062±162.6 840.6±141.6 939.5±1607 1180±163.3 1630±103.1
A,B,C

1800±0.0
A,B,C,D

F(5,11)=9.16; P<0.0001

PEI 485.6±28.2 476.3±36.5 503.2±22.2 521.5±58.44 506.1±90.6 -------------- ------------------

CE1 31.3±4.5 37.3±4.0 40.7±5.5 43.2±6.15 11.3±5.9
C,D

20.8±10.1 F(5,11)=4.16;P= 0.0028

M= Mount; I= Intromission; E= Ejaculation; PEL= post-ejaculatory interval; #= number; CE= copulatory 
efficiency = [# intromissions / (# intromissions + # mounts)] *100. 

A= Significantly (P<0.05) different from 0 mg/kg. B= Significantly (P<0.05) different from 5 mg/kg. C= 
Significantly (P<0.05) different from 10 mg/kg. D= Significantly (P<0.05) different from 20 mg/kg. E= 
Significantly (P<0.05) different from 40 mg/kg.



128   |   Chapter 5

Suppl. table 5: Effects of WAY10065 on Sexual Behavior of male SERT+/+ Wistar rats. N=12/group 

Dose of 
WAY10065, 

mg/kg

0 mg/kg
A

1.1 mg/kg
B

1.3 mg/kg
C

1 mg/kg ANOVA 
repeated 
measures significance

Parameters 
measured

Mean ± SEM Mean ± SEM Mean ± SEM Mean ± SEM

# E 2.08±0.3 1.7±0.3 1.7±0.4 1.58±0.3 F(3,11)=0.44; P=0.7246

Latency 1st M (s) 219.0±151.6 94.1±30.7 356.8±195 358.8±196.1 F(3,11)=1.22; P=0.3178 

Latency 1st I (s) 230.3±151.4 196.9±70.1 523.7±206.6 561.2±224.2 F(3,11)=1.86; P=0.1542

# M 1st series 12.7±2.6 15.58±4.4 10.8±2.4 11.5±3.9 F(3,11)=0.33; P=0.8025

# I 1st series 6.8±0.8 7.6±0.9 4.8±1.0 5.2±1.2 F(3,11)=1.75; P=0.1746

Latency 1st E (s) 637.8±137 963.3±185.4 901.9±201.3 1056±202.9 F(3,11)=1.64; P=0.1980

PEI 335.6±40.6 438.8±45.2 359.1±34.9 378.9±15.9 F(3,11)= 1.46; P=0.2440

CE1 35.7±4.9 43.4±6.2 26.5±6.3 28.7±6.3 F(3,11)=3.14;P=0.381

M= Mount; I= Intromission; E= Ejaculation; PEL= post-ejaculatory interval; #= number; CE= copulatory 
efficiency = [# intromissions / (# intromissions + # mounts)] *100. A= Significantly (P<0.05) different 
from 0 mg/kg. B= Significantly (P<0.05) different from 0.1 mg/kg. C= Significantly (P<0.05) different 
from 0.3 mg/kg. 
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Suppl. table 6: Effects of WAY10065 on Sexual Behavior of male SERT-/- Wistar rats. N=12/group 

Dose of 
WAY10065, 

mg/kg

1. mg/kg
A

0.1 mg/kg
B

0.3 mg/kg
C

1 mg/kg ANOVA repeated 
measures significance

Parameters 
measured

Mean ± SEM Mean ± SEM Mean ± SEM Mean ± SEM

# E 1.6±0.3 0.5±0.2
A

0.4±0.2
A

0.3±0.2
A

F(3,11)=6.95; P=0.0009

Latency 1st M (s) 13.9±3.9 381.1±199.4 995.9±254.9
A

1502±200.9
A,B

F(3,11)=13.41; P=0.0001 

Latency 1st I (s) 173.2±148.1 595.3±219.4 1049±237.1
A

1505±198.9
A,B

F(3,11)=10.68; P=0.0001

# M 1st series 12.5±1.3 15.2±3.4 8.3±4.1 2.3±1.5
A,B

F(3,11)=5.02; P=0.0056

# I 1st series 8.2±1.1 4.8±1.2 2.5±1.1
A

1.1±0.7
A,B

F(3,11)=8.97; P=0.0002

Latency 1st E (s) 769.8±136.8 1549±117.6
A

1569±123.2
A

1590±124.6
A

F(3,11)=8.27; P=0.0003

PEI 471.5±45.7 459.5±139.5 383.5±16.5 310.0±0.0 --------------------------
--------

CE1 37.8±4.206 18.0±3.7
A

11.0±4.8
A

9.3±6.0
A

F(3,11)=9.26;P=0.0001

M=Mount; I= Intromission; E= Ejaculation; PEL= post-ejaculatory interval; #= number; CE= copulatory 
efficiency = [# intromissions / (# intromissions + # mounts)]*100. A= Significantly (P<0.05) different 
from 0 mg/kg. B= Significantly (P<0.05) different from 0.1 mg/kg. C= Significantly (P<0.05) different 
from 0.3mg/kg. 
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Suppl. table 7: Effects of Naloxone on Sexual Behavior of male SERT+/+ Wistar rats. N=12/group 

Dose of 
Naloxone, mg/

kg

0 mg/kg
A

5 mg/kg
B

10 mg/kg
C

20 mg/kg ANOVA repeated 
measures significance

Parameters 
measured

Mean ± SEM Mean ± SEM Mean ± SEM Mean ± SEM

# E 3.1±0.2 2.0±0.2
A

2.6±0.2 2.7±0.1 F(3,11)=5.14; P=0.0050

Latency 1st M (s) 10.0±1.4 179.5±135.4 20.2±5.7 23.5±6.1 F(3,11)=1.46; P=0.2430

Latency 1st I (s) 58.9±22.1 223.9±147.3 71.5±38.2 35.0±6.5 F(3,11)=1.35; P=0.2741

# M 1st series 10.3±2.1 9.8±2.9 7.6±1.6 5.3±0.8 F(3,11)=1.61; P=0.2040

# I 1st series 6.0±0.8 7.0±1.0 6.8±0.6 6.0±0.3 F(3,11)=0.52; P=0.6664

Latency 1st E (s) 315.7±68.6 610.8±140.1
A

400.7±72.4 413.8±79.1 F(3,11)=3.55; P=0.0246

PEI 324.1±17.3 410.4±33.8 386.3±18.7 385.8±25.8 F(3,11)= 2.35; P=0.0860

CE1 40.3±4.5 44.6±5.6 51.7±5.1 56.0±3.2
A

F(3,11)=5.00;P=0.0057

M= Mount; I= Intromission; E= Ejaculation; PEL= post-ejaculatory interval; #= number; CE= copulatory 
efficiency = [# intromissions / (# intromissions + # mounts)]*100. A= Significantly (P<0.05) different 
from 0 mg/kg. B= Significantly (P<0.05) different from 5 mg/kg. C= Significantly (P<0.05) different 
from 10 mg/kg. 
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Suppl. table 8: Effects of Naloxone on Sexual Behavior of male SERT-/- Wistar rats. N=12/group 

Dose of 
Naloxone, mg/

kg

0 mg/kg 5 mg/kg 10 mg/kg 20 mg/kg ANOVA repeated 
measures significance

Parameters 
measured

Mean ± SEM Mean ± SEM Mean ± SEM Mean ± SEM

# E 2.8±0.2 1.9±0.2
A

2.0±0.1
A

1.9±0.1
A

F(3,44)=5.31; P=0.0042

Latency 1st M (s) 8.7±1.6 22.0±10.4 9.5±1.9 9.7±1.6 F(3,44)=1.32; P=0.2844 

Latency 1st I (s) 15.7±4.1 39.5±15.2 54.4±20.6 22.4±12.4 F(3,44)=1.39; P=0.2611

# M 1st series 10.6±1.5 8.8±1.0 8.9±1.4 8.9±1.5 F(3,44)=0.41; P=0.742

# I 1st series 8.5±0.6 7.5±0.6 8.0±0.7 8.9±0.8 F(3,44)=0.80; P=0.502

Latency 1st E (s) 465.6±117.2 795.5±150.7 527.1±68.9 633.8±51.7 F(3,44)=2.62; P=0.0669

PEI 341.0±21.9 411.3±36.9 463.9±34.0 436.8±35.5 F(3,44)= 2.68; P=0.0594

CE1 46.3±3.3 47.5±4.0 50.0±4.2 52.6±3.1 F(3,44)=0.54;P=0.6573

M= Mount; I= Intromission; E= Ejaculation; PEL= post-ejaculatory interval; #= number; CE= copulatory 
efficiency = [# intromissions / (# intromissions + # mounts)]*100. A= Significantly (P<0.05) different 
from 0 mg/kg. B= Significantly (P<0.05) different from 5 mg/kg. C= Significantly (P<0.05) different 
from 10 mg/kg. 
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Suppl. table 9: WAY,100635 + naloxone + tramadol effects in male SERT+/+ rats. N=12 animals/group 

Dose of drug, mg/kg IP 0 mg/kg 
(saline + saline)

A

20 mg/kg
Tramadol + Saline

B

20 mg/kg 
Tramadol + WAY 100635

C

20 mg/kg 
Tramadol + Naloxone

D

20 mg/kg 
Tramadol + WAY 100635 + 

Naloxone 

Friedman test significance

Parameters Median (IQR) Median (IQR) Median (IQR) Median (IQR) Median (IQR)

# E 2.0(2.7) 0.5(2) 0.0(2)
A

0.0(0)
A

0.0(0.0)
A

F(4,11)=4.57; P=0.0035

Latency 1st M (s) 27.0(66.5) 802.0(1699) 1800(1682) 1800(869) 1800(0.0)
A

F(4,11)=20.63; P=0.0004

Latency 1st I (s) 108.5(1569) 1390(1576) 1800(1679) 1800(0) 1800(0.0)
A

F(4,11)=19.60; P=0.0006

# M 1st series 6.0(14.7) 2.5(5) 0.0(2.75)
A

0.0(1.75) 0.0(0.0)
A

F(4,11)=25.31; P<0.0001

# I 1st series 4.5(6) 1.5(5) 0.0(5) 0.0(0) 0.0(0.0)
A

F(4,11)=18.14; P=0.0012

Latency 1st E (s) 771.5(1476.5) 1101(1538) 1800(1325) 1800(0) 1800(0.0)
A

F(4,11)=4.59; P=0.0034

PEI 423.0(69) 423.0(157) 467.5(325) -------------- ------------ F(2,11)=2.43; P=0.2954

CE1 32.5(56.5) 18.5(54.5) 0.0(44.7) 0.0(0) 0.0(0.0) F(4,11)=13.86; P=0.0078

M= Mount; I= Intromission; E= Ejaculation; PEL= post-ejaculatory interval; #= number; CE= copulatory 
efficiency = [# intromissions / (# intromissions + # mounts)] *100

A= Significantly (P<0.05) different from 0 mg/kg. B= Significantly (P<0.05) different from saline + 
tramadol (20 mg/kg). C= Significantly (P<0.05) different from tramadol (20 mg/kg) + WAY100,635 (0.3 
mg/kg). D= Significantly (P<0.05) different from tramadol (20 mg/kg) + naloxone (20 mg/kg).
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Suppl. table 9: WAY,100635 + naloxone + tramadol effects in male SERT+/+ rats. N=12 animals/group 

Dose of drug, mg/kg IP 0 mg/kg 
(saline + saline)

A

20 mg/kg
Tramadol + Saline

B

20 mg/kg 
Tramadol + WAY 100635

C

20 mg/kg 
Tramadol + Naloxone

D

20 mg/kg 
Tramadol + WAY 100635 + 

Naloxone 

Friedman test significance

Parameters Median (IQR) Median (IQR) Median (IQR) Median (IQR) Median (IQR)

# E 2.0(2.7) 0.5(2) 0.0(2)
A

0.0(0)
A

0.0(0.0)
A

F(4,11)=4.57; P=0.0035

Latency 1st M (s) 27.0(66.5) 802.0(1699) 1800(1682) 1800(869) 1800(0.0)
A

F(4,11)=20.63; P=0.0004

Latency 1st I (s) 108.5(1569) 1390(1576) 1800(1679) 1800(0) 1800(0.0)
A

F(4,11)=19.60; P=0.0006

# M 1st series 6.0(14.7) 2.5(5) 0.0(2.75)
A

0.0(1.75) 0.0(0.0)
A

F(4,11)=25.31; P<0.0001

# I 1st series 4.5(6) 1.5(5) 0.0(5) 0.0(0) 0.0(0.0)
A

F(4,11)=18.14; P=0.0012

Latency 1st E (s) 771.5(1476.5) 1101(1538) 1800(1325) 1800(0) 1800(0.0)
A

F(4,11)=4.59; P=0.0034

PEI 423.0(69) 423.0(157) 467.5(325) -------------- ------------ F(2,11)=2.43; P=0.2954

CE1 32.5(56.5) 18.5(54.5) 0.0(44.7) 0.0(0) 0.0(0.0) F(4,11)=13.86; P=0.0078

M= Mount; I= Intromission; E= Ejaculation; PEL= post-ejaculatory interval; #= number; CE= copulatory 
efficiency = [# intromissions / (# intromissions + # mounts)] *100

A= Significantly (P<0.05) different from 0 mg/kg. B= Significantly (P<0.05) different from saline + 
tramadol (20 mg/kg). C= Significantly (P<0.05) different from tramadol (20 mg/kg) + WAY100,635 (0.3 
mg/kg). D= Significantly (P<0.05) different from tramadol (20 mg/kg) + naloxone (20 mg/kg).
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Suppl. table 10: WAY,100635 + naloxone + tramadol effects in male SERT-/- rats. N=12 animals/group 

Dose of drug, mg/kg IP 0 mg/kg (saline + 
saline)

A

20 mg/kg
Tramadol + Saline

B

20 mg/kg Tramadol +
WAY 100635

C

20 mg/kg Tramadol + Naloxone
D

20 mg/kg Tramadol + WAY 
100635 + Naloxone 

Friedman test significance

Parameters Median (IQR) Median (IQR) Median (IQR) Median (IQR) Median (IQR)

# E 1.5(1.5) 0.5000(1.7) 0.0(0) 
A

0.0(1)
A

0.0(0.0)
A

F(4,11)=8.57; P<0.0001

Latency 1st M (s) 27.5(31.5) 33.00(498) 1800(591)
A,B

74.00(473) 1800(0.0)
A,B,D

F(4,11)=36.46; P<0.0001

Latency 1st I (s) 35.5(66.7) 430.0(1655) 1800(0)
A

339.0(1488) 1800(0.0)
A

F(4,11)= 32.56; P<0.0001

# M 1st series 15.5(25.2) 8.5(16) 0.0(0.75)
A,B

4.500(9.25) 0.0(0.0)
A,B

F(4,11)=32.02; P<0.0001

# I 1st series 8.0(3.2) 5.5(7) 0.0(0)
A

3.0(4.75) 0.0(0.0)
A,B

F(4,11)= 31.63; P<0.0001

Latency 1st E (s) 767.5(1341.2) 1642(1228.7) 1800(0)
A,B

1800(849.5) 1800(0.0)
A,B,D

F(4,11)=22.94; P=0.0001

PEI 411.0(6) 446.0(6) --------------- 373.0(263) -------------- F(3,11)= 0.61; P=0.7348

CE1 37.5(44.2) 19.5(42.7) 0.0(0)
A

27.00(35.7) 0.0(0.0)
A,D

F(4,11)= 24.31; P<0.0001

M= Mount; I= Intromission; E= Ejaculation; PEL= post-ejaculatory interval; #= number; CE= copulatory 
efficiency = [# intromissions / (# intromissions + # mounts)] *100

A= Significantly (P<0.05) different from 0 mg/kg. B= Significantly (P<0.05) different from saline + 
tramadol (20 mg/kg). C= Significantly (P<0.05) different from tramadol (20 mg/kg) + WAY100,635 (0.3 
mg/kg). D= Significantly (P<0.05) different from tramadol (20 mg/kg) + naloxone (20 mg/kg).
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Suppl. table 10: WAY,100635 + naloxone + tramadol effects in male SERT-/- rats. N=12 animals/group 

Dose of drug, mg/kg IP 0 mg/kg (saline + 
saline)

A

20 mg/kg
Tramadol + Saline

B

20 mg/kg Tramadol +
WAY 100635

C

20 mg/kg Tramadol + Naloxone
D

20 mg/kg Tramadol + WAY 
100635 + Naloxone 

Friedman test significance

Parameters Median (IQR) Median (IQR) Median (IQR) Median (IQR) Median (IQR)

# E 1.5(1.5) 0.5000(1.7) 0.0(0) 
A

0.0(1)
A

0.0(0.0)
A

F(4,11)=8.57; P<0.0001

Latency 1st M (s) 27.5(31.5) 33.00(498) 1800(591)
A,B

74.00(473) 1800(0.0)
A,B,D

F(4,11)=36.46; P<0.0001

Latency 1st I (s) 35.5(66.7) 430.0(1655) 1800(0)
A

339.0(1488) 1800(0.0)
A

F(4,11)= 32.56; P<0.0001

# M 1st series 15.5(25.2) 8.5(16) 0.0(0.75)
A,B

4.500(9.25) 0.0(0.0)
A,B

F(4,11)=32.02; P<0.0001

# I 1st series 8.0(3.2) 5.5(7) 0.0(0)
A

3.0(4.75) 0.0(0.0)
A,B

F(4,11)= 31.63; P<0.0001

Latency 1st E (s) 767.5(1341.2) 1642(1228.7) 1800(0)
A,B

1800(849.5) 1800(0.0)
A,B,D

F(4,11)=22.94; P=0.0001

PEI 411.0(6) 446.0(6) --------------- 373.0(263) -------------- F(3,11)= 0.61; P=0.7348

CE1 37.5(44.2) 19.5(42.7) 0.0(0)
A

27.00(35.7) 0.0(0.0)
A,D

F(4,11)= 24.31; P<0.0001

M= Mount; I= Intromission; E= Ejaculation; PEL= post-ejaculatory interval; #= number; CE= copulatory 
efficiency = [# intromissions / (# intromissions + # mounts)] *100

A= Significantly (P<0.05) different from 0 mg/kg. B= Significantly (P<0.05) different from saline + 
tramadol (20 mg/kg). C= Significantly (P<0.05) different from tramadol (20 mg/kg) + WAY100,635 (0.3 
mg/kg). D= Significantly (P<0.05) different from tramadol (20 mg/kg) + naloxone (20 mg/kg).
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Suppl. table 11: Effects of Tramadol on Sexual Behavior of male SERT+/- Wistar rats. N=12/group 

Dose of tramadol, 
mg/kg

0 mg/kg
A

5 mg/kg
B

10 mg/kg
C

20 mg/kg
D

40 mg/kg
E

50 mg/kg ANOVA significance

Parameters measured Mean ± SEM Mean ± SEM Mean ± SEM Mean ± SEM Mean ± SEM Mean ± SEM

# E 2.9±0.2 2.6±0.3 2.5±0.3 1.5±0.3
A

0.7±0.3 
A,B,C

0.7±0.4 
A,B,C

F(5,11)= 10.91; P<0.0001

Latency 1st M (s) 84.4±43.8 18.3±3.4 76.9±57.2 364.7±163.9 1230±227.8
A,B,C,D

1353±233.4
A,B,C,D

F(5,11)= 17.07; P<0.0001 

Latency 1st I (s) 95.9±46.8 144.7±87.8 223.8±118.6 688.8±197.9 1249±226.2
A,B,C

1360±229.8
A,B,C

F(5,11)= 12.80; P<0.0001

# M 1st series 7.9±2.2 13.0±4.9 9.0±3.7 6.4±1.7 1.9±0.7 0.5± 0.5
B

F(5,11)= 3.00; P< 0.0171

# I 1st series 5.6±0.6 7.5±0.7 6.6±0.8 5.333±1.233 1.917±0.8480 
A,B,C,D

1.167±0.6376 
A,B,C,D

F(5,11)= 11.07; P<0.0001

Latency 1st E (s) 414.9±122.8 559.2±148.1 542.4±175.5 966.8±189.0 1396±182.6
A,B,C

1421±201.5
A,B,C

F(5,11)= 8.64; P<0.0001

CE1 54.7±8.5 50.3±7.3 54.5±6.3 46.0±8.4 20.8±8.4 
A,B

20.5±11.3 
A,B

F(5,11)= 5.07;P= 0.0007

M= Mount; I= Intromission; E= Ejaculation; PEL= post-ejaculatory interval; #= number; CE= copulatory 
efficiency = [# intromissions / (# intromissions + # mounts)]*100. 

A= Significantly (P<0.05) different from 0 mg/kg. B= Significantly (P<0.05) different from 5 mg/kg. C= 
Significantly (P<0.05) different from 10 mg/kg. D= Significantly (P<0.05) different from 20 mg/kg. E= 
Significantly (P<0.05) different from 40 mg/kg. 

Suppl. table 12: Effects of WAY100,635 on Sexual Behavior of male SERT+/- Wistar rats. N=12/group

Dose of WAY10065, 
mg/kg

0 mg/kg
A

0.1mg/kg
B

0.3 mg/kg
C

2. mg/kg ANOVA repeated 
measures significance

Parameters measured Mean ± SEM Mean ± SEM Mean ± SEM Mean ± SEM

# E 2.5±0.3 2.3±0.3 1.5±0.3 1.9±0.4 F(3,11)= 1.60; P=0.2067

Latency 1st M (s) 49.1±27.7 49.0±14.2 428.0±200.5 463.9±232.6 F(3,11)= 2.98; P=0.0451

Latency 1st I (s) 155.9±85.6 91.8±36.0 462.4±201.2 495.1±228.2 F(3,11)= 2.66; P=0.0638

# M 1st series 10.2±2.4 12.4±2.8 14.0±4.2 9.4±3.6 F(3,11)= 0.51; P=0.6781

# I 1st series 6.6±0.8 7.0±0.4 5.3±1.1 5.6±1.0 F(3,11)= 0.90; P=0.4497

Latency 1st E (s) 299.9±49.7 459.2±128.1 898.2±206.3 787.4±217.2 F(3,11)= 3.73; P=0.0205

PEI 362.5±23.5 433.1±49.9 406.8±42.6 369.0±27.9 F(3,11)= 0.82; P=0.4889

CE1 41.0±5.178 43.2±4.8 31.5±6.8 35.8±6.1 F(3,11)= 1.15;P=0.3428

M= Mount; I= Intromission; E= Ejaculation; PEL= post-ejaculatory interval; #= number; CE= copulatory 
efficiency = [# intromissions / (# intromissions + # mounts)]*100. 

A= Significantly (P<0.05) different from 0 mg/kg. B= Significantly (P<0.05) different from 0.1 mg/kg. C= 
Significantly (P<0.05) different from 0.3mg/kg. 
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Suppl. table 11: Effects of Tramadol on Sexual Behavior of male SERT+/- Wistar rats. N=12/group 

Dose of tramadol, 
mg/kg

0 mg/kg
A

5 mg/kg
B

10 mg/kg
C

20 mg/kg
D

40 mg/kg
E

50 mg/kg ANOVA significance

Parameters measured Mean ± SEM Mean ± SEM Mean ± SEM Mean ± SEM Mean ± SEM Mean ± SEM

# E 2.9±0.2 2.6±0.3 2.5±0.3 1.5±0.3
A

0.7±0.3 
A,B,C

0.7±0.4 
A,B,C

F(5,11)= 10.91; P<0.0001

Latency 1st M (s) 84.4±43.8 18.3±3.4 76.9±57.2 364.7±163.9 1230±227.8
A,B,C,D

1353±233.4
A,B,C,D

F(5,11)= 17.07; P<0.0001 

Latency 1st I (s) 95.9±46.8 144.7±87.8 223.8±118.6 688.8±197.9 1249±226.2
A,B,C

1360±229.8
A,B,C

F(5,11)= 12.80; P<0.0001

# M 1st series 7.9±2.2 13.0±4.9 9.0±3.7 6.4±1.7 1.9±0.7 0.5± 0.5
B

F(5,11)= 3.00; P< 0.0171

# I 1st series 5.6±0.6 7.5±0.7 6.6±0.8 5.333±1.233 1.917±0.8480 
A,B,C,D

1.167±0.6376 
A,B,C,D

F(5,11)= 11.07; P<0.0001

Latency 1st E (s) 414.9±122.8 559.2±148.1 542.4±175.5 966.8±189.0 1396±182.6
A,B,C

1421±201.5
A,B,C

F(5,11)= 8.64; P<0.0001

CE1 54.7±8.5 50.3±7.3 54.5±6.3 46.0±8.4 20.8±8.4 
A,B

20.5±11.3 
A,B

F(5,11)= 5.07;P= 0.0007

M= Mount; I= Intromission; E= Ejaculation; PEL= post-ejaculatory interval; #= number; CE= copulatory 
efficiency = [# intromissions / (# intromissions + # mounts)]*100. 

A= Significantly (P<0.05) different from 0 mg/kg. B= Significantly (P<0.05) different from 5 mg/kg. C= 
Significantly (P<0.05) different from 10 mg/kg. D= Significantly (P<0.05) different from 20 mg/kg. E= 
Significantly (P<0.05) different from 40 mg/kg. 

Suppl. table 12: Effects of WAY100,635 on Sexual Behavior of male SERT+/- Wistar rats. N=12/group

Dose of WAY10065, 
mg/kg

0 mg/kg
A

0.1mg/kg
B

0.3 mg/kg
C

2. mg/kg ANOVA repeated 
measures significance

Parameters measured Mean ± SEM Mean ± SEM Mean ± SEM Mean ± SEM

# E 2.5±0.3 2.3±0.3 1.5±0.3 1.9±0.4 F(3,11)= 1.60; P=0.2067

Latency 1st M (s) 49.1±27.7 49.0±14.2 428.0±200.5 463.9±232.6 F(3,11)= 2.98; P=0.0451

Latency 1st I (s) 155.9±85.6 91.8±36.0 462.4±201.2 495.1±228.2 F(3,11)= 2.66; P=0.0638

# M 1st series 10.2±2.4 12.4±2.8 14.0±4.2 9.4±3.6 F(3,11)= 0.51; P=0.6781

# I 1st series 6.6±0.8 7.0±0.4 5.3±1.1 5.6±1.0 F(3,11)= 0.90; P=0.4497

Latency 1st E (s) 299.9±49.7 459.2±128.1 898.2±206.3 787.4±217.2 F(3,11)= 3.73; P=0.0205

PEI 362.5±23.5 433.1±49.9 406.8±42.6 369.0±27.9 F(3,11)= 0.82; P=0.4889

CE1 41.0±5.178 43.2±4.8 31.5±6.8 35.8±6.1 F(3,11)= 1.15;P=0.3428

M= Mount; I= Intromission; E= Ejaculation; PEL= post-ejaculatory interval; #= number; CE= copulatory 
efficiency = [# intromissions / (# intromissions + # mounts)]*100. 

A= Significantly (P<0.05) different from 0 mg/kg. B= Significantly (P<0.05) different from 0.1 mg/kg. C= 
Significantly (P<0.05) different from 0.3mg/kg. 
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Suppl. table 13: Effects of Naloxone on Sexual Behavior of male SERT +/- Wistar rats. N=12/group 

Dose of 
Naloxone, mg/

kg

0 mg/kg
A

5 mg/kg
B

10 mg/kg
C

20 mg/kg ANOVA repeated 
measures significance

Parameters 
measured

Mean ± SEM Mean ± SEM Mean ± SEM Mean ± SEM

# E 2.6±0.3 2.3±0.4 2.6±0.3 2.8±0.3 F(3,11)= 0.41; P=0.7430

Latency 1st M (s) 14.9±2.5 88.8±75.1 28.1±8.4 165.7±148.6 F(3,11)= 0.67; P=0.5759

Latency 1st I (s) 51.5±20.9 116.8±90.6 32.8±8.9 187.8±147.0 F(3,11)= 0.68; P=0.5672

# M 1st series 14.3±3.7 7.3±1.1 10.1±4.1 6.2±1.3 F(3,11)= 1.54; P=0.2226

# I 1st series 6.5±0.7 5.6±0.6 6.6±0.8 5.0±0.9 F(3,11)= 1.16; P=0.3370

Latency 1st E (s) 538.3±176.3 644.8±204.6 427.3±115.6 412.1±150.9 F(3,11)= 0.50; P=0.6844

PEI 337.0±18.7 417.1±37.5 390.6±21.5 376.8±17.9 F(3,11)= 1.78; P=0.1665

CE1 44.2±6.8 46.0±4.7 50.3±4.8 43.5±5.8 F(3,11)= 0.34; P=0.7901

M=Mount; I= Intromission; E=Ejaculation; PEL=post-ejaculatory interval; # =number; CE= copulatory 
efficiency = [# intromissions / (# intromissions + # mounts)]*100. A= Significantly (P<0.05) different from 0 
mg/kg. B= Significantly (P<0.05) different from 5 mg/kg. C= Significantly (P<0.05) different from 10 mg/kg. 

Supplementary Table 14. WAY100,635 + naloxone effects of tramadol in male SERT+/- rats.

Dose of drug, 
mg/kg IP

0 mg/kg 
(saline + saline)

A

20 mg/kg
Tramadol + Saline

B

20 mg/kg Tramadol +
WAY 100635

C

20 mg/kg Tramadol + Naloxone
D

20 mg/kg Tramadol + WAY 
100635 + Naloxone 

Friedman test significance

Parameters Median (IQR) Median (IQR) Median (IQR) Median (IQR) Median (IQR)

# E 2.5(1.4) 0.0(1.3) 0.0(1.2) 
A

0.0(0.9)
A

0.0(0.0)
A

F(4,11)= 21.17 ; P<0.0003

Latency 1st M (s) 21.0(21.0) 474.0(805.0) 1714(772.8)
A

139.0(840.6) 1800(0.0)
A

F(4,11)= 31.17 ; P<0.0001

Latency 1st I (s) 80.5(501.6) 956.0(791.5) 1800(779.2) 805.0 (827.0) 1800(0.0)
A

F(4,11)= 20.52 ; P= 0.0004

# M 1st series 14.0(7.6) 2.5(4.0) 0.5(5.4) 0.5(4.2) 0.0(0.0)
A

F(4,11)= 25.62 ; P<0.0001

# I 1st series 5.0(2.5) 3.0(2.6) 0.0(2.9) 2.5(1.7) 0.0(0.0)
A

F(4,11)= 31.63; P<0.0001

Latency 1st E (s) 421.0(639.8) 1800(785.7) 1800(699.8) 1800(631.9) 1800(0.0)
A

F(4,11)= 21.19 ; P=0.0003

PEI 373.0(73.2) 467.0(45.8) 465.0(120.3) 468.5(48.7) -------------- F(3,11)= 4.492 ; P= 0.2130

CE1 35.0(16.3) 27.5(26.0) 0.0(27.0) 27.0(36.7) 0.0(0.0)
A

F(4,11)= 15.28; P<0.0042

M= Mount; I= Intromission; E= Ejaculation; PEL= post-ejaculatory interval; #= number; CE= copulatory 
efficiency = [# intromissions / (# intromissions + # mounts)] *100. 

A= Significantly (P<0.05) different from 0 mg/kg. B= Significantly (P<0.05) different from saline + 
tramadol (20 mg/kg). C= Significantly (P<0.05) different from tramadol (20 mg/kg) + WAY100,635 (0.3 
mg/kg). D= Significantly (P<0.05) different from tramadol (20 mg/kg) + naloxone (20 mg/kg). 
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Suppl. table 13: Effects of Naloxone on Sexual Behavior of male SERT +/- Wistar rats. N=12/group 

Dose of 
Naloxone, mg/

kg

0 mg/kg
A

5 mg/kg
B

10 mg/kg
C

20 mg/kg ANOVA repeated 
measures significance

Parameters 
measured

Mean ± SEM Mean ± SEM Mean ± SEM Mean ± SEM

# E 2.6±0.3 2.3±0.4 2.6±0.3 2.8±0.3 F(3,11)= 0.41; P=0.7430

Latency 1st M (s) 14.9±2.5 88.8±75.1 28.1±8.4 165.7±148.6 F(3,11)= 0.67; P=0.5759

Latency 1st I (s) 51.5±20.9 116.8±90.6 32.8±8.9 187.8±147.0 F(3,11)= 0.68; P=0.5672

# M 1st series 14.3±3.7 7.3±1.1 10.1±4.1 6.2±1.3 F(3,11)= 1.54; P=0.2226

# I 1st series 6.5±0.7 5.6±0.6 6.6±0.8 5.0±0.9 F(3,11)= 1.16; P=0.3370

Latency 1st E (s) 538.3±176.3 644.8±204.6 427.3±115.6 412.1±150.9 F(3,11)= 0.50; P=0.6844

PEI 337.0±18.7 417.1±37.5 390.6±21.5 376.8±17.9 F(3,11)= 1.78; P=0.1665

CE1 44.2±6.8 46.0±4.7 50.3±4.8 43.5±5.8 F(3,11)= 0.34; P=0.7901

M=Mount; I= Intromission; E=Ejaculation; PEL=post-ejaculatory interval; # =number; CE= copulatory 
efficiency = [# intromissions / (# intromissions + # mounts)]*100. A= Significantly (P<0.05) different from 0 
mg/kg. B= Significantly (P<0.05) different from 5 mg/kg. C= Significantly (P<0.05) different from 10 mg/kg. 

Supplementary Table 14. WAY100,635 + naloxone effects of tramadol in male SERT+/- rats.

Dose of drug, 
mg/kg IP

0 mg/kg 
(saline + saline)

A

20 mg/kg
Tramadol + Saline

B

20 mg/kg Tramadol +
WAY 100635

C

20 mg/kg Tramadol + Naloxone
D

20 mg/kg Tramadol + WAY 
100635 + Naloxone 

Friedman test significance

Parameters Median (IQR) Median (IQR) Median (IQR) Median (IQR) Median (IQR)

# E 2.5(1.4) 0.0(1.3) 0.0(1.2) 
A

0.0(0.9)
A

0.0(0.0)
A

F(4,11)= 21.17 ; P<0.0003

Latency 1st M (s) 21.0(21.0) 474.0(805.0) 1714(772.8)
A

139.0(840.6) 1800(0.0)
A

F(4,11)= 31.17 ; P<0.0001

Latency 1st I (s) 80.5(501.6) 956.0(791.5) 1800(779.2) 805.0 (827.0) 1800(0.0)
A

F(4,11)= 20.52 ; P= 0.0004

# M 1st series 14.0(7.6) 2.5(4.0) 0.5(5.4) 0.5(4.2) 0.0(0.0)
A

F(4,11)= 25.62 ; P<0.0001

# I 1st series 5.0(2.5) 3.0(2.6) 0.0(2.9) 2.5(1.7) 0.0(0.0)
A

F(4,11)= 31.63; P<0.0001

Latency 1st E (s) 421.0(639.8) 1800(785.7) 1800(699.8) 1800(631.9) 1800(0.0)
A

F(4,11)= 21.19 ; P=0.0003

PEI 373.0(73.2) 467.0(45.8) 465.0(120.3) 468.5(48.7) -------------- F(3,11)= 4.492 ; P= 0.2130

CE1 35.0(16.3) 27.5(26.0) 0.0(27.0) 27.0(36.7) 0.0(0.0)
A

F(4,11)= 15.28; P<0.0042

M= Mount; I= Intromission; E= Ejaculation; PEL= post-ejaculatory interval; #= number; CE= copulatory 
efficiency = [# intromissions / (# intromissions + # mounts)] *100. 

A= Significantly (P<0.05) different from 0 mg/kg. B= Significantly (P<0.05) different from saline + 
tramadol (20 mg/kg). C= Significantly (P<0.05) different from tramadol (20 mg/kg) + WAY100,635 (0.3 
mg/kg). D= Significantly (P<0.05) different from tramadol (20 mg/kg) + naloxone (20 mg/kg). 
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Chapter 6

Pharmacological studies on the role 
of  5-HT1A receptors in male sexual 
behavior of  wildtype and serotonin 

transporter knockout rats



Abstract

Background: Brain serotonin (5-HT) neurotransmission plays an important role in 
male sexual behavior and it is well established that activating 5-HT1A receptors in rats 
facilitates ejaculatory behavior. However, the relative contribution of somatodendritic 
5-HT1A autoreceptors and postsynaptic 5-HT1A heteroreceptors in this pro-sexual behavior 
is unclear.

Objective: To determine the role of presynaptic auto-receptors versus postsynaptic 
heteroreceptors in the pro-sexual effects of 5-HT1A receptor activation.

Experimental approach: The acute effects of the biased 5-HT1A receptor agonists F-13714 
(0-0.16 mg/kg, IP), a preferential 5-HT1A autoreceptor agonist, or F-15599 (0-0.64 mg/kg, 
IP), a preferential 5-HT1A heteroreceptor agonist, andS15535 (0-4 mg/kg, IP) a mixed 5-HT1A 

autoreceptor agonist/heteroreceptor antagonist, on male sexual behavior were assessed 
in wildtype and serotonin transporter knockout (SERT-/-) Wistar rats. The latter animals, 
exhibiting enhanced extracellular 5-HT levels and desensitized 5-HT1A receptors, model 
neurochemical changes underlying chronic SSRI-induced sexual dysfunction.

Key results: A clear and stable genotype effect was found after training where SERT+/+ 
male rats performed sexual behavior at a higher level than SERT-/-. Both F-15599 and 
F-13714 induced pro-sexual activity in SERT+/+ and SERT-/- animals. Compared to SERT+/+ 
rats, the F13714- dose-response curve in SERT-/- rats was, shifted to the right. SERT+/+ and 
SERT-/- rats responded similar to F15599. Within both SERT+/+ and SERT-/- rats the potency 
of F-13714 was much stronger compared to F-15599. S15535 had no effect on sexual behavior 
in either genotype.

Conclusions: The two biased compounds with differential effects on 5-HT1A auto- and 
hetero-receptors, exerted pro-sexual activity in both SERT+/+ and SERT-/- rats. This makes 
interpretations whether pre-or postsynaptic 5-HT1A receptors are involved in prosexual 
activity rather difficult. Moreover, the inactivity of S15535 in sexual behavior in either 
genotype was unexpected and difficult to explain. The question remains whether the in 
vivo activity profile of the various 5-HT1A receptor ligands used, is sufficient to differentiate 
possible contributions of pre-and/or postsynaptic 5-HT1AR in male rat sexual behavior.

Keywords: serotonin, male sexual behavior, rat, 5-HT1A receptor, serotonin transporter, 
5-HT1A autoreceptors, 5-HT1A heteroreceptors.
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1.Introduction

The serotonergic system plays an important modulatory role in sexual behavior 
(Uphouse & Guptarak, 2010). This is, for example, illustrated by the effects of chronic 
SSRI treatment in depressed patients that results in enhanced 5-HT levels often causing 
sexual dysfunctions like in men delayed ejaculation and libido problems (Segraves & 
Balon, 2014). Early studies in male rats identified 5-HT1A receptor (R) agonists like 8-OH-
DPAT, the azapirones (e.g. buspirone, ipsapirone and gepirone) and others (e.g. flesinoxan) 
as pro-sexual drugs (Ahlenius et al., 1981; Ahlenius & Larsson, 1985; reviewed in: Snoeren et 
al., 2014). The prototypal 5-HT1A R agonist ((+/-) and (+) - 8-OH-DPAT, potently stimulates 
male rat sexual behavior; in a certain time frame (e.g. 30 min), the number of ejaculations 
increases associated with shortened ejaculation latencies and fewer intromissions to 
reach ejaculation (Chan et al., 2011; Hillegaart & Ahlenius, 1998; Uphouse & Guptarak, 2010).

5-HT1A receptors are present as presynaptic inhibitory autoreceptors on soma and 
dendrites of raphé serotonergic neurons projecting to many forebrain areas (Altieri et 
al., 2013; Fernandez-Guasti et al., 1992; Le Poul et al., 1995; Marek, 2010). Moreover, 5-HT1A 
receptors are also present as postsynaptic heteroreceptors in various brain areas, mainly in 
the forebrain (Frink et al., 1996; Garcia-Garcia et al., 2017). Systemic acute administration 
of non-selective 5-HT1A R agonists (activation of pre- and postsynaptic receptors) leads to 
decreased serotonergic release, but at the same time to activation of postsynaptic 5-HT1A 
heteroreceptors (Lladó-Pelfort et al, 2012; Müller et al., 2007). The resulting behavioral 
outcome (facilitation of male sexual behavior) is rather difficult to explain by this 
complex mechanism underlying activation of all 5-HT1A receptors.

To further explore the role of pre- and postsynaptic 5-HT1A receptors in male sexual 
behavior, more recently developed selective and high-affinity 5-HT1AR agonists are 
useful. These so-called ‘biased’ or ‘functionally selective’ agonists (Garcia-Garcia et al., 
2014; Newman-Tancredi, 2011) display selectivity for either pre- or postsynaptic 5-HT1A 
receptors. F15599 is a high-affinity, selective 5-HT1A R agonist (Ki=3.4 nM) for postsynaptic 
5-HT1A heteroreceptors, whereas F13714 (Ki=0.1nM) is a preferential 5-HT1A autoreceptor 
agonist (Koek et al., 2001; De Boer & Newman-Tancredi, 2016; Hazari et al., 2017). We 
studied both compounds in a dose-response study in male rat sexual behavior. Another 
high-affinity (Ki=1.8 nM) 5-HT1A R ligand, S-15535 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).This compound is an interesting tool to study in male 
sexual behavior as it may shed further light on the complex role of 5-HT1A receptors in 
male rat sexual behavior.
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Male rats lacking the serotonin transporter (SERT-/-) consist of a robust genotype that 
have a lower basal ejaculatory performance than wildtype rats (SERT+/+) or heterozygous 
serotonin transporter knockout (SERT+/-) rats (Chan et al., 2011a; Esquivel-Franco et al., 
2018). This genetic animal model has also been proposed and used as an animal model of 
spontaneous or SSRI-induced sexual dysfunction in men, which is believed to be caused 
by the combination of enhanced 5-HT levels and diminished 5-HT1A receptor functioning 
similar to chronic SSRI-treatment in normal animals (Chan et al., 2011). In particular this 
5-HT1A R desensitization phenomenon is relevant here to further provide more clarity 
as to the potency of the biased agonists to stimulate sexual behavior. SERT-/- rats have 
higher extracellular serotonin levels than SERT+/+ animals which is comparable to chronic 
SSRI administration (Homberg et al., 2007). Pharmacological experiments in these rats 
indicated that rats lacking the SERT have altered 5-HT1A receptor reactivity; the altered 
5-HT1A receptor functioning is probably not a global phenomenon, but might be limited 
to some specific subpopulations of 5-HT1A receptors, as indicated by changed autonomic 
responses like core body temperature in SERT+/+ and SERT-/- animals (Homberg et al., 
2008; Olivier et al., 2008), experiments performed in male sexual behavior (Chan et al. 
2011) also indicated that at least two populations of 5-HT1A receptors are involved in its 
expression. For normal sexual behavior, activation of one population of 5-HT1A receptors 
is needed and this pool is desensitized in SERT-/- rats. The pro-sexual effects of 8-OH-
DPAT are mediated via 5-HT1A receptors, which are less sensitive in SERT-/- rats. This 
difference makes the SERT-/- rat a further attractive model to test the different 5-HT1A 
receptor-modulating drugs, F15599, F13714 and S-15355. Finally, we selected male rats that, 
after extensive training (Pattij et al., 2005), display a low level of sexual behavior, i.e. 
ejaculations. Because 5-HT1A receptor agonists facilitate ejaculation, a too high initial 
level of the number of ejaculations would probably interact with the pro-sexual effects 
of these drugs. To identify the role of somatodendritic (auto)receptors and post (hetero)
receptors we used F13714, F15599 and S15535 in SERT+/+ and SERT-/- rats.
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2. Materials and methods

2.1 Animals
Wistar rats were bred in our animal facility (University of Groningen, GELIFES) using 
serotonin transporter (SERT) heterozygous males and females, resulting in male and 
female SERT wild type (SERT+/+), heterozygous (SERT+/-) and homozygous or knock out 
(SERT-/-) rats. We used two batches of animals, the first one consisting of sixty-three 
male SERT (SERT+/+, n=32), and (SERT-/-, n=31) rats and the second one of thirty-two male 
(16 SERT+/+ and 16 SERT) rats, all of them of at least 12 weeks old when used for sexual 
behavior experiments. 

Female SERT+/- and SERT+/+ were used as sexual stimulus females (n=120). Rats were 
housed under reversed dark-light conditions (12h light:12h dark, lights off from 8:00 AM 
to 8 PM). After 6-weekly training tests (30 min/test), male rats were considered sexually 
trained and classified based on ejaculation frequencies per test. Male rats display, after 
extensive training, a rather stable sexual phenotype (Chan et al., 2008; Olivier et al., 2006; 
Pattij et al., 2005). In these experiments, for batch one we selected rats that showed a 
normal ejaculatory phenotype (between 1 and 2 ejaculations per test after training, for 
the last three sessions) and for the second batch rats that showed a rather low sexual 
phenotype (between 0 and 1 ejaculation per test after training, for the last three sessions). 
Animals were socially housed (2-5 per cage, maximum 4 for males). Cages were enriched 
with wooden gnawing blocks and nesting material (Envirodri). A total of ninety-five 
males (batch one and two) were sexually trained for 6 weeks and a total of 45 male 
rats (batch one + batch two) with a normal and low average number of ejaculations, 
respectively were selected (because this enhances the sensitivity of the anticipated 
improvement in sexual behavior by the 5-HT1A compounds and to match the control 
group as much as possible to the knock-out animals). All the experiments, lasted 13 weeks 
in total (after training). In all individual experiments of batch one 12 rats per genotype 
(SERT+/+ and SERT-/-) were used, and for batch two we used 10 SERT+/+ and 11 SERT-/- rats; 
animals were used only once a week to guarantee sufficient drug washout time. Rats had 
ad libitum access to food and water. All experiments were conducted in accordance with 
the governmental guidelines for care and use of laboratory animals (Centrale Commissie 
Dierproeven) and were approved by the Ethical Committee for Animal Research of the 
Groningen Institute for Evolutionary Life Sciences at University of Groningen. All efforts 
were made to minimize the number of animals and their suffering.
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2.2 Female rats
The female stimulus rats were tubal ligated in order to prevent pregnancies. To perform 
tubal ligation surgery, females were anaesthetized (Isoflurane) and given pain relief 
(Fynadine, 0.1mg/100g) before the surgery, and 24 and 48 hours after surgery. Females 
were at least 12 weeks old when surgery was performed, and two weeks of recovery were 
given before they were made intentionally receptive with estradiol (50 μg in 0.1 ml oil, 
S.C., 36-48 hours before the test) for the sexual behavior training tests and experiments. 
Females were used not more than once in two weeks and not more than 2 times per 
experimental day. 

2.3 Drug treatment and behavioral experiments
For the first batch, animals received all dosages of F13714 and F15599 in a crossover-
randomized design in order to prevent order effects; after this experiment, S15535 
was administered in a randomized design. For the second batch, animals were only 
administered S15535 in a randomized design like the first set of animals. As described 
previously in Olivier et al. (2017), when pharmacological tests were performed, male rats 
were given a 30-min habituation time in the test boxes right after drug administration 
via IP injection, before the female rat was introduced. All behavior during the 30-minute 
test was video-recorded after introduction of the female and were also live-scored, and 
the following parameters of the ejaculation series were deduced (Chan et al., 2011): number 
of ejaculations/test (E), number of mounts (M), number of intromissions (I), latency 
(s) to first mount (ML), latency (s) to first intromission (IL) and latency (s) to the first 
ejaculation (EL). After ejaculation, the post ejaculatory latency (PEL(s),) was calculated, 
using the time from the first ejaculation and the time of the first mount/intromission 
(whatever occurred first) of the second ejaculation series. Intromission Ratio (IR) was 
calculated as: IR = (#I/ (#I + #M)) * 100%. EL was calculated using the time of the EL from 
the first ejaculation series minus the intromission latency of the first ejaculation series 
(EL= EL - IL). These parameters were used to run the statistical analysis.

Because it is important to have comparable pharmacodynamics and kinetics in 
pharmacological studies, a test of fixed duration has been chosen; 30 minutes (1800 sec). 
In the cases where drug-treatment had no “effect” on ejaculation and sexual behavior, 
or few or no animal achieved a first ejaculation it was not possible to perform statistical 
analyses and therefore, for those cases, we assigned values of 1800 sec (i.e. the maximum 
test duration) for some latencies (ejaculation, mount and intromission latency), although 
this is undoubtedly a matter of discussion as we have mentioned before (Chan et al., 2011b; 
Olivier et al., 2017). All tables and figures show the results for the first Ejaculation Series. 
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2.4 Drugs
F15599 and F13714 (Pierre Fabre Pharmaceuticals, France; Lot # SBR1401003 and # 
JLM3001201, resp.) and S-15535 (Servier Pharmaceuticals, France; Lot B01JLP061A) were 
dissolved in NaCl 0.9% (saline) and each solution was freshly prepared on each testing day. 
All drugs were administered via intraperitoneal (IP) injection 30 minutes before the test. 

2.5 Training
For the first batch, SERT+/+ (N=32) and SERT-/- (N=31) male rats were sexually trained 6 
times (30 min, once a week); and for the second batch SERT+/+ (N=16) and SERT-/- (N=16) 
male rats were sexually trained 10 times (30 min, once a week, they received extra training 
due to the extreme low sexual performance) to assess and stabilize their basal sexual 
activity. Rats had a habituation period of 10 minutes in the testing box right before the 
training session. At the end of the habituation period a receptive female was introduced 
in the box and sexual behavior was assessed for 30 minutes. Non-receptive females were 
switched for a different receptive female. The training and testing occurred in wooden 
rectangular (57 cm x 82 cm x 39 cm; glass wall) testing boxes filled with regular bedding 
material. To stimulate sexual behavior, bedding material was not changed during the 
training and testing to preserve pheromones of previous rounds and to create a more 
competitive sexual environment. Only males showing stable normal (1-2 ejaculations, for 
batch 1) and low (0-1 ejaculations for batch 2) ejaculation levels on the last three tests, 24 
in total were used for the pharmacological experiments (batch one: N=12 per genotype); 
batch two in total 21 (10 SERT+/+ and11 SERT-/- rats). All training sessions and experiments 
were performed under red light conditions between 10:00 AM and 17:00 PM

2.6 Pharmacological Experiments
Batch 1
Experiment one: F15599 and F13714 dose response. 24 normal ejaculating male rats were 
selected (N=12 per SERT genotype) and went on a crossover design. Rats received vehicle 
(saline); 0.01, 0.04, 0.16 and 0.64-mg/kg F15599 and 0.0025, 0.01, 0.04 and 0.16-mg/kg F13714 
via IP. Experiments were performed once per week on the same testing day, over nine 
weeks and animals and treatment were randomized over the nine weeks. Although the 
experiments with these two drugs were performed together, we decided to perform the 
statistical analysis separately for each compound. 

Experiment two: S15535 dose response. The same 24 animals from experiment one received 
vehicle (saline), 0.25, 1 and 4-mg/kg S15535, IP in a randomized design. Testing was 
performed over four weeks and always on the same day per week.
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Batch 2
Experiment two: S15535 dose response. 10 SERT+/+ and 11 SERT-/- rats were selected for low 
number of ejaculations. Rats received vehicle (saline), 0.25, 1 and 4-mg/kg S15535, IP in 
a randomized design. Testing was performed over four weeks and always on the same 
day per week.

2.7 Statistical analyses 
Differences in baseline ejaculation numbers during the training between genotypes were 
analyzed using two-way ANOVA for repeated measures, with genotype as between- and 
time (weeks) as within-subjects factors. Where appropriate, an independent T-test was 
performed. For the F19955, F13714 and S15535 dose-response experiments, a 2-way ANOVA 
for repeated measures was performed with dose as within-subject factor (5 levels) and 
genotype as between-subject factor (2 levels). Where appropriate one way-ANOVA with 
LSD post-hoc was performed. All statistical analyses were performed using the Statistical 
Package for Social Sciences for Windows version 25 (LEAD technologies, Chicago, USA). 
Level of significance was set at p < 0.05. 
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3. Results

3.1 Sexual stability
The sexual performance of the selected experimental animal groups that exhibited 
a normal (1-2 ejaculations) and a low basal ejaculation frequency (0-1 ejaculation) 
during the 6 training days was registered and from the 63 male rats sexually trained 
from batch one and 32 from batch 2, only 24 and 21 animals (respectively) that showed 
normal and low sexual performance and ejaculations respectively, were selected to run 
the pharmacological studies. For the first batch, there was a significant week (time) 
effect F(7.154)= 13.86, p<0.001, a significant week*genotype effect F(7.154)=3.40, p<0.01 and 
a significant genotype effect (F(1,22)= 23.81, p<0.001). In SERT+/+ rats from week 3 onwards 
they performed significant more ejaculations (all p values are <0.05) compared to the first 
two weeks (fig.1 and table 1). In SERT-/- rats only week 16-20 significantly differed (all p 
values are <0.05) from all other weeks (fig 1, table 1). SERT-/- rats ejaculated significantly 
less compared to SERT+/+ rats in week 3 (p<0.05), week 4 (p<0.05), week 5 (p<0.05), week 6 
(p<0.05), week 7-14 (0.05), week 16-20 (p<0.01).

Fig 1. Mean ejaculation frequencies (±SEM) over 6 weeks of training of male Wistar rats of batch one. 
Added are also the mean ± SEM of the saline data from experiment one (F13714 and F15599) and two 
(S15535) of batch one. a: significantly different (p<0.05) from week 1;b: significantly different (p<0.05) from 
week 2;c: significantly different (p<0.05) from week 3; d: significantly different (p<0.05) from week 4; e: 
significantly different (p<0.05) from week 5; f: significantly different (p<0.05) from week 6; g: significantly 
different (p<0.05) from week 7-15; * significantly different (p<0.05) from SERT+/+. Detailed statistical 
analyses are provided in table 1.



150   |   Chapter 6

For the second batch of animals trained, there was a significant difference in weeks of training 
(F(10,190)=3.32, p<0.001). In week 11-14 SERT+/+ and SERT-/- rats had significant more ejaculations 
compared to all other weeks (all p values <0.01). No significant differences in time x genotype, 
and genotype effects were found during the training weeks (Figure 2, Table 2). 

Fig 2. Mean ejaculation frequencies (±SEM) over 10 weeks of training of male Wistar rats of batch two. 
Added are also the mean ± SEM of the saline data from S15535 experiment (week 11-14). a: significantly 
different (p<0.05) from week 1;b: significantly different (p<0.05) from week 2;c: significantly different 
(p<0.05) from week 3; d: significantly different (p<0.05) from week 4; e: significantly different (p<0.05) 
from week 5; f: significantly different (p<0.05) from week 6; g: significantly different (p<0.05) from 
week 7; h: significantly different (p<0.05) from week 8; i: significantly different (p<0.05) from week 9; 
j: significantly different (p<0.05) from week 10; * significantly different (p<0.05) from SERT+/+. Detailed 
statistical analyses are provided in table 2.

We included in fig. 1 the saline data gathered in the pharmacological experiments 
performed on batch one. The saline data obtained for all animals in weeks 7-15 were 
comparable to the last training data, but the saline data from the last (S15535) experiment 
(during week 16-20) showed significantly higher values. This ‘enhanced’ baseline level of 
sexual behavior made us decide (because of possible ceiling effects) to repeat the S15535 
experiment in rats with very low levels of sexual ejaculation activity (batch two, data 
shown in table 2). In fig. 2 we also included the saline data gathered in the S15535 dose-
response experiment of batch 2 (week 11-14). Again an enhanced baseline level of sexual 
behavior was found in the saline treated animals during the S-155355 treatment weeks. 
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3.2 Dose-response of F15599 (Fig.3 and table 3)
In the dose-response experiment a significant dose (F(4,88)=8.75; p<0.001) and genotype 
(F(1,22)=22.278; p<0.001) effect, but no interactions, were found for the number of ejaculations. 
Similar significances were found for ejaculation latencies and intromission ratios (see 
table 3 for statistics of all behavioural parameters). Further analysis revealed that the 
lowest and intermediate doses of F15599 (0, 0.01, 0.04 and 0.16 mg/kg) had no significant 
effects on sexual behavior in either genotype (fig 3, table 3). Compared to saline (p<0.001), 
0.01 (p<0.01) and 0.04 (p<0.001) mg/kg F-15599, the highest dose (0.64 mg/kg) significantly 
increased the ejaculation frequency. Moreover, ejaculation latencies were significant 
shorter in 0.64 mg/kg F15599 compared to saline (p<0.01), 0.01 mg/kg (p<0.05) and 0.04 
mg/kg (p<0.01) F15599 (fig. 3, table 3) in both SERT+/+ and SERT-/- animals; the 0.64 mg/
kg F15599 dose also significantly increased the efficiency of the animals to ejaculate (IR; 
p<0.05; fig 3, table 3) compared to saline (p<0.01), 0.01 mg/kg (p<0.05) and 0.04 mg/kg 
(p<0.05) F15599. 

A significant decrease in the number of ejaculations of SERT-/- rats was found compared 
to SERT+/+ rats in the saline treatment (p<0.05), and in the 0.01 mg/kg (p<0.05), 0.04 mg/
kg (p<0.05), 0,16 mg/kg (p<0.05), and 0.64 mg/kg (p<0.05) F15599 treatment. Similarly, 
an increase in ejaculation latency was found for SERT-/- rats compared to SERT+/+ rats 
in saline treatment (p<0.001), and in 0.01 mg/kg (p<0.01), 0.04 mg/kg (p<0.001), 0,16 mg/
kg (p<0.05), and 0.64 mg/kg (p<0.001) F15599 treatment. For the intromission ratio, a 
significant decrease was found for SERT-/- rats compared to SERT+/+ rats in saline 
treatment (p<0.05), and in the 0.01 mg/kg (p<0.01), 0.04 mg/kg (p<0.05), and 0,16 mg/kg 
(p<0.05) F15599 treatment.

3.3 Dose-response of F13714 (Fig. 4; table 4)
Overall, F13714 induced pro-sexual effects in both genotypes, although the dose-
effect curves for both genotypes differed considerably (fig.4, table 4). Considering the 
ejaculations, a significant dose (F(4,88)= 3.287, p<0.05), genotype (F(1,22)= 20.649, p<0.001), and 
genotype x dose interaction (F(4,88)= 4.810, p<0.01) was found. Similar significances were 
found for ejaculation latencies (see table 4 for statistics of all behavioural parameters). 
In SERT+/+ rats, F13714 stimulated sexual behavior significantly, as illustrated (compared 
to saline) in the increase in the ejaculation frequency at 0.0025 mg/kg (p<0.01), 0.01 mg/
kg (p=0.06) and 0.04 mg/kg (p<0.05) mg/kg F13714). In the SERT-/- rats, pro-sexual effects 
were observed only at the highest dose (0.16mg/kg) versus saline (p<0.05) and 0.025 mg/
kg (p<0.05) F13714. Although the ejaculation latency was decreased at this high dose for 
both genotypes, this difference was not statistically significant. The number of mounts 
were equally decreased in SERT+/+ and SERT-/- rats at 0.16 mg/kg F13714 compared to saline 
(p<0.01), 0.025 mg/kg (p<0.01), 0.01 mg/kg (p<0.001) and 0.04 mg/kg (p<0.05) F13714. In 
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SERT+/+, but not in SERT-/-, rats, the intromission latency increased at the highest dose 
(F(4,55)= 4.203, p<0.01). The intromission latency at the highest dose (0.16 mg/kg) of F13714 
was significant longer compared to saline (p<0.01), 0.0025 mg/kg (p<0.001), 0.01 mg/
kg (p<0.01), and 0.04 mg/kg (p<0.05) F13714. Lastly, the number of intromissions were 
significantly decreased in SERT+/+ rats only (F(4,55)= 8.194; p<0.001). Intromissions were 
significant reduced in animals treated with 0.16 mg/kg F13714 compared to those treated 
with saline (p<0.001), , 0.0025 mg/kg (p<0.01) and 0.01 mg/kg (p<0.01) F13714 treated SERT+/+ 
rats. In addition, 0.04 mg/kg F13714 treated SERT+/+ rats had a significant reduced number 
of intromissions compared to those treated with saline (p<0.001), 0.0025 mg/kg (p<0.01), 
and 0.01 mg/kg (p<0.05) F13714.

Fig 3. Sexual behavior of male rats treated with 0, 0.01, 0.04, 0.16 or 0.64 mg/kg, IP of F-15599. The number 
and latency of ejaculations per 30 min (A, D), number and latency of Mounts (B, E), number and latency 
of Intromissions (C, F) and Intromission Ratio (G) of the first Ejaculation Series are displayed. Detailed 
statistical analyses are provided in Table 3. a: significant difference (p<0.05) compared to saline group, b: 
significant difference (p<0.05) compared to 0.01mg/kg group, c: significant difference (p<0.05) compared 
to 0.04/mg/kg group. +: significant difference between SERT+/+ and SERT-/- (p<0.05).
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SERT-/- rats had significant lower ejaculation frequencies compared to SERT+/+ rats after 
treatment with saline (p<0.05), and after treatment with 0.0025 mg/kg (p<0.01), 0.01 mg/
kg (p<0.01), and 0.04 mg/kg (p<0.01) F13714. For mounts, only at a dose of 0.04 mg/kg F13714 
SERT-/- rats showed a significant higher mount frequency (p<0.01) compared with SERT+/+ 
rats. At the same dose SERT-/- rats also showed a higher intromission frequency compared 
to SERT+/+ rats. For latency to the first ejaculation a significant increase was found for 
SERT-/- rats compared to SERT+/+ rats for all doses (p values are all <0.01). The latency to 
the first mount was significantly higher for SERT -/- rats compared to SERT+/+ after saline 
treatment (p<0.05) and the latency to the first intromission was also significantly higher 
for SERT-/- rats compared to SERT+/+ at 0.0025 mg/kg F13714 (p<0.05).

3.4 Dose-response of S15535 (Fig. 5 and 6; tables 5 and 6)
S15535 (0.25, 1, and 4-mg/kg) had no significant effects on sexual behavior in SERT+/+ and 
SERT-/- (fig. 5 and 6) compared to saline in either batch of animals. In the first batch of rats, 
a significant genotype effect for ejaculation frequencies was found (F(1,22)=21.167, p<0.001; 
fig. 5A). SERT+/+ rats had significant higher ejaculation frequencies after treatment with 
saline (p<0.001), 0.25mg/kg (p<0.001), 1mg/kg (p<0.05) and 4mg/kg (p<0.001) S15535in 
comparison with SERT-/- rats () . Similar effects were found for the ejaculation latency 
(F(1,22)=25.627, p<0.001; fig. 5D; table 5) where there was an increase for SERT-/- versus SERT+/+ 
animals after saline treatment (p<0.001), and after treatment with 0.25mg/kg (p<0.05), 
1 mg/kg (p<0.05) and 4 mg/kg (p<0.001) S15535, and to some extent in the intromission 
ration, although this was only significant in the saline treated (p<0.05) and 4 mg/kg 
(p<0.05) S155355 treated group. In the second batch of animals, no significant differences 
were found in the majority of the parameters measured, although a significant dose effect 
was found for the number of mounts (F(3,80)=2.946, p<0.05). Analysis revealed a significant 
reduction in the number of mounts between saline and 4 mg/kg S-155355 (p<0.05) and 
between 1 mg/kg and 4 mg/kg S-155355 (p<0.05). In addition, a genotype effect was found 
in the latency to the first intromission (F(1,19)=6.499, p<0.05). Compared to SERT+/+, SERT-/- 

displayed a shorter latency to the first intromission (p<0.05; see fig.6 and Table 6). 

3.5 Comparison between F15599 and F13714 (supplementary figure 1)
A fit curve plot for SERT+/+ and SERT-/- rats on a log scale (see supplementary figure 1) 
was made where data were normalized against the saline treated group. The ED50 was 
calculated for SERT+/+ (F15599, ED50 = 0.21; F13714, ED50= 0.0065) and SERT-/- (F15599, 
ED50 = 0.165; F13714, ED50= 0.00178) and showed that F13714 was more potent compared 
to F15599 in both SERT+/+ and SERT-/- rats. The curved fit plot also showed that SERT-/- 
rats were sensitive to both compounds, as they were able to increase the percentage of 
ejaculations compared with the saline treated group.
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Fig 4. Sexual behavior of male rats treated with 0, 0.0025, 0.01, 0.04 or 0.16 mg/kg F13714. The number 
and latency of ejaculations per 30 min (A, D), number and latency of Mounts (B, E), number and 
latency of Intromissions (C, F) and Intromission Ratio (G) of the first Ejaculation Series are provided. 
Detailed statistical analyses are displayed in Table 4. a: significant difference (p<0.05) compared to 
saline group, b: significant difference (p<0.05) compared to 0.0025mg/kg group, c: significant difference 
(p<0.05) compared to 0.01/mg/kg group. +: significant difference between SERT+/+ and SERT-/- (P<0.05). 
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Fig 5. Sexual behavior of male rats from batch one treated with 0, 0.25, 1 or 4 mg/kg S15535. The number 
and latency of ejaculations per 30 min (A, D), number and latency of Mounts (B, E), number and 
latency of Intromissions (C, F), post-ejaculatory interval (G) and Intromission Ratio (H) of the first 
Ejaculation Series are provided. Detailed statistical analyses are displayed in Table 5. +: significant 
difference between SERT+/+ and SERT-/- groups. 



156   |   Chapter 6

Figure 6. Sexual behavior of male rats from batch two treated with 0, 0.25, 1 or 4 mg/kg S15535. The 
number and latency of ejaculations per 30 min (A, D), number and latency of Mounts (B, E), number 
and latency of Intromissions (C, F) and Intromission Ratio (G) of the first Ejaculation Series are given. 
Detailed statistical analyses are shown in Table 6. a: significant difference (p<0.05) compared to saline 
group, c: significant difference (p<0.05) compared to 1/mg/kg group. +: significant difference between 
SERT+/+ and SERT-/- (P<0.05).
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4. Discussion

In the present study, after extensive training of the two genotypes studied (SERT+/+ 
and SERT-/-), animals showed two different but stable sexual phenotypes, confirming 
earlier findings (Chan et al., 2011) where male SERT+/+ rats performed sexual behavior 
at a higher level than SERT-/- rats. Permanent changes in serotonergic processes in the 
central nervous system by removing the SERT protein from conception on (Chan et al., 
2011; Olivier et al., 2011), apparently leads to permanent changes in overt male sexual 
behavior in rats. The male rat sexual behavior paradigm used in the present studies has 
been developed over the last decades (Chan et al., 2008; Berend Olivier et al., 2010; Pattij et 
al., 2005), specifically to test the effects of psychoactive drugs, including antidepressants 
(Chan et al., 2010; Heijkoop et al., 2018; Waldinger & Olivier, 2005). The paradigm is able 
to distinguish acute effects of drugs like the pro-sexual effects of 5-HT1A R agonist (Pattij 
et al., 2005), but also the chronic inhibitory effects of SSRI antidepressants (Bijlsma 
et al., 2014; Chan et al., 2011; Chan et al., 2010). Pro-sexual effects of drugs in male rat 
sexual behavior are reflected in the speed of onset of sexual activity towards a newly 
introduced female in behavioral estrus; reflected in a shorter interval to reach ejaculation 
(Andersson & Larsson, 1994), including reduced number of mounts and intromissions to 
reach ejaculation and enhanced number of ejaculations over a certain test period (in our 
case 30 min). Reduction of sexual behavior, e.g. by chronic antidepressants (Bijlsma et al., 
2014; Chan et al., 2010) has reversed effects. This chronic SSRI (antidepressant)-induced 
profile of reduced male sexual behavior is comparable to the sexual behavior of SERT-/- 
rats and supports the hypothesis that male SERT-/- rats are modeling the sexual effects 
of chronic SSRI administration (Chan et al., 2011; Berend Olivier et al., 2010). 

Two biased 5-HT1A R agonists, the preferential 5-HT1A auto-receptor agonist F13714 (Assié 
et al., 2006; Becker et al., 2016) and the preferential 5-HT1A heteroreceptor agonist F15599 
(Becker et al., 2016; A Newman-Tancredi et al., 2009) were tested in SERT+/+ and SERT-

/- rats. Both compounds induced pro-sexual activity in SERT+/+ and SERT-/- rats. F13714 is 
considerably more potent than F15599 in eliciting the pro-sexual effects, but the similarity 
of the response of both compounds on male sexual behavior suggests that both compounds 
share comparable mechanisms of action in evoking this behavior. This may point to an 
autoreceptor-mediated effect. Unfortunately, full dose-response curves of this prosexual 
effect were not available for both compounds making definite conclusions impossible. In 
F13714-treated SERT-/- rats the dose-response curve was shifted to the right compared to 
the SERT+/+ rats, but this was not the case in F15599 rats where the sexual inhibiting doses 
were comparable in both genotypes. 5-HT1A receptor stimulation by ‘non-selective’ (with 
regard to pre- and postsynaptic receptors) 5-HT1A R agonists like 8-OH-DPAT, flesinoxan, 
buspirone, ipsapirone and others (Olivier et al., 1999) have pro-sexual effects in wildtype 
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rats (Snoeren et al., 2014 for review), but no studies were performed before, in which 
the specific contributions of 5-HT1A auto-receptors or 5-HT1A heteroreceptors (or both) 
are investigated. S15535, an auto-receptor selective 5-HT1A R agonist and heteroreceptor-
selective 5-HT1A R antagonist, did not have any effects on male sexual behavior of SERT+/+ 
and SERT-/- rats, neither in normal ejaculating (on average 1-2 ejaculations/30 min, batch 
1) nor sluggish (0-1 ejaculations/30 min, batch 2) rats. We conclude that S15535 behaves 
as a ‘silent’ 5-HT1A receptor ligand in male rat sexual behavior.

The prototypal 5-HT1A R agonist (+/-) or (+)-8-OH-DPAT, a nonselective auto-receptor and 
heteroreceptor agonist (Larsson et al., 1990), has strong and dose-dependent pro-sexual 
effects (Chan et al., 2011; Mos et al., 1991). This pro-sexual effect can be fully antagonized 
by the 5-HT1A R antagonist WAY100,635, a behaviorally silent compound (T. R. de Jong & 
Neumann, 2015). In male SERT-/- rats (Chan et al., 2011) 8-OH-DPAT had pro-sexual effects, 
although (like the biased agonist F13714 in the present study) the dose-response curve was 
shifted to the right compared to SERT+/+ rats. The lack of any behavioral effect of S15535 in 
either SERT+/+ or SERT-/- rats is rather puzzling. Apparently, 5-HT1A R antagonistic activity 
on 5-HT1A heteroreceptors in SERT-/- rats did not cause inhibition of male sexual behavior 
like WAY100,635 treatment (Chan et al., 2011). The stimulating effect of F13714 and F15599 
in male sexual behavior in both SERT+/+ and SERT-/- rats is also quite puzzling, because it 
makes explanations in term of pre- or postsynaptic 5-HT1A receptor mechanisms involved, 
troublesome. However, it remains possible that the preferential postsynaptic 5-HT1A R 
agonist F15599 at higher doses (like in this experiment) also displays some presynaptic 
autoreceptor agonistic activity. In that case F15599 does not appear the specific tool to 
selectively activate postsynaptic 5-HT1A heteroreceptors.

How do the sexual data obtained with these three serotonergic ligands compare to their 
effects in other behavioral systems? The research group of De Boer (De Boer & Newman-
Tancredi, 2016) has tested these (and other) ligands extensively in male rat models of 
offensive aggression in Wildtype Groningen (WTG) rats. In male rat offensive aggression 
(De Boer et al.,1999; 2000) 8-OH-DPAT potently and dose-dependently reduced offensive 
aggression but also induces strong sedative-like behaviors. Because 5-HT1A R agonists 
induce a so-called serotonin-5-HT1A syndrome, characterized by Lower Lip Retraction 
(LLR), Forepaw Treading (FPT) and Flat Body Posture (FBP), it is not completely clear 
whether this sedative-like activity is similar to these serotonergic behaviors. These anti-
aggressive and other effects of 8-OH-DPAT can be fully antagonized by WAY100,635 (De 
Boer et al., 1999; De Boer et al., 2000), a silent antagonist in offensive aggression. F13714, 
F15599 and S15535 all reduce offensive aggression (De Boer & Newman-Tancredi, 2016). 
Both F13714 and F15599 induce a serotonergic-5-HT1A syndrome in rats ( Assié et al., 2010; 
Jastrzębska-Więsek et al., 2018; Newman-Tancredi et al., 2009). S15535 does not induce 
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the serotonergic-5-HT1A syndrome at all (De Boer & Newman-Tancredi, 2016; Jastrzębska-
Więsek et al., 2018) and also has no sedative-like activity in offensive aggression (De Boer 
et al., 2000). WAY100,635 antagonized the anti-aggressive action of S15535, F15599 and 
F13714 (De Boer & Newman-Tancredi, 2016).

If the mechanisms of action of the three 5-HT1A ligands as extensively investigated by 
various research groups are true, mechanistic explanations of the behavioral effects found 
in male sexual behavior are rather difficult to explain. Serotonergic 5-HT1A auto-receptors 
in the raphe nuclei are generally considered as, upon activation, leading to inhibition of 
cell firing and consequently a decrease of serotonin release. Subsequently, all postsynaptic 
5-HT (hetero) receptors (including 5-HT1A heteroreceptors) receive diminished or no 
stimulation by serotonin and depending on the coupling of the postsynaptic receptor to 
different transduction mechanisms the neuron involved will be activated or inhibited. 
In case of a non-selective 5-HT1A receptor agonist like 8-OH-DPAT, next to its inhibiting 
action on the serotonergic neuron, direct 5-HT1A heteroreceptor stimulation still occurs 
leading to post-synaptically mediated effects, like the serotonergic-5-HT1A behavioral 
syndrome (Berendsen et al., 1990; Jastrzębska-Więsek et al., 2018). In the case of F13714, 
a relatively selective (compared to heteroreceptor) 5-HT1A auto-receptor agonist (Assié 
et al., 2006) potently facilitated sexual activity in male SERT+/+ rats suggesting that pro-
sexual activity is related to activation of 5-HT1A auto-receptors. The relatively selective 
5-HT1A heteroreceptor agonist F15599 also facilitated male sexual activity in SERT+/+ rats. 
The difference in potency (factor 256 difference) to obtain the pro-sexual activity (at the 
lowest effective dose) can possibly be explained by the difference of the in vitro and in vivo 
affinity and efficacy of both compounds on 5-HT1A receptors (Assié et al., 2010; Jastrzębska-
Więsek et al., 2018; Newman-Tancredi, 2011b). This might be taken as suggestive that both 
compounds exert pro-sexual activity via activation of 5-HT1A auto-receptors. Strangely 
enough, both compounds also activate serotonergic-5-HT1A syndrome (Becker et al., 
2016; Newman-Tancredi, 2011b). The 5-HT1A auto-receptor agonist S15535 does not induce 
pro-sexual behavior, neither in normal nor in sexually sluggish behaving rats. Whether 
blocking of postsynaptic 5-HT1A heteroreceptors antagonizes the expected pro-sexual 
effect of the auto-receptor stimulation is rather difficult to envisage. This would assume 
a rather high level of basal activity of 5-HT1A heteroreceptors involved in sexual behavior. 
Interestingly, Pattij et al. (2005) showed that sluggish, normal and rapid ejaculators 
showed increased ejaculations after treatment with 8-OH-DPAT, however when rats were 
re-tested 1 week after this 5-HT1A R agonist administration all phenotypes returned to 
ejaculatory behavior levels found before the 8-OH-DPAT treatment. In the present study 
we found that during the weeks where treatment with S155355 were administered, the 
saline groups (and thus baseline levels) showed significant higher ejaculation frequencies 
compared to the ejaculation frequencies during the training weeks. This might suggest 
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that pro-sexual effects due to 5-HT1A R agonist can be long-lasting, most likely due to 
alterations in the 5-HT1A receptors. Further research is warranted to investigate how long 
this effect would persist and whether 1 week after all treatments with 5-HT1A R agonists, 
and without saline treatment, is still present.

SERT-/- rats, a model of permanently changed serotonergic activity in the brain (Homberg 
et al., 2007) and associated with an altered sexual phenotype (Chan et al., 2011) may be 
helpful in explaining the behavioral effects found for the three compounds. Chan et al. 
(2011) have found that 8-OH-DPAT has pro-sexual effects in male SERT-/- rats, although the 
dose-response curve has been shifted to the right compared to SERT+/+ rats. Remarkably, 
WAY100,635, a non-selective 5-HT1A receptor antagonist and without any behavioral 
effects in SERT+/+ males, was (dose-dependently) inhibitory in SERT-/- rats. WAY100,635 
was able to completely antagonize the pro-sexual effects of 8-OHDPAT in SERT+/+ rats 
but only partially in SERT-/- rats (Chan et al., 2011). We concluded from these data that 
complete absence of SERT molecules had led to alterations in 5-HT1A receptor functioning, 
hypothesizing that one pool of 5-HT1A receptors mediates pro-sexual effects of 5-HT1A 
receptor stimulation and is not (de)sensitized, whereas another pool of 5-HT1A receptors, 
mediating the inhibitory effects of antagonized 5-HT1A receptors seems sensitized in 
the SERT-/- rats. The hypothesis of two differentially regulated 5-HT1A receptor pools in 
SERT-/- rats has also been found in autonomic regulation of body temperature and stress 
(Olivier et al., 2008). The findings with F15599 and F13714 in the SERT-/- rats cannot be 
explained in terms of action on different 5-HT1A receptor pools. If any, both compounds 
seem to activate the pool mediating the pro-sexual effects. The 5-HT1A heteroreceptor 
antagonistic effects of S15535 do not lead to inhibition of male sexual behavior in the 
better performing (normal ejaculating) SERT-/- rats, as was the case for WAY100,635 in 
the Chan et al. (2011) study. 

Our expectation that biased 5-HT1A receptor agonists and a mixed 5-HT1A presynaptic 
receptor agonist and postsynaptic antagonist might help to reveal the potential 
contribution of these different 5-HT1A receptors was too optimistic. The mechanisms 
of action of the respective molecules are probably, especially in vivo in complicated 
networks, where 5-HT1A receptors interact with various other neurotransmitter systems 
in the modulation of male sexual behavior, to complex and need more research.
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5.Conclusion

The data collected with the pharmacological experiments show that selective (preferential) 
pre- and post-synaptic 5-HT1A R agonists possess pro-sexual effects in SERT+/+ and SERT-/-, 
although the response is diminished in SERT-/- animals, most likely due to desensitization 
of 5-HT1A receptors. The pharmacological experiment with S15535 compared with previous 
experiments performed in aggression, shows that even though aggression and sexual 
behavior share most of their neurobiological substrate, at least at the 5-HT1A R level we are 
dealing with separate neurobiological substrates for male sexual and aggressive behavior 
in rats, but further experiments are needed to support this idea. 
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Tables

Table 1: Sexual Behavior performance during training weeks of male SERT+/+ and SERT-/- Wistar rats 
from batch 1. N=12/group 

Week Week

SERT
1

Mean ± SEM
A

2
Mean ± SEM

B

3
Mean ± SEM

C

4
Mean ± SEM

D

5
Mean ± SEM

E

6
Mean ± SEM

F

7-15
Mean ± SEM

G

16-20
Mean ± SEM

H

One Way ANOVA
Time effect

+/+ 0.0±0.0 0.0±0.0 0.50±0.23 1.08±0.31
A,B

1.16±0.40
A,B

1.41± 0.37
A,B,C

1.33±0.30
A,B

2.91±0.45
A,B,C,D,E,F,G

F(7.88)=9.37; p<0.001

-/- 0.0±0.0 0.0±0.0 0.0±0.0 0.25±0.17 0.25±0.13 0.33±0.25 0.33±0.18 1.00±0.32
A,B,C,D,E,F,G

F(7,88)=3.25; p<0.01

T-test genotype 
per week

ns ns *
T(1,22)=2.171, p<0.05

*
T(1,22)=2.311, p<0.05

*
T(1,22)=2.154, p<0.05

*
T(1,22)=2.370, p<0.05

*
T(1,22)=2.760, p<0.05

*
T(1,22)=3.443, p<0.01

2-WAY ANOVA 
repeated 

measures

Time (week) effect F(7,154)=13.855, p<0.001
Time(week)*Genotype effect F(7,154)=3.396, p<0.01
Genotype effect F(1,22)=23.807, p<0.001

A: significantly different from week 1; B: significantly different from week 2; C: significantly different 
from week 3; D: significantly different from week 4; 

E: significantly different from week 5; F: significantly different from week 6; G: significantly different 
from week 7-15; all p values are <0.05.

Table 2: Sexual Behavior performance during training weeks of male SERT+/+ and SERT-/-Wistar rats 
from batch 2. N=10 and N=11 respectively.

Week Week

SERT
1

Mean ± SEM
A

2
Mean ± SEM

B

3
Mean ± SEM

C

4
Mean ± SEM

D

5
Mean ± SEM

E

6
Mean ± 

SEM
F

7
Mean ± 

SEM
G

8
Mean ± 

SEM
H

9
Mean ± 

SEM
I

10
Mean ± 

SEM
J

11-14
Mean ± SEM

K

One Way ANOVA
Time effect

+/+ 0.0±0.0 0.0±0.0 0.20±0.13 0.10±0.10 0.20±0.13 0.20±0.20 0.10±0.10 0.10±0.10 0.10±0.10 0.20±0.20 0.70±0.39

-/- 0.0±0.0 0.0±0.0 0.0±0.0 0.09±0.09 0.0±0.0 0.18±0.12 0.0±0.0 0.09±0.09 0.0±0.0 0.09±0.09 0.54±0.24
A,B,C,D,E,F,G,H,I,J

T-test genotype per week NA NA NA NA NA NA NA NA NA NA NA F(10,220)=3.418, p<0.001

2-WAY ANOVA repeated 
measure

Time (week) effect F(10,190)=3.321, p<0.001
No Time(week)*Genotype effect F(10,190)=0.607, n.s.
No Genotype effect F(1,19)=2.072, n.s.

A: significantly different from week 1; B: significantly different from week 2; C: significantly different 
from week 3; D: significantly different from week 4; E: significantly different from week 5; 

F: significantly different from week 6; G: significantly different from week 7; H: significantly different 
from week 8; I: significantly different from week 9; J: significantly different week 10; all p values are <0.01.
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Tables

Table 1: Sexual Behavior performance during training weeks of male SERT+/+ and SERT-/- Wistar rats 
from batch 1. N=12/group 

Week Week

SERT
1

Mean ± SEM
A

2
Mean ± SEM

B

3
Mean ± SEM

C

4
Mean ± SEM

D

5
Mean ± SEM

E

6
Mean ± SEM

F

7-15
Mean ± SEM

G

16-20
Mean ± SEM

H

One Way ANOVA
Time effect

+/+ 0.0±0.0 0.0±0.0 0.50±0.23 1.08±0.31
A,B

1.16±0.40
A,B

1.41± 0.37
A,B,C

1.33±0.30
A,B

2.91±0.45
A,B,C,D,E,F,G

F(7.88)=9.37; p<0.001

-/- 0.0±0.0 0.0±0.0 0.0±0.0 0.25±0.17 0.25±0.13 0.33±0.25 0.33±0.18 1.00±0.32
A,B,C,D,E,F,G

F(7,88)=3.25; p<0.01

T-test genotype 
per week

ns ns *
T(1,22)=2.171, p<0.05

*
T(1,22)=2.311, p<0.05

*
T(1,22)=2.154, p<0.05

*
T(1,22)=2.370, p<0.05

*
T(1,22)=2.760, p<0.05

*
T(1,22)=3.443, p<0.01

2-WAY ANOVA 
repeated 

measures

Time (week) effect F(7,154)=13.855, p<0.001
Time(week)*Genotype effect F(7,154)=3.396, p<0.01
Genotype effect F(1,22)=23.807, p<0.001

A: significantly different from week 1; B: significantly different from week 2; C: significantly different 
from week 3; D: significantly different from week 4; 

E: significantly different from week 5; F: significantly different from week 6; G: significantly different 
from week 7-15; all p values are <0.05.

Table 2: Sexual Behavior performance during training weeks of male SERT+/+ and SERT-/-Wistar rats 
from batch 2. N=10 and N=11 respectively.

Week Week

SERT
1

Mean ± SEM
A

2
Mean ± SEM

B

3
Mean ± SEM

C

4
Mean ± SEM

D

5
Mean ± SEM

E

6
Mean ± 

SEM
F

7
Mean ± 

SEM
G

8
Mean ± 

SEM
H

9
Mean ± 

SEM
I

10
Mean ± 

SEM
J

11-14
Mean ± SEM

K

One Way ANOVA
Time effect

+/+ 0.0±0.0 0.0±0.0 0.20±0.13 0.10±0.10 0.20±0.13 0.20±0.20 0.10±0.10 0.10±0.10 0.10±0.10 0.20±0.20 0.70±0.39

-/- 0.0±0.0 0.0±0.0 0.0±0.0 0.09±0.09 0.0±0.0 0.18±0.12 0.0±0.0 0.09±0.09 0.0±0.0 0.09±0.09 0.54±0.24
A,B,C,D,E,F,G,H,I,J

T-test genotype per week NA NA NA NA NA NA NA NA NA NA NA F(10,220)=3.418, p<0.001

2-WAY ANOVA repeated 
measure

Time (week) effect F(10,190)=3.321, p<0.001
No Time(week)*Genotype effect F(10,190)=0.607, n.s.
No Genotype effect F(1,19)=2.072, n.s.

A: significantly different from week 1; B: significantly different from week 2; C: significantly different 
from week 3; D: significantly different from week 4; E: significantly different from week 5; 

F: significantly different from week 6; G: significantly different from week 7; H: significantly different 
from week 8; I: significantly different from week 9; J: significantly different week 10; all p values are <0.01.
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Table 3: Effects of F15599 on Sexual Behavior of male SERT+/+ and SERT-/- Wistar rats. N=12/group 

Dose of F-15599, mg/kg 0 mg/kg
A

0.01 mg/kg
B

0.04 mg/kg
C

0.16 mg/kg
D

0.64 mg/kg
E

One Way ANOVA
Dose effect

Parameters measured Mean ±SEM Mean ±SEM Mean ±SEM Mean ±SEM Mean ±SEM

# E SERT +/+
SERT -/-

One-way ANOVA between genotype 
per dose

1.3±0.30
0.3±0.18

*
F(1,22)= 7.615, p<0.05

1.6±0.51
0.25±0.17

*
F(1,22)= 6.807, p<0.05

1.58±0.43
0.25±0.136

*
F(1,22)= 8.638, p<0.05

2.50±0.57.7.5
0±0.30

*
F(1,22)= 7.317, p<0.05

3.41±0.41
1.50±0.37

A,B,C
*

F(1,22)= 11.569; p<0.05 F(4,115)=5.286, p<0.001

2-WAY ANOVA 
repeated 

measures

Dose effect F(4,88)=8.747, p<0.001
No Dose*Genotype effect F(4,88)=0.594, n.s.
Genotype effect F(1,22)=22.278, p<0.001

# M 1st series 
SERT +/+

SERT -/-

One-way ANOVA between genotype 
per dose

10.75±1.457

12.50±4.061

NA

6.53±1.22
1

0.00±2.25

NA

10.58±3.23

13.08±2.77

NA

7.08±2.15

17.00±3.97

NA

1.50±0.26

10.92±2.26

NA

NA

2-WAY ANOVA 
repeated 

measures

Dose effect F(4,88)=5.334, p<0.001
No Dose*Genotype effect F(4,88)=2.030, n.s.
No Genotype effect F(1,22)=2.962, n.s.

# I 1st series 
SERT +/+

SERT -/-

One-way ANOVA between genotype 
per dose

7.66±1.46
5.91±2.07

NA

5.08±0.84
4.25±1.32

NA

7.75±1.45
5.66±1.76

NA

5.75±1.16
7.41±1.22

NA

2.50±0.46
6.50±1.14

NA NA

2-WAY ANOVA 
repeated 

measures

No Dose effect F(4,88)=1.707, n.s
No Dose*Genotype effect F(4,88)=2.114, n.s.
No Genotype effect F(1,22)=0.856, n.s

Latency 1st E (s) SERT +/+
SERT -/-

One-way ANOVA between genotype 
per dose

853.3±157.3
1689.4±75.8

*
F(1,22)= 22.922, p<0.001

673.8±184.6
1589±131.2

*
F(1,22)= 16.335, p<0.01

528.6±173.0
1686±62.3

*
F(1,22)= 39.601, p<0.001

487.3±183.6
1272±177.2

*
F(1,22)= 9.466, p<0.05

88.67±29.8
1063±184.9

A,B,C
*

F(1,22)= 27.033, p<0.001 F(4,115)= 3.010; p<0.05

2-WAY ANOVA 
repeated 

measures

Dose effect F(4,88)=7.446, p<0.001
No Dose*Genotype effect F(4,88)=0.525, n.s.
Genotype effect F(1,22)=77.110, p<0.001
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Table 3: Effects of F15599 on Sexual Behavior of male SERT+/+ and SERT-/- Wistar rats. N=12/group 

Dose of F-15599, mg/kg 0 mg/kg
A

0.01 mg/kg
B

0.04 mg/kg
C

0.16 mg/kg
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0.64 mg/kg
E
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Dose effect
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12.50±4.061
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6.53±1.22
1
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7.75±1.45
5.66±1.76
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7.41±1.22

NA

2.50±0.46
6.50±1.14

NA NA

2-WAY ANOVA 
repeated 

measures

No Dose effect F(4,88)=1.707, n.s
No Dose*Genotype effect F(4,88)=2.114, n.s.
No Genotype effect F(1,22)=0.856, n.s

Latency 1st E (s) SERT +/+
SERT -/-

One-way ANOVA between genotype 
per dose

853.3±157.3
1689.4±75.8

*
F(1,22)= 22.922, p<0.001

673.8±184.6
1589±131.2

*
F(1,22)= 16.335, p<0.01

528.6±173.0
1686±62.3

*
F(1,22)= 39.601, p<0.001

487.3±183.6
1272±177.2

*
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88.67±29.8
1063±184.9
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Table 3: Continued

Dose of F-15599, mg/kg 0 mg/kg
A

0.01 mg/kg
B

0.04 mg/kg
C

0.16 mg/kg
D

0.64 mg/kg
E

One Way ANOVA
Dose effect

Parameters measured Mean ±SEM Mean ±SEM Mean ±SEM Mean ±SEM Mean ±SEM

Latency 1st M (s) SERT +/+
SERT -/-

One-way ANOVA between genotype 
per dose

155.5±71.6
619.6±251.7

NA

260.0±146.7
491.3±228.4

NA

232.2±150.7
365.1±195.6

NA

23.8±8.8
208.0±147.8

NA

211.9±146.8
322.3±192.9

NA NA

2-WAY ANOVA 
repeated 

measures

No Dose effect F(4,88)=1.260, n.s.
No Dose*Genotype effect F(4,88)=1.260, n.s.
No Genotype effect F(1,22)=1.906, n.s.

Latency 1st I (s) 
SERT +/+

SERT -/-

One-way ANOVA between genotype 
per dose

302.6±152.4
770.1±262.5

NA

371.3±145.3
782.6±259.4

NA

397.1±186.1
663.7±226.4

NA

382.1±148.2
252.4±193.2

NA

300.2±159.2
342.8±191.0

NA NA

2-WAY ANOVA 
repeated 

measures

No Dose effect F(4,88)=1.418, n.s.
No Dose*Genotype effect F(4,88)=0.532, n.s.
No Genotype effect F(1,22)=2.252, n.s.

IR1 SERT +/+
SERT -/-

One-way ANOVA between genotype 
per dose

35.5±4.4
16.8±5.1

*
F(1,22)= 7.501, p<0.05

42.8±6.6
18.0±5.2

*
F(1,22)= 8.580, p<0.01

45.0±6.2
20.2±4.7

*
F(1,22)= 9.943, p<0.05

49.0±7.4
30.7±6.1

*
F(1,22)= 3.608, p<0.05

55.9±6.4
37.6±5.6
A,B,C

ns
F(4,115)= 3.111,p<0.05

2-WAY ANOVA 
repeated 

measures

Dose effect F(4,88)=4.566, p<0.01
No Dose*Genotype effect F(4,88)=0.205, n.s.
Genotype effect F(1,22)=19.573, p<0.001

A: significant difference compared to saline group, B: significant difference compared to 0.01mg/kg 
group, C: significant difference compared to 0.04/mg/kg group, 

p values set at <0.05 (for specific p values go to results sections). *: significant difference between SERT+/+ 

and SERT-/- (p<0.05).
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Table 3: Continued

Dose of F-15599, mg/kg 0 mg/kg
A

0.01 mg/kg
B

0.04 mg/kg
C

0.16 mg/kg
D

0.64 mg/kg
E

One Way ANOVA
Dose effect

Parameters measured Mean ±SEM Mean ±SEM Mean ±SEM Mean ±SEM Mean ±SEM

Latency 1st M (s) SERT +/+
SERT -/-

One-way ANOVA between genotype 
per dose

155.5±71.6
619.6±251.7

NA

260.0±146.7
491.3±228.4

NA

232.2±150.7
365.1±195.6

NA

23.8±8.8
208.0±147.8

NA

211.9±146.8
322.3±192.9

NA NA

2-WAY ANOVA 
repeated 

measures

No Dose effect F(4,88)=1.260, n.s.
No Dose*Genotype effect F(4,88)=1.260, n.s.
No Genotype effect F(1,22)=1.906, n.s.

Latency 1st I (s) 
SERT +/+

SERT -/-

One-way ANOVA between genotype 
per dose

302.6±152.4
770.1±262.5

NA

371.3±145.3
782.6±259.4

NA

397.1±186.1
663.7±226.4

NA

382.1±148.2
252.4±193.2

NA

300.2±159.2
342.8±191.0

NA NA

2-WAY ANOVA 
repeated 

measures

No Dose effect F(4,88)=1.418, n.s.
No Dose*Genotype effect F(4,88)=0.532, n.s.
No Genotype effect F(1,22)=2.252, n.s.

IR1 SERT +/+
SERT -/-

One-way ANOVA between genotype 
per dose

35.5±4.4
16.8±5.1

*
F(1,22)= 7.501, p<0.05

42.8±6.6
18.0±5.2

*
F(1,22)= 8.580, p<0.01

45.0±6.2
20.2±4.7

*
F(1,22)= 9.943, p<0.05

49.0±7.4
30.7±6.1

*
F(1,22)= 3.608, p<0.05

55.9±6.4
37.6±5.6
A,B,C

ns
F(4,115)= 3.111,p<0.05

2-WAY ANOVA 
repeated 

measures

Dose effect F(4,88)=4.566, p<0.01
No Dose*Genotype effect F(4,88)=0.205, n.s.
Genotype effect F(1,22)=19.573, p<0.001

A: significant difference compared to saline group, B: significant difference compared to 0.01mg/kg 
group, C: significant difference compared to 0.04/mg/kg group, 

p values set at <0.05 (for specific p values go to results sections). *: significant difference between SERT+/+ 

and SERT-/- (p<0.05).
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Table 4: Effects of F13714 on Sexual Behavior of male SERT+/+ and SERT-/- Wistar rats. N=12/group

Dose of F-13714, mg/kg 0 mg/kg
A

0.0025 mg/kg
B

0.01 mg/kg
C

0.04 mg/kg
D

0.16 mg/kg
E

One Way ANOVA
Dose effect

Parameters measured Mean ±SEM Mean ±SEM Mean ±SEM Mean ±SEM Mean ±SEM

# E SERT +/+

SERT -/-

One-way ANOVA between genotype 
per dose

1.33±0.30

0.33±0.18

*
F(1,22)=7.615, p<0.05

2.91±0.31 
A

0.25±0.17

*
F(1,22)=54.680, p<0.01

2.41±0.43
A

0.66±0.30

*
F(1,22)=10.156, p<0.01

2.75±0.46
A

1.08±0.35

*
F(1,22)=8.118, p<0.01

1.41±0.41

1.33±0.44
A,B
ns

F(4,55)= 3.607, p<0.05

F(4,55)= 2.230, p=0.078

2-WAY ANOVA repeated measures
Dose effect F(4,88)=3.287, p<0.05
Dose*Genotype effect F(4,88)=4.810, p<0.01
Genotype effect F(1,22)=20.649, p<0.001

# M 1st series 
SERT +/+

SERT -/-

One-way ANOVA between genotype 
per dose

10.7±1.45
12.5±4.06

ns

9.6±2.68
13.4±2.63

ns

12.3±4.11
12.9±4.44

ns

6.5±1.22
15.3±3.88

*
F(1,22)=11.642, p<0.01

1.6±1.23
1.4±0.4345 
A,B,C,D

ns F(4,115)=4.476, p<0.01

2-WAY ANOVA repeated measures Dose effect F(4,88)=2.285, p=0.06
No Dose*Genotype effect F(4,88)=1.294, n.s.
Genotype effect F(1,22)=6.943, p<0.05

# I 1st series 
SERT +/+

SERT -/-

One-way ANOVA between genotype 
per dose

7.6±1.46

5.9±2.07

ns

6.0±0.60

4.6±1.53

ns

5.5±1.17

6.0±1.22

ns

2.1±0.62
A,B,C

7.16±1.61

*
F(1,22)=8.305, p<0.01

1.1±0.56
A,B,C

2.9±0.88

ns

F(4,55)= 8.194; p<0.001

F(4,55)= 1.128; n.s.

2-WAY ANOVA repeated measures Dose effect F(4,88)=5.308, p<0.01
Dose*Genotype effect F(4,88)=3.128, p<0.05
No Genotype effect F(1,22)=0.510, n.s.

Latency 1st E (s) SERT +/+
SERT -/-

One-way ANOVA between genotype 
per dose

853.3±157.3
1689.4±75.8

*
F(1,22)=22.922, p<0.001

379.3±91.56
1664±97.59

*
F(1,22)=92.148, p<0.001

504.4±178.2
1411±169.8

*
F(1,22)=13.568, p<0.01

196.3±68.59
1303±186.2

*
F(1,22)=31.127, p<0.001

215.3±133.4
1004±219.3

*
F(1,22)=9.429, p<0.01 F(4,115)= 1.293; n.s.

2-WAY ANOVA repeated measures Dose effect F(4,88)=7.604, p<0.001
Dose*Genotype effect F(4,88)=1.253, p<0.05
Genotype effect F(1,22)=62.797, p<0.001
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Table 4: Effects of F13714 on Sexual Behavior of male SERT+/+ and SERT-/- Wistar rats. N=12/group

Dose of F-13714, mg/kg 0 mg/kg
A

0.0025 mg/kg
B

0.01 mg/kg
C

0.04 mg/kg
D

0.16 mg/kg
E

One Way ANOVA
Dose effect

Parameters measured Mean ±SEM Mean ±SEM Mean ±SEM Mean ±SEM Mean ±SEM

# E SERT +/+

SERT -/-

One-way ANOVA between genotype 
per dose

1.33±0.30

0.33±0.18

*
F(1,22)=7.615, p<0.05

2.91±0.31 
A

0.25±0.17

*
F(1,22)=54.680, p<0.01

2.41±0.43
A

0.66±0.30

*
F(1,22)=10.156, p<0.01

2.75±0.46
A

1.08±0.35

*
F(1,22)=8.118, p<0.01

1.41±0.41

1.33±0.44
A,B
ns

F(4,55)= 3.607, p<0.05

F(4,55)= 2.230, p=0.078

2-WAY ANOVA repeated measures
Dose effect F(4,88)=3.287, p<0.05
Dose*Genotype effect F(4,88)=4.810, p<0.01
Genotype effect F(1,22)=20.649, p<0.001

# M 1st series 
SERT +/+

SERT -/-

One-way ANOVA between genotype 
per dose

10.7±1.45
12.5±4.06

ns

9.6±2.68
13.4±2.63

ns

12.3±4.11
12.9±4.44

ns

6.5±1.22
15.3±3.88

*
F(1,22)=11.642, p<0.01

1.6±1.23
1.4±0.4345 
A,B,C,D

ns F(4,115)=4.476, p<0.01

2-WAY ANOVA repeated measures Dose effect F(4,88)=2.285, p=0.06
No Dose*Genotype effect F(4,88)=1.294, n.s.
Genotype effect F(1,22)=6.943, p<0.05

# I 1st series 
SERT +/+

SERT -/-

One-way ANOVA between genotype 
per dose

7.6±1.46

5.9±2.07

ns

6.0±0.60

4.6±1.53

ns

5.5±1.17

6.0±1.22

ns

2.1±0.62
A,B,C

7.16±1.61

*
F(1,22)=8.305, p<0.01

1.1±0.56
A,B,C

2.9±0.88

ns

F(4,55)= 8.194; p<0.001

F(4,55)= 1.128; n.s.

2-WAY ANOVA repeated measures Dose effect F(4,88)=5.308, p<0.01
Dose*Genotype effect F(4,88)=3.128, p<0.05
No Genotype effect F(1,22)=0.510, n.s.

Latency 1st E (s) SERT +/+
SERT -/-

One-way ANOVA between genotype 
per dose

853.3±157.3
1689.4±75.8

*
F(1,22)=22.922, p<0.001

379.3±91.56
1664±97.59

*
F(1,22)=92.148, p<0.001

504.4±178.2
1411±169.8

*
F(1,22)=13.568, p<0.01

196.3±68.59
1303±186.2

*
F(1,22)=31.127, p<0.001

215.3±133.4
1004±219.3

*
F(1,22)=9.429, p<0.01 F(4,115)= 1.293; n.s.

2-WAY ANOVA repeated measures Dose effect F(4,88)=7.604, p<0.001
Dose*Genotype effect F(4,88)=1.253, p<0.05
Genotype effect F(1,22)=62.797, p<0.001
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Table 4: Continued

Dose of F-13714, mg/kg 0 mg/kg
A

0.0025 mg/kg
B

0.01 mg/kg
C

0.04 mg/kg
D

0.16 mg/kg
E

One Way ANOVA
Dose effect

Parameters measured Mean ±SEM Mean ±SEM Mean ±SEM Mean ±SEM Mean ±SEM

Latency 1st M (s) SERT +/+
SERT -/-

One-way ANOVA between genotype 
per dose

155.5±71.6
619.6±251.7

*
F(1,22)=3.144, p<0.05

44.17±19.21
512.1±227.0

ns

170.8±148.3
296.4±182.36

ns

369.0±195.7
327.2±198.8

ns

858.3±221.2
635.5±221.2

ns
F(4,115)= 2.315, n.s.

2-WAY ANOVA repeated measures Dose effect F(4,88)=3.160, p<0.05
No Dose*Genotype effect F(4,88)=1.79, n.s.
Genotype effect F(1,22)=22.47, p<0.001

Latency 1st I (s) 
SERT +/+

SERT -/-

One-way ANOVA between genotype 
per dose

302.6±152.4

770.1±262.5

ns

120.4±50.65

722.86±211.3

*
F(1,22)=7.682, p<0.05

201.8±146.0

319.7±181.0

ns

472.2±192.2

342.6±197.0

ns

945.9±209.2
A,B,C,D

832.5±234.0

ns

F(4,115)= 4.203, p<0.01

F(4,115)= 1.266, n.s.

2-WAY ANOVA repeated measures Dose effect F(4,88)=4.628, p<0.001
Dose*Genotype effect F(4,88)=2.298, p<0.05
No Genotype effect F(1,22)=1.029, n.s.

IR1 SERT +/+
SERT -/-

One-way ANOVA between genotype 
per dose

35.5±4.4
16.8±5.1

NA

45.3±4.47
17.3±5.19

NA

42.2±8.22
34.4±5.47

NA

49.8±10.64
34.1±8.11

NA

37.3±11.99
41.0±11.00

NA

NA

2-WAY ANOVA repeated measures No Dose effect F(4,88)=1.514, n.s.
No Dose*Genotype effect F(4,88)=1.291, n.s.
No Genotype effect F(1,22)=1.029, n.s.

A: significant difference compared to saline group, B: significant difference compared to 0.0025mg/kg 
group, C: significant difference compared to 0.01/mg/kg group; 

D: significant difference compared to 0.04/mg/kg group p values set at <0.05 (for specific p values go to 
results sections). *: significant difference between SERT+/+ and SERT-/- (p<0.05).
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Table 4: Continued

Dose of F-13714, mg/kg 0 mg/kg
A

0.0025 mg/kg
B

0.01 mg/kg
C

0.04 mg/kg
D

0.16 mg/kg
E

One Way ANOVA
Dose effect

Parameters measured Mean ±SEM Mean ±SEM Mean ±SEM Mean ±SEM Mean ±SEM

Latency 1st M (s) SERT +/+
SERT -/-

One-way ANOVA between genotype 
per dose

155.5±71.6
619.6±251.7

*
F(1,22)=3.144, p<0.05

44.17±19.21
512.1±227.0

ns

170.8±148.3
296.4±182.36

ns

369.0±195.7
327.2±198.8

ns

858.3±221.2
635.5±221.2

ns
F(4,115)= 2.315, n.s.

2-WAY ANOVA repeated measures Dose effect F(4,88)=3.160, p<0.05
No Dose*Genotype effect F(4,88)=1.79, n.s.
Genotype effect F(1,22)=22.47, p<0.001

Latency 1st I (s) 
SERT +/+

SERT -/-

One-way ANOVA between genotype 
per dose

302.6±152.4

770.1±262.5

ns

120.4±50.65

722.86±211.3

*
F(1,22)=7.682, p<0.05

201.8±146.0

319.7±181.0

ns

472.2±192.2

342.6±197.0

ns

945.9±209.2
A,B,C,D

832.5±234.0

ns

F(4,115)= 4.203, p<0.01

F(4,115)= 1.266, n.s.

2-WAY ANOVA repeated measures Dose effect F(4,88)=4.628, p<0.001
Dose*Genotype effect F(4,88)=2.298, p<0.05
No Genotype effect F(1,22)=1.029, n.s.

IR1 SERT +/+
SERT -/-

One-way ANOVA between genotype 
per dose

35.5±4.4
16.8±5.1

NA

45.3±4.47
17.3±5.19

NA

42.2±8.22
34.4±5.47

NA

49.8±10.64
34.1±8.11

NA

37.3±11.99
41.0±11.00

NA

NA

2-WAY ANOVA repeated measures No Dose effect F(4,88)=1.514, n.s.
No Dose*Genotype effect F(4,88)=1.291, n.s.
No Genotype effect F(1,22)=1.029, n.s.

A: significant difference compared to saline group, B: significant difference compared to 0.0025mg/kg 
group, C: significant difference compared to 0.01/mg/kg group; 

D: significant difference compared to 0.04/mg/kg group p values set at <0.05 (for specific p values go to 
results sections). *: significant difference between SERT+/+ and SERT-/- (p<0.05).
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Table 5: Effects of S15535 on Sexual Behavior of male SERT+/+ and SERT-/- Wistar rats of batch one. 
N=12/group 

Dose of S-15535 mg/kg 0 mg/kg 0.25 mg/kg 1 mg/kg .4 mg/kg One Way ANOVA
Dose effect

Parameters measured Mean ±SEM Mean ±SEM Mean ±SEM Mean ±SEM

# E SERT +/+
SERT -/-

One-way ANOVA between 
genotype per dose

3.2±0.39
1.1±0.32

*
F(1,22)=11.851, p<0.001

2.4±0.49
0.9±0.28

*
F(1,22)=6.776, p<0.001

2.9±0.45
1.0±0.32

*
F(1,22)=6.069, p<0.05

2.5±0.41
1.0±0.31

*
F(1,22)=11.380, p<0.001

NA

2-WAY ANOVA repeated 
measures

No Dose effect F(3,66)=0.616, n.s.
No Dose*Genotype effect F(4,3,66)=0.360, n.s.
Genotype effect F(1,22)=21.167, p<0.001

# M 1st series 
SERT +/+

SERT -/-

One-way ANOVA between 
genotype per dose

9.2±3.03
14.1±5.12

NA

9.6±4.05
19.0±3.99

NA

7.5±1.65
23.1±5.43

NA

17.4±5.86
15.1±3.92

NA NA

2-WAY ANOVA repeated 
measures

No Dose effect F(3,66)=0.439, n.s.
No Dose*Genotype effect F(3,66)=1.575, n.s.
No Genotype effect F(1,22)=4.45, n.s.

# I 1st series 
SERT +/+

SERT -/-

One-way ANOVA between 
genotype per dose

4.5±0.54
7.0±1.8

NA

4.5±0.73
7.9±1.20

NA

5.5±0.97
7.6±1.56

NA

5.9±1.14
7.0±1.24

NA NA

2-WAY ANOVA repeated 
measures

No Dose effect F(3,66)=0.827, n.s.
No Dose*Genotype effect F(3,66)=0.525, n.s.
Genotype effect F(1,22)=3.03, p<0.05

Latency 1st E (s) SERT +/+
SERT -/-

One-way ANOVA between 
genotype per dose

246.7±94.03
1122±185.5

*
F(1,22)=11.051, p<0.001

602.6±213.0
1243±172.5

*
F(1,22)=5.462, p<0.05

523.7±175.8
1288±148.1

*
F(1,22)=4.218, p<0.05

592.5±213.1
1153±170.3

*
F(1,22)=17.732, p<0.001

NA

2-WAY ANOVA repeated 
measures

No Dose effect F(3,66)=0.869, n.s.
No Dose*Genotype effect F(3,66)=0.346, n.s.
Genotype effect F(1,22)=25.627, p<0.001
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Table 5: Effects of S15535 on Sexual Behavior of male SERT+/+ and SERT-/- Wistar rats of batch one. 
N=12/group 

Dose of S-15535 mg/kg 0 mg/kg 0.25 mg/kg 1 mg/kg .4 mg/kg One Way ANOVA
Dose effect

Parameters measured Mean ±SEM Mean ±SEM Mean ±SEM Mean ±SEM

# E SERT +/+
SERT -/-

One-way ANOVA between 
genotype per dose

3.2±0.39
1.1±0.32

*
F(1,22)=11.851, p<0.001

2.4±0.49
0.9±0.28

*
F(1,22)=6.776, p<0.001

2.9±0.45
1.0±0.32

*
F(1,22)=6.069, p<0.05

2.5±0.41
1.0±0.31

*
F(1,22)=11.380, p<0.001

NA

2-WAY ANOVA repeated 
measures

No Dose effect F(3,66)=0.616, n.s.
No Dose*Genotype effect F(4,3,66)=0.360, n.s.
Genotype effect F(1,22)=21.167, p<0.001

# M 1st series 
SERT +/+

SERT -/-

One-way ANOVA between 
genotype per dose

9.2±3.03
14.1±5.12

NA

9.6±4.05
19.0±3.99

NA

7.5±1.65
23.1±5.43

NA

17.4±5.86
15.1±3.92

NA NA

2-WAY ANOVA repeated 
measures

No Dose effect F(3,66)=0.439, n.s.
No Dose*Genotype effect F(3,66)=1.575, n.s.
No Genotype effect F(1,22)=4.45, n.s.

# I 1st series 
SERT +/+

SERT -/-

One-way ANOVA between 
genotype per dose

4.5±0.54
7.0±1.8

NA

4.5±0.73
7.9±1.20

NA

5.5±0.97
7.6±1.56

NA

5.9±1.14
7.0±1.24

NA NA

2-WAY ANOVA repeated 
measures

No Dose effect F(3,66)=0.827, n.s.
No Dose*Genotype effect F(3,66)=0.525, n.s.
Genotype effect F(1,22)=3.03, p<0.05

Latency 1st E (s) SERT +/+
SERT -/-

One-way ANOVA between 
genotype per dose

246.7±94.03
1122±185.5

*
F(1,22)=11.051, p<0.001

602.6±213.0
1243±172.5

*
F(1,22)=5.462, p<0.05

523.7±175.8
1288±148.1

*
F(1,22)=4.218, p<0.05

592.5±213.1
1153±170.3

*
F(1,22)=17.732, p<0.001

NA

2-WAY ANOVA repeated 
measures

No Dose effect F(3,66)=0.869, n.s.
No Dose*Genotype effect F(3,66)=0.346, n.s.
Genotype effect F(1,22)=25.627, p<0.001
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Table 5: Continued

Dose of S-15535 mg/kg 0 mg/kg 0.25 mg/kg 1 mg/kg .4 mg/kg One Way ANOVA
Dose effect

Parameters measured Mean ±SEM Mean ±SEM Mean ±SEM Mean ±SEM

Latency 1st M (s) SERT +/+
SERT -/-

One-way ANOVA between 
genotype per dose

18.4±6.85
328.3±198.6

NA

73.5±38.28
192.3±147.0

NA

35.2±23.27
176.3±147.8

NA

11.2±3.13
99.5±55.39

NA NA

2-WAY ANOVA repeated 
measures

No Dose effect F(3,66)=0.982, n.s.
No Dose*Genotype effect F(3,66)=0.988, n.s.
No Genotype effect F(1,22)=1.864, n.s.

Latency 1st I (s) 
SERT +/+

SERT -/-

One-way ANOVA between 
genotype per dose

63.5±31.13
507.3±226.0

NA

254.2±153.3
278.8±155.2

NA

328.3±198.8
477.7±210.0

NA

33.1±8.30
280.6±147.4

NA NA

2-WAY ANOVA repeated 
measures

No Dose effect F(3,66)=1.308, n.s.
No Dose*Genotype effect F(3,66)=1.008, n.s.
No Genotype effect F(1,22)=1.674, n.s.

IR1 SERT +/+
SERT -/-

One-way ANOVA between 
genotype per dose

44.4±6.19
28.2±6.39

*
F(1,22)=3.440, p<0.05

38.7±5.20
30.6±5.16

ns

40.3±7.51
23.5±5.08

ns

44.2±8.0
31.6±6.3

*
F(1,22)=3.294, p<0.05

NA

2-WAY ANOVA repeated 
measures

No Dose effect F(3,66)=0.375, n.s.
No Dose*Genotype effect F(3,66)=0.228, n.s.
Genotype effect F(1,22)=6.648, p<0.05

*: significant difference between SERT+/+ and SERT-/- (p<0.05).
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Table 5: Continued

Dose of S-15535 mg/kg 0 mg/kg 0.25 mg/kg 1 mg/kg .4 mg/kg One Way ANOVA
Dose effect

Parameters measured Mean ±SEM Mean ±SEM Mean ±SEM Mean ±SEM

Latency 1st M (s) SERT +/+
SERT -/-

One-way ANOVA between 
genotype per dose

18.4±6.85
328.3±198.6

NA

73.5±38.28
192.3±147.0

NA

35.2±23.27
176.3±147.8

NA

11.2±3.13
99.5±55.39

NA NA

2-WAY ANOVA repeated 
measures

No Dose effect F(3,66)=0.982, n.s.
No Dose*Genotype effect F(3,66)=0.988, n.s.
No Genotype effect F(1,22)=1.864, n.s.

Latency 1st I (s) 
SERT +/+

SERT -/-

One-way ANOVA between 
genotype per dose

63.5±31.13
507.3±226.0

NA

254.2±153.3
278.8±155.2

NA

328.3±198.8
477.7±210.0

NA

33.1±8.30
280.6±147.4

NA NA

2-WAY ANOVA repeated 
measures

No Dose effect F(3,66)=1.308, n.s.
No Dose*Genotype effect F(3,66)=1.008, n.s.
No Genotype effect F(1,22)=1.674, n.s.

IR1 SERT +/+
SERT -/-

One-way ANOVA between 
genotype per dose

44.4±6.19
28.2±6.39

*
F(1,22)=3.440, p<0.05

38.7±5.20
30.6±5.16

ns

40.3±7.51
23.5±5.08

ns

44.2±8.0
31.6±6.3

*
F(1,22)=3.294, p<0.05

NA

2-WAY ANOVA repeated 
measures

No Dose effect F(3,66)=0.375, n.s.
No Dose*Genotype effect F(3,66)=0.228, n.s.
Genotype effect F(1,22)=6.648, p<0.05

*: significant difference between SERT+/+ and SERT-/- (p<0.05).
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Table 6: Effects of S15535 on Sexual Behavior of male SERT+/+ and SERT-/- Wistar rats of batch two. 
N=10 and N=11 respectively

Dose of S-15535 mg/kg 0 mg/kg
A

0.25 mg/kg
B

1 mg/kg
C

.4 mg/kg
D

One Way ANOVA
Dose effect

Parameters measured Mean ±SEM Mean ±SEM Mean ±SEM Mean ±SEM

# E SERT +/+
SERT -/-

One-way ANOVA between 
genotype per dose

0.70±0.39
0.54±0.24

NA

1.00±0.47
0.54±0.31

NA

0.90±0.31
0.90±0.25

NA

1.00±0.39
1.36±0.45

NA

NA

2-WAY ANOVA repeated 
measures

No Dose effect F(3,57)=0.582, n.s.
No Dose*Genotype effect F(3,57)=0.524, n.s.
No Genotype effect F(1,19)=0.031, n.s.

# M SERT +/+
SERT -/-

One-way ANOVA between 
genotype per dose

19.20±1.34
17.45±2.836

NA

10.70±3.11
14.18±2.67

NA

20.00±4.03
17.82±2.40

NA

12.20±3.60
12.18±3.43

A,C
NA F(3,80)=2.946, p<0.05

2-WAY ANOVA repeated 
measures

Dose effect F(3,57)=3.161, p<0.05
No Dose*Genotype effect F(3,57)=0.393, n.s.
No Genotype effect F(1,19)=0.002, n.s.

# I SERT +/+
SERT -/-

One-way ANOVA between 
genotype per dose

14.30±3.66
12.27±2.12

NA

7.70±2.20
8.36±2.05

NA

12.50±1.56
13.55±2.15

NA

8.70±3.01
11.64±4.04

NA NA

2-WAY ANOVA repeated 
measures

No Dose effect F(3,57)=1.751, n.s.
No Dose*Genotype effect F(3,57)=0.293, n.s.
No Genotype effect F(1,19)=0.101, n.s.

Latency 1st E (s) SERT +/+
SERT -/-

One-way ANOVA between 
genotype per dose

1458±171.3
1490±140.6

NA

1324±203.9
1440±189.6

NA

1324±168.4
1256±149.6

NA

1254±192.8
1194±196

NA NA

2-WAY ANOVA repeated 
measures

No Dose effect F(3,57)=2.049, n.s.
No Dose*Genotype effect F(3,57)=0.436, n.s.
No Genotype effect F(1,19)=0.011, n.s.

Latency 1st M (s) SERT +/+
SERT -/-

One-way ANOVA between 
genotype per dose

52.00±15.96
48.16±11.60

NA

209.5±176.8
98.48±52.75

NA

56.67±26.87
24.32±5.28

NA

218.2±176.5
77.22±41.22

NA NA
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Table 6: Effects of S15535 on Sexual Behavior of male SERT+/+ and SERT-/- Wistar rats of batch two. 
N=10 and N=11 respectively

Dose of S-15535 mg/kg 0 mg/kg
A

0.25 mg/kg
B

1 mg/kg
C

.4 mg/kg
D

One Way ANOVA
Dose effect

Parameters measured Mean ±SEM Mean ±SEM Mean ±SEM Mean ±SEM

# E SERT +/+
SERT -/-

One-way ANOVA between 
genotype per dose

0.70±0.39
0.54±0.24

NA

1.00±0.47
0.54±0.31

NA

0.90±0.31
0.90±0.25

NA

1.00±0.39
1.36±0.45

NA

NA

2-WAY ANOVA repeated 
measures

No Dose effect F(3,57)=0.582, n.s.
No Dose*Genotype effect F(3,57)=0.524, n.s.
No Genotype effect F(1,19)=0.031, n.s.

# M SERT +/+
SERT -/-

One-way ANOVA between 
genotype per dose

19.20±1.34
17.45±2.836

NA

10.70±3.11
14.18±2.67

NA

20.00±4.03
17.82±2.40

NA

12.20±3.60
12.18±3.43

A,C
NA F(3,80)=2.946, p<0.05

2-WAY ANOVA repeated 
measures

Dose effect F(3,57)=3.161, p<0.05
No Dose*Genotype effect F(3,57)=0.393, n.s.
No Genotype effect F(1,19)=0.002, n.s.

# I SERT +/+
SERT -/-

One-way ANOVA between 
genotype per dose

14.30±3.66
12.27±2.12

NA

7.70±2.20
8.36±2.05

NA

12.50±1.56
13.55±2.15

NA

8.70±3.01
11.64±4.04

NA NA

2-WAY ANOVA repeated 
measures

No Dose effect F(3,57)=1.751, n.s.
No Dose*Genotype effect F(3,57)=0.293, n.s.
No Genotype effect F(1,19)=0.101, n.s.

Latency 1st E (s) SERT +/+
SERT -/-

One-way ANOVA between 
genotype per dose

1458±171.3
1490±140.6

NA

1324±203.9
1440±189.6

NA

1324±168.4
1256±149.6

NA

1254±192.8
1194±196

NA NA

2-WAY ANOVA repeated 
measures

No Dose effect F(3,57)=2.049, n.s.
No Dose*Genotype effect F(3,57)=0.436, n.s.
No Genotype effect F(1,19)=0.011, n.s.

Latency 1st M (s) SERT +/+
SERT -/-

One-way ANOVA between 
genotype per dose

52.00±15.96
48.16±11.60

NA

209.5±176.8
98.48±52.75

NA

56.67±26.87
24.32±5.28

NA

218.2±176.5
77.22±41.22

NA NA
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Table 6: Continued

Dose of S-15535 mg/kg 0 mg/kg
A

0.25 mg/kg
B

1 mg/kg
C

.4 mg/kg
D

One Way ANOVA
Dose effect

Parameters measured Mean ±SEM Mean ±SEM Mean ±SEM Mean ±SEM

2-WAY ANOVA repeated 
measures

No Dose effect F(3,57)=1.266, n.s.
No Dose*Genotype effect F(3,57)=1.373, n.s.
No Genotype effect F(1,19)=0.653, n.s

Latency 1st I (s) 
SERT +/+

SERT -/-

One-way ANOVA between 
genotype per dose

256.0±86.47
82.19±10.46

*
F(1,19)=4.391, p<0.05

530.8±221.5
567.9±240.0

ns

77.90±31.63
97.57±52.92

ns

517.3±223.0
537.6±244.7

ns

NA

2-WAY ANOVA repeated 
measures

No Dose effect F(3,57)=1.266, n.s.
No Dose*Genotype effect F(3,57)=1.373, n.s.
Genotype effect F(1,19)=6.499, p<0.05

IR1 SERT +/+
SERT -/-

One-way ANOVA between 
genotype per dose

322.1±27.51
316.8±12.66

NA

367.7±32.40
354.3±18.20

NA

401.3±13.31
461.5±93.61

NA

357.0±15.43
375.6±35.51

NA

NA

2-WAY ANOVA repeated 
measures

No Dose effect F(3,57)=1.197, n.s.
No Dose*Genotype effect F(3,57)=0.564, n.s.
No Genotype effect F(1,19)=0.011, n.s

A: significant difference compared to saline group, C: significant difference compared to 1/mg/kg group; 
p values set at <0.05 (for specific p values go to results sections). *: significant difference between SERT+/+ 

and SERT-/- (p<0.05). 
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Table 6: Continued

Dose of S-15535 mg/kg 0 mg/kg
A

0.25 mg/kg
B

1 mg/kg
C

.4 mg/kg
D

One Way ANOVA
Dose effect

Parameters measured Mean ±SEM Mean ±SEM Mean ±SEM Mean ±SEM

2-WAY ANOVA repeated 
measures

No Dose effect F(3,57)=1.266, n.s.
No Dose*Genotype effect F(3,57)=1.373, n.s.
No Genotype effect F(1,19)=0.653, n.s

Latency 1st I (s) 
SERT +/+

SERT -/-

One-way ANOVA between 
genotype per dose

256.0±86.47
82.19±10.46

*
F(1,19)=4.391, p<0.05

530.8±221.5
567.9±240.0

ns

77.90±31.63
97.57±52.92

ns

517.3±223.0
537.6±244.7

ns

NA

2-WAY ANOVA repeated 
measures

No Dose effect F(3,57)=1.266, n.s.
No Dose*Genotype effect F(3,57)=1.373, n.s.
Genotype effect F(1,19)=6.499, p<0.05

IR1 SERT +/+
SERT -/-

One-way ANOVA between 
genotype per dose

322.1±27.51
316.8±12.66

NA

367.7±32.40
354.3±18.20

NA

401.3±13.31
461.5±93.61

NA

357.0±15.43
375.6±35.51

NA

NA

2-WAY ANOVA repeated 
measures

No Dose effect F(3,57)=1.197, n.s.
No Dose*Genotype effect F(3,57)=0.564, n.s.
No Genotype effect F(1,19)=0.011, n.s

A: significant difference compared to saline group, C: significant difference compared to 1/mg/kg group; 
p values set at <0.05 (for specific p values go to results sections). *: significant difference between SERT+/+ 

and SERT-/- (p<0.05). 
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Supplementary figure

Fitted curve plot for SERT+/+ (A) and SERT-/- rats (B). Data were normalized against the saline treatment 
and ED50 was calculated. 
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General Discussion
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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). 



General discussion   |   189

7

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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English Summary

Background
Male sexual function has been a topic of interest for the scientific community for the 
last decades. Special attention has been focused on dysfunctions like premature (PE) 
and delayed ejaculation (DE) in men, which affect a considerable portion of the male 
world population. Although these conditions are not life threatening, they significantly 
may affect emotionally and interpersonally the relationships of inflicted men. In general, 
an important factor for the diagnosis of these dysfunctions is that they generally lead 
to sexual dissatisfaction of the partner and have a very negative impact on the couple. 
The origins of sexual dysfunctions are motive of controversy as they can be a result of 
several psychosocial, biological and genetic factors that may emotionally condition a 
person to have elevated anxiety levels before or during the sexual encounter, resulting in 
unsuccessful performance. One of the main side effects of selective serotonin transporter 
inhibitors (SSRIs), which are the first-line treatment for major depression, is a delay in 
ejaculation. SSRIs are therefore used as treatment for a sexual dysfunction like premature 
ejaculation. Although these drugs can improve the sexual performance of a certain 
percentage of men with PE, a large number of them relapses as chronic use of these drugs 
for PE treatment in the long run nay adversely affect ejaculatory and sexual behavior, 
causing chronic SSRI sexual dysfunction. 

On the other hand, delayed ejaculation (DE) is a sexual dysfunction that although is less 
prevalent than PE, still affects a good number of individuals and so far, its etiology and 
mechanisms are not well known. The 5-HT1A receptor has been attributed an important 
role in male sexual behavior as stimulation of this receptor by various 5-HT1A-receptor 
agonists induce pro-sexual effects in rats. 5-HT1A-receptor agonists like 8-OH-DPAT, but 
also others, have shown to decrease the latency to the first ejaculation and decrease the 
number of mounts and intromissions to reach ejaculation in rats. These 5-HT1A receptor 
agonists already known are not allowed for human usage, meaning we are in search 
for new 5-HT1A receptor agonist to treat DE. The pro-sexual effect on sexual behavior 
caused by 5-HT1A receptor-agonists can be blocked by 5-HT1A-receptor antagonists (e.g. 
WAY100,635), which on its own have no intrinsic activity. Under basal conditions 5-HT1A 
receptors may not play a crucial role in sexual behavior, but they become relevant 
when they are either activated by 5-HT1A-receptor agonists or under conditions of high 
extracellular 5-HT levels, e.g. induced by SSRIs.

The lack of effectiveness of the current available treatments for sexual disorders indicates 
that pharmacological and psychosocial-etiological models available at the moment are 
not sufficient to understand sexual (dys)function.
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Research question
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 
SERT in sexual performance by using the SERT knockout rat. A genetic 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-/- rats. 
And lastly 4) evaluated the role of pre and post-synaptic 5-HT1A receptor biased agonists 
in the expression of sexual function. 

Animal models of sexual dysfunction
The choice of animal models becomes critical when translating scientific knowledge 
of the human condition. Most of the current understanding about sexual function and 
ejaculatory function is the result of numerous studies in animal models, particularly 
the Rattus Norvegicus Albinus species. Sexual function, more particularly ejaculation 
latency, has been widely studied by previous research groups that developed behavioral 
rat model to study premature and delayed ejaculation. 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. The serotonin transporter knockout rat model 
(SERT-/-) has been previously characterized and the functional consequences in the 
serotonergic system disturbances on behavioral paradigms have been described. SERT-

/- animals have a chronic “natural” exposure to extremely high levels of extracellular 
serotonin in the brain, which makes these animals a good candidate of a model that 
resembles chronic administration of SSRIs in humans. The SERT-/- rat model can also be 
of value to test new antidepressant drugs that possess SSRI properties and additional 
serotonergic targets, to understand their effects and mechanism of action beyond the 
SSRI properties in sexual behavior.

Chapter 2
The first set of experiments (chapter 2) was dedicated to find possible new brain structures 
that are related to the expression of sexual function. We showed that the anatomical and 
functional representation of the external genital organs in the primary somatosensory 
cortex (S1) of the male rat varied according to the latency of ejaculation of male rats. 
Animals considered normal and rapid ejaculators have larger cortical representations 
of the genitals in S1, and those considered slow ejaculators, non-ejaculators or non-
copulators have a smaller representation of the genitals in S1. These results support 
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the idea that differences in the expression of copulatory behavior are also regulated by 
morpho-functional differences in sensory pathways. The expression of 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. Therefore, it is important to incorporate this concept for understanding 
the differences in the expression of sexual function. 

Chapter 3
Because it is of high importance to have proper animal models to study sexual behavior 
and the mechanisms related to it, in chapter 3, we collected all basal sexual behavioral 
data produced during the training sessions of our experimental work for this thesis. We 
tested a large number of rats with genetically modified serotonin transporters (SERTs) 
and compared them to wildtype rats. Even though it has been previously reported that 
SERT-/- animals have a different sexual level than SERT+/+ or SERT+/-, we described in 
further detail the differences in sexual performance of animals partially (SERT+/-) or fully 
(SERT-/-) lacking SERT. We showed that the difference in sexual function between animals 
with full availability (100%) of the transporter and those without it (0%) are already 
detected in the second week (of sexual behavior training), in male rats sexually trained. 
SERT-/- rats displayed reduced number of ejaculations compared with SERT+/- and SERT+/+ 
rats. Although it was previously shown that at the molecular and neurochemical level, 
these genetically modified animals are different from SERT+/+ rats, all our results in all 
experiments show no difference between SERT+/- rats (50% availability of the transporters) 
and SERT+/+ rats. This suggests that there is no linear relationship between the number 
of SERT and the level of male sexual behavior, apparently 50% transporters still suffices 
to perform wildtype-like sexual behavior. We therefore used the SERT-/- rat as animal 
model for most of our pharmacological experiments and compared them with wildtype 
animals which display normal or high basal sexual function. Moreover, we searched for 
new pharmacological therapies against premature ejaculation and used animals with 
a genetically modified serotonin transporter, to gain further understanding of possible 
mechanisms of action of these drugs.

Chapter 4
As previously mentioned, the most successful treatments for PE are SSRIs which block 
the SERT thereby influencing extracellular 5-HT levels which act on various serotonin 
receptors. SSRI treatment for PE is cumbersome. It needs chronic treatment and is 
associated with (daily) unwanted side effects. Moreover, except for dapoxetine, SSRIs 
are prescribed off-label for PE, which actually is an unwanted situation. Therefore, the 
search of on-demand treatments has become of high importance. In chapter 4, we 
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tested the effects of tramadol (a μ-opioid receptor agonist and SSRI/NRI, used more 
commonly as painkiller) on wildtype animals, as an acute on demand treatment of 
premature ejaculation. We found that in high doses, tramadol can strongly and acutely 
inhibit sexual behavior. When we combined it with naloxone (a μ-opioid receptor 
antagonist), it had some minor but significant antagonizing effects on the inhibitory 
effects the highest dose of tramadol. These data suggested that the μ-opioid receptor 
may play a minor role in the inhibition of sexual behavior caused by tramadol, and 
that the remaining inhibitory effects might be due to stronger SSRI effects at the 
highest dose. Even though we were able to establish that its prevalent mechanism of 
action in correcting sexual dysfunction is due mainly to its SSRIs properties, the data 
collected in this study suggested that the μ-opioid component in tramadol might be 
contributing to its inhibitory effect over sexual behavior, so therefore testing tramadol 
on sexual behavior in SERT-knockout rats would help us determine whether the opioid 
agonistic activity in tramadol exerts sexual inhibitory effects in the absence of the 
SERT-inhibiting effects of tramadol. 

Chapter 5
In chapter 5, we performed a set of experiments on SERT knockout rats that confirmed 
that tramadol’s acute main effect on sexual function is related to its SSRI properties and 
very little or not at all to its μ-opioid receptor agonistic or even to its norepinephrine 
transporter antagonistic properties. This experiment was designed to help us determine 
whether the opioid agonistic activity in tramadol exerts sexual inhibitory effects in the 
absence of the SERT, a characteristic that the SERT-/- rat model brings along. We tested 
this drug in SERT+/+, SERT+/- and SERT-/- rats. Like in chapter 4, we found that the high 
doses of tramadol have an acute inhibitory effect on sexual behavior. However, the 
decrease of sexual function was present in all 3 genotypes. We administered naloxone 
(as in chapter 4) and WAY100,635 (a 5-HT1A receptor antagonist) to antagonize the 
μ-opioid receptor antagonist property of the compound and to block the 5-HT1A receptor 
activity, respectively. When an intermediate dose of tramadol was administered along 
with WAY100,625 the sexual function was inhibited (as expected when you link an 
SSRI and a 5-HT1A receptor antagonist). When combined with naloxone, it was not 
possible to fully antagonize tramadol’s inhibitory effects, in all the genotypes. The fact 
that even using animals without SERT, tramadol can induce its inhibitory effect on 
sexual behavior and that naloxone cannot fully antagonize tramadol, suggests that 
the sensitivity of the μ-opioid system in the brain of SERT-/- rats is not different due 
to the absence of SERT and 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. 
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Chapter 6
During our studies, the role of 5-HT1A receptors in the regulation of male sexual behavior has 
been a topic of interest, because their stimulation by 5-HT1A-receptor agonists possess pro-
sexual effects in rats. In chapter 6 we investigated and tried to gain more understanding 
about the role of 5-HT1A receptors by using two different biased 5-HT1A receptor agonists in 
SERT+/+ and SERT-/- animals. Stimulation of the 5-HT1A receptor enhances sexual activity, 
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 and the heteroreceptor-selective 5-HT1A receptor 
agonist F15599, and tested them in both SERT+/+ and SERT-/- rats. Somewhat surprising, 
both compounds induced pro-sexual activity in SERT+/+ and 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, meaning that the 5-HT1A auto-receptor is less sensitive in SERT-

/- rats. 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. Unfortunately, these studies have not 
brought new evidence for pre- or postsynaptic mechanisms in the pro-sexual effects of 
5-HT1A receptor agonists.

Conclusions
Lastly, in chapter 7 all our findings (from chapter 2 to 6) are summarized and discussed in 
further detail, acknowledging the importance of pharmacological treatments to improve 
control on ejaculation. 

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. The 
area activated in the S1 by stimulation of the external genitals is correlated to the latency 
of ejaculation. Thus, rats with short or intermediate ejaculatory latencies have a larger 
genital presentation in S1 compared with rats that have a long ejaculation latency. This is 
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. Especially to be taken into account and used in possible new 
development of behavioral therapies that involve sensory information to treat premature 
and delayed ejaculation.



220   |   Appendix

The animal model proposed and studied to examine chronic SSRIs exposure effects on 
sexual behavior has been further validated. 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 more 
studies to develop a drug that can be prescribed as an on-demand treatment for premature 
ejaculation. Even tough tramadol might have the potential as an on-demand PE drug, 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.  
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Nederlandse samenvatting

Achtergrond
Mannelijke seksuele disfunctie wordt al een aantal decennia onderzocht. Bijzondere 
aandacht gaat uit naar problemen met ejaculatie zoals vroegtijdige ejaculatie 
(premature ejaculatie, afgekort als PE) en vertraagde ejaculatie (delayed ejaculatie 
afgekort als DE). Ejaculatiestoornissen komen veel voor en kunnen verschillende 
oorzaken hebben. Hoewel er in het algemeen geen sprake is van levensbedreigende 
situaties, kunnen zulke stoornissen het nodige teweegbrengen bij mannen en hun 
partners op emotioneel en relationeel vlak. Over de oorzaak van seksuele stoornissen 
bestaat nog veel onduidelijkheid. Een “niet-succesvolle” ejaculatie kan veroorzaakt 
worden door een reeks psychosociale, biologische en genetische factoren die tot 
verhoogde angstgevoelens kunnen leiden voor of tijdens een seksuele activiteit. Eén 
van de voornaamste bijwerkingen van selectieve serotonine opname remmers (selective 
serotonin reuptake inhibitors-SSRI’s), geneesmiddelen die met voorkeur worden gebruikt 
bij depressieve stoornissen, is vertraging van de ejaculatie. SSRI’s zijn daardoor uiterst 
behulpzaam bij het behandelen van PE. Alhoewel een groot deel van de mannen met PE 
beter seksueel presteert na het gebruik van SSRI’s, zal een aantal van hen na verloop van 
tijd stoppen omdat bij langdurig chronisch gebruik, SSRI’s de ejaculatie en het seksuele 
gedrag negatief beïnvloeden.

Vertraagde ejaculatie (DE) komt minder vaak voor dan PE, maar treft desondanks 
een groot aantal individuen. De etiologie van en het mechanisme achter PE zijn 
nog grotendeels onbekend. Een belangrijke rol in mannelijk seksueel gedrag wordt 
toegeschreven aan een van de serotonine (5-HT) receptoren, de 5-HT1A-receptor. 
Stimulatie van deze receptor door een 5-HT1A-receptor agonist kan seksueel stimulerende, 
oftewel pro-seksuele effecten bij ratten induceren. 5-HT1A receptor agonisten zoals 
8-OH-DPAT verminderen de tijd tot de eerste ejaculatie. Tevens neemt het aantal 
mounts en intromissies af om een ejaculatie te bereiken. De gebruikte 5-HT1A-receptor 
agonisten in ratten zijn helaas niet geschikt voor humaan gebruik. Het vinden en 
onderzoeken van nieuwe en effectieve 5-HT1A receptor agonisten die wel geschikt zijn 
om DE in mensen te behandelen is daarom van essentieel belang. De pro-seksuele 
effecten veroorzaakt door 5-HT1A-receptor agonisten kunnen worden geblokkeerd door 
5-HT1A-receptor antagonisten (bijvoorbeeld WAY100,635), stoffen die op zichzelf geen 
intrinsieke activiteit hebben. Onder basale omstandigheden spelen 5-HT1A-receptoren 
mogelijk geen cruciale rol in seksueel gedrag, maar ze worden relevant wanneer ze ofwel 
worden geactiveerd door 5-HT1A-receptor agonisten of wanneer er hoge extracellulaire 
5-HT-niveaus aanwezig zijn, b.v. door het gebruik van SSRI’s.
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Het gebrek aan effectieve beschikbare behandelingen voor seksuele stoornissen geeft 
aan dat de farmacologische en psychosociaal-etiologische modellen die momenteel 
beschikbaar zijn op dit moment, niet afdoende zijn om seksueel (dis)functioneren te 
begrijpen.

Onderzoeksvraag
Het algemene doel van dit proefschrift is om verdere mechanismen te onderzoeken 
die betrokken zijn bij de totstandkoming van seksuele stoornissen gerelateerd aan 
de ejaculatie. Concreet hebben we 1) onderzocht of de grootte van het gebied dat in 
de somatosensorische cortex geactiveerd wordt gecorreleerd kan worden aan het 
copulatiegedrag. 2) de rol van de serotonine transporter (SERT) in seksueel gedrag 
onderzocht met behulp van de SERT knock-out rat (een genetisch gemodificeerd dier 
dat model staat voor SSRI-geïnduceerde seksuele disfunctie bij mensen) 3) het on-demand 
effect van tramadol in wildtype Wistar-ratten en in SERT+/+, SERT+/- en SERT-/- ratten 
onderzocht, en tot slot hebben we 4) de rol van pre- en postsynaptische 5-HT1A-receptor 
agonisten (zgn. ‘biased’ agonisten) in seksueel gedrag onderzocht.

Diermodel voor seksuele stoornissen
De keuze van een diermodel is cruciaal voor de translatie van wetenschappelijke kennis 
naar de mens. Het grootste deel van onze kennis over het seksueel functioneren en 
ejaculatiestoornissen, is verkregen door onderzoek dat gebruik maakt van diermodellen. 
Het dier dat in het bijzonder wordt gebruikt is de rat (Rattus Norvegicus Albinus). Het 
seksueel functioneren en in het bijzonder de latentietijd tot ejaculatie, zijn uitgebreid 
eerder bestudeerd met behulp van een rattenmodel voor vroegtijdige en vertraagde 
ejaculaties. De rat is het best begrepen diermodel met betrekking tot de seksuele en 
reproductie fysiologie. Bovendien tonen mannelijke ratten een stabiel seksueel fenotype 
nadat ze een aantal (4-6) trainingssessies achter de rug hebben. Ratten kunnen in 
verschillende fenotypes voor copulatiegedrag ingedeeld worden, inclusief fenotypes 
gebaseerd op het aantal ejaculaties per gedragstest.

De functionele consequenties van een verstoord serotonine systeem op seksueel 
gedrag zijn in kaart gebracht voor de serotonin transporter knockout rat (SERT-/-). SERT-/- 
dieren worden vanaf de vroege ontwikkeling chronisch blootgesteld aan extreem hoge 
extracellulaire serotonine niveaus in het brein, waardoor ze een grote gelijkenis vertonen 
met ratten en mensen die chronisch behandeld zijn met SSRIs. De SERT-/- rat is tevens 
van belang voor het testen van nieuw ontwikkelde antidepressiva met een SSRI-profiel 
en additionele serotonerge of andere eigenschappen. Zodoende kan men het effect van 
de additionele eigenschappen onderzoeken, zonder interferentie van het effect van SSRI’s 
(deze werkt immers niet bij de SERT-/-rat), om zo het seksuele gedrag beter te begrijpen.
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Hoofdstuk 2
De eerste reeks experimenten (hoofdstuk 2) waren gericht op het vinden van mogelijk 
nieuwe hersenstructuren die gerelateerd kunnen worden aan seksuele prestaties. We 
hebben laten zien dat de anatomische en functionele representatie van de uitwendige 
geslachtsorganen in de primaire somatosensorische cortex (S1) van mannelijke ratten 
verschilden al naar gelang de latentietijd tot de ejaculatie. Dieren die normaal en snel 
ejaculeren hebben een grotere corticale representatie van de geslachtsorganen in S1. Ratten 
die niet of langzaam ejaculeren, of helemaal geen copulatie gedrag laten zien, hebben een 
kleinere representatie van de geslachtsorganen in S1. Deze resultaten ondersteunen het 
idee dat verschillen in de expressie van copulatiegedrag ook gereguleerd worden door 
morfo-functionele verschillen in sensorische routes. Seksuele prestaties hangen dus niet 
alleen af van de traditioneel bestudeerde acties van neurale structuren die betrokken 
zijn bij motivatie en implementatie van seksueel en reproductief gedrag, maar hangen 
ook af van de neurale structuren verantwoordelijk voor het verwerken van sensorische 
informatie. Het is daarom belangrijk om dit concept mee te nemen om de verschillen in 
het seksueel functioneren te begrijpen.

Hoofdstuk 3
Omdat het van groot belang is om goede diermodellen te hebben om seksueel gedrag en 
de eraan verbonden mechanismen te bestuderen, hebben we in hoofdstuk 3 alle basale 
seksuele gedragsgegevens verzameld die tijdens de trainingssessies van ons experimentele 
werk voor dit proefschrift zijn geproduceerd. We testten een groot aantal ratten met 
genetisch gemodificeerde serotonine transporters (SERT’s) en hebben deze vergeleken 
met wildtype ratten. Hoewel eerder is aangetoond dat SERT-/- dieren een ander seksueel 
gedragspatroon laten zien dan SERT+/+ of SERT+/- dieren, hebben we de verschillen in het 
seksuele gedrag van dieren met gedeeltelijke (SERT+/-) of volledig ontbrekende (SERT-

/-) SERT nader onderzocht. We laten in hoofdstuk 3 zien dat het verschil in het aantal 
ejaculaties tussen dieren met volledige beschikbaarheid (100%) van de transporter en 
diegenen zonder (0%) al zichtbaar is vanaf de tweede week van seksuele gedragstraining. 
SERT-/- ratten vertoonden een significant verminderd aantal ejaculaties in vergelijking 
met SERT+/- en SERT+/+ ratten. Hoewel eerder werd aangetoond dat deze genetisch 
gemodificeerde dieren op moleculair en neurochemisch niveau verschillen van SERT+/+ 
ratten, laten al onze resultaten bij alle experimenten geen verschil zien tussen SERT+/- 
ratten (50% beschikbaarheid van de transporters) en SERT+/+ ratten. Dit suggereert dat 
er geen lineair verband is tussen het aantal SERTs en het niveau van mannelijk seksueel 
gedrag, blijkbaar is het hebben van 50% van de transporters nog steeds voldoende om 
wildtype-achtig seksueel gedrag uit te voeren. Daarom gebruikten we de SERT-/- rat als 
diermodel voor de meeste van onze farmacologische experimenten en vergeleken ze met 
wildtype dieren die normale of hoge basale seksuele functie vertonen. Bovendien hebben 
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we gezocht naar nieuwe farmacologische therapieën tegen vroegtijdige ejaculatie. Daarbij 
gebruikten we dieren met een genetisch gemodificeerde serotoninetransporter om meer 
inzicht te krijgen in mogelijke werkingsmechanismen van deze geneesmiddelen.

Hoofdstuk 4
Zoals eerdergenoemd, zijn SSRI’s het meest succesvol in de behandeling van PE. SSRI’s 
blokkeren de SERT en verhogen daarmee de extracellulaire niveaus van 5-HT. Verhoogde 
5-HT niveaus beïnvloeden vervolgens de activiteit van verschillende serotoninereceptoren. 
SSRI-behandeling voor PE is omslachtig omdat chronische behandeling nodig is wat vaak 
gepaard gaat met (dagelijkse) ongewenste bijwerkingen. Bovendien worden SSRI’s off-
label voorgeschreven voor PE, met uitzondering van dapoxetine, hetgeen een ongewenste 
situatie is. Daarom is het vinden van on-demand-behandelingen van groot belang. In 
hoofdstuk 4 hebben we de effecten van tramadol (een μ-opioïde receptoragonist en 
SSRI/NRI, vaak gebruikt als pijnstiller) als een acute on-demand behandeling van 
voortijdige ejaculatie getest op wildtype dieren. We hebben vastgesteld dat tramadol in 
hoge doseringen sterk en acuut het seksueel gedrag kan remmen. Wanneer we tramadol 
combineerden met naloxon (een μ-opioïde receptorantagonist), zagen we een minimaal, 
maar significant, antagonistisch effect op de remmende effecten van de hoogste dosering 
tramadol. Deze gegevens suggereren dat de μ-opioïde receptor mogelijk een kleine rol 
speelt in de remmende werking van tramadol op het seksuele gedrag. De resterende 
remmende effecten zijn waarschijnlijk te wijten aan de SSRI-effecten die sterker lijken 
bij de hoogste dosering dan die van naloxon. Hoewel we in staat waren om vast te stellen 
dat het werkingsmechanisme van SSRIs waarschijnlijk het meest belangrijk is bij het 
corrigeren van seksuele stoornis, suggereren de in dit onderzoek verzamelde gegevens dat 
de μ-opioïde component in tramadol mogelijk bijdraagt aan het remmende effect ervan 
op seksueel gedrag. Daarom zou het testen van tramadol op seksueel gedrag in SERT-
knock-out ratten ons kunnen helpen te bepalen of de opioïde agonistische activiteit in 
tramadol de seksuele remmende effecten van tramadol bewerkstelligt.

Hoofdstuk 5
In hoofdstuk 5 hebben we een reeks experimenten uitgevoerd met SERT knock-out ratten. 
De uitslagen van deze experimenten bevestigen dat het acute hoofdeffect van tramadol op 
de seksuele functie gerelateerd is aan de SSRI-eigenschappen en zeer minimaal, tot helemaal 
niet, aan de agonistische μ-opioïde receptor activiteit of antagonistische noradrenaline-
transporter activiteit. Dit experiment was opgezet om te ontrafelen of de opioïde 
agonistische activiteit in tramadol seksuele remmende effecten uitoefent in afwezigheid 
van de SERT, waarvoor we het SERT-/- ratmodel gebruikten. We testten tramadol in SERT+/+, 
SERT+/- en SERT-/- ratten. Zoals in hoofdstuk 4 al was geconstateerd, vonden we wederom 
dat tramadol in hoge dosering een acuut remmend effect heeft op seksueel gedrag, maar 
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bleek ook dat de afname van de seksuele activiteit in alle drie genotypen aanwezig was. 
We hebben naloxon (zoals in hoofdstuk 4) en WAY100,635 (een 5-HT1A-receptorantagonist) 
toegediend om de μ- opioïde receptor en de 5-HT1A-receptoractiviteit respectievelijk te 
antagoniseren. Wanneer een intermediaire dosis tramadol werd toegediend samen met 
WAY100,625, werd de seksuele functie geremd (zoals verwacht wanneer men een SSRI en een 
5-HT1A-receptorantagonist koppelt). Wanneer tramadol in combinatie met naloxon gegeven 
werd, was het niet mogelijk om in alle genotypen de remmende effecten van tramadol 
volledig te blokkeren. Het feit dat tramadol in dieren zonder SERT het remmende effect op 
seksueel gedrag kan induceren en dat naloxon tramadol niet volledig kan antagoniseren, 
suggereert dat de gevoeligheid van het μ-opioïdensysteem in de hersenen van SERT-/- ratten 
niet veranderd is als gevolg van de afwezigheid van SERT en dat er andere eigenschappen 
van tramadol zijn die een belangrijkere bijdrage leveren aan de remmende effecten op 
mannelijke seksuele prestaties dan het opioïde systeem.

Hoofdstuk 6
Tijdens ons onderzoek is de rol van 5-HT1A-receptoren in de regulatie van mannelijk 
seksueel gedrag een aandachtspunt geweest, aangezien hun stimulatie door 5-HT1A-
receptoragonisten pro-seksuele effecten heeft bij ratten. In hoofdstuk 6 hebben we 
onderzocht en geprobeerd meer inzicht te krijgen in de rol van 5-HT1A-receptoren door twee 
verschillende biased 5-HT1A receptor agonisten te gebruiken in SERT+/+ en SERT-/- dieren. 
Stimulatie van de 5-HT1A-receptor verhoogt de seksuele activiteit en in dit hoofdstuk 
hebben we ons gericht op dieren die tijdens hun trainingssessies een relatief laag seksueel 
niveau hebben laten zien, zodat we konden evalueren of de geselecteerde drugs een pro-
seksueel effect hebben. Vervolgens gebruikten we twee biased 5-HT1A-receptoragonisten, 
de autoreceptor-selectieve 5-HT1A-receptoragonist F13714 en de heteroreceptor-selectieve 
5-HT1A receptoragonist F15599 en testten we deze in zowel SERT+/+ als SERT-/- ratten. Tegen 
onze verwachting in induceerden beide agonisten pro-seksuele activiteit in SERT+/+ en 
SERT-/- ratten. De dosis-responscurve voor het pro-seksuele effect van F13714 in SERT-/- 
ratten was naar rechts verschoven in vergelijking met SERT+/+ ratten, hetgeen betekent 
dat de 5-HT1A auto-receptor minder gevoelig is in SERT-/- ratten. Tot nu toe bestaan er 
geen studies die de selectieve bijdragen van 5-HT1A-auto-receptoren of heteroreceptoren 
(of beide) in seksueel gedrag evalueren. Naast F13714 en F15599 hebben we een derde 
5-HT1A receptor agonist onderzocht. S15535 is een autoreceptor-selectieve 5-HT1A-receptor 
agonist en een antagonist voor de heteroreceptor-selectieve 5-HT1A-receptor. S155355 had 
geen effect op de seksuele prestaties van de SERT+/+ en SERT-/- ratten. We concluderen 
dat deze specifieke stof zich voornamelijk als een ‘stille’ 5-HT1A-receptorligand gedraagt 
in seksueel gedrag van mannelijke ratten. Helaas hebben deze onderzoeken geen nieuw 
bewijsmateriaal opgeleverd voor de rol van pre- of postsynaptische mechanismen in de 
pro-seksuele effecten van 5-HT1A-receptoragonisten.
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Conclusies
Ten slotte worden in hoofdstuk 7 al onze bevindingen (van hoofdstuk 2 tot 6) in detail 
samengevat en bediscussieerd en het belang van farmacologische behandelingen om de 
controle op de ejaculatie te verbeteren wordt weergegeven. Concluderend vonden we 
dat er een anatomische en functionele weergave is van de uitwendige geslachtsorganen 
in de primaire somatosensorische cortex (S1) van de mannelijke rat. Het functionele 
activeringsgebied van de uitwendige geslachtsdelen van S1 varieerde volgens de 
latentietijd tot de ejaculatie. Deze is hoger bij ratten met korte of middellange latenties 
vergeleken met ratten met een lange latentietijd.

Dit is waardevolle informatie bij het begrijpen van de verschillen in seksuele prestaties en 
de mogelijke betrokkenheid bij de ontwikkeling of het optreden van seksuele stoornissen. 
Deze kennis dient vooral in acht te worden genomen bij mogelijk nieuwe ontwikkelingen 
van gedragstherapieën waarbij sensorische informatie wordt gebruikt om voortijdige 
en vertraagde ejaculatie te behandelen. Het diermodel dat is voorgesteld en onderzocht 
om chronische blootstellingseffecten van SSRI’s op seksueel gedrag te onderzoeken, is 
verder gevalideerd. SERT-/- mannelijke ratten hebben een zeer goed gedefinieerd en stabiel 
seksueel patroon dat ons in staat stelt de effecten van levenslange blootstelling aan 
extracellulair 5-HT-niveau van de hersenen op seksueel gedrag te bestuderen. Uit de 
verschillende bestudeerde geneesmiddelen moeten we concluderen dat we nog steeds 
meer onderzoek moeten uitvoeren om een medicijn te ontwikkelen dat kan worden 
gebruikt als on-demand behandeling voor premature ejaculatie. Hoewel tramadol de 
potentie heeft om als on-demand PE-medicijn te dienen, kan de benodigde dosis te hoog 
zijn of de bijwerkingen (verslaving) ongewenst. Sommige 5-HT1A biased agonisten kunnen 
van nut zijn voor on-demand behandelingen om het vermogen van een man om seksueel 
beter te presteren te verbeteren, maar de mechanismen die aan dergelijke effecten ten 
grondslag liggen, moeten verder worden onderzocht.
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Resumen en español

Antecedentes
La función sexual masculina ha sido un tema de interés para la comunidad científica durante 
las últimas décadas. Se ha prestado especial atención a las disfunciones como la eyaculación 
precoz (EP) y la eyaculación retardada (ER) en los hombres, que afectan a una parte 
considerable de la población mundial masculina. Aunque estas condiciones no ponen en 
peligro la vida, pueden afectar significativamente las relaciones de quienes las padecen tanto 
emocional como interpersonalmente. En general, un factor importante para el diagnóstico 
de estas disfunciones es que generalmente conducen a la insatisfacción sexual de la pareja 
y tienen un impacto muy negativo en ella. Los orígenes de las disfunciones sexuales son 
motivo de controversia, ya que pueden ser el resultado de varios factores psicosociales, 
biológicos y genéticos que pueden condicionar emocionalmente a una persona para que 
tenga niveles elevados de ansiedad antes o durante el encuentro sexual, lo que resulta 
en un desempeño sin éxito. Uno de los principales efectos secundarios de los inhibidores 
selectivos de la recaptura de serotonina (ISRS), que son el tratamiento de primera línea 
para la depresión mayor, es un retraso en la eyaculación. Por lo tanto, los ISRS se usan 
como tratamiento para una disfunción sexual como la eyaculación precoz. Aunque estos 
medicamentos pueden mejorar el rendimiento sexual de un cierto porcentaje de hombres 
con EP, una gran cantidad de ellos recaen con el uso crónico de estos medicamentos para 
el tratamiento de la EP a largo plazo, y pueden afectar adversamente el comportamiento 
sexual y la eyaculación, causando una disfunción sexual crónica por ISRS.

Por otro lado, la eyaculación retardada (ER) es una disfunción sexual que, aunque es 
menos frecuente que la EP, afecta a un buen número de individuos y, hasta ahora, su 
etiología y mecanismos no son bien conocidos. Al receptor 5-HT1A se le ha atribuido un 
papel importante en el comportamiento sexual masculino, ya que la estimulación de 
este receptor por varios agonistas del receptor 5-HT1A induce efectos pro-sexuales en 
ratas. Los agonistas del receptor 5-HT1A como el 8-OH-DPAT, entre otros, han demostrado 
disminuir la latencia de la primera eyaculación y disminuir el número de monturas e 
intromisiones para alcanzar la eyaculación en ratas. Estos agonistas del receptor 5-HT1A 
ya conocidos no están permitidos para uso humano, lo que significa que estamos en 
busca de un nuevo agonista del receptor 5-HT1A para tratar la ER. El efecto pro-sexual 
en el comportamiento sexual causado por los agonistas del receptor 5-HT1A puede ser 
bloqueado por los antagonistas del receptor 5-HT1A (por ejemplo, WAY100,635), que por sí 
solos no tienen actividad intrínseca. En condiciones basales, los receptores 5-HT1A pueden 
no desempeñar un papel crucial en el comportamiento sexual, pero se vuelven relevantes 
cuando son activados por los agonistas del receptor 5-HT1A o en condiciones de altos 
niveles de serotonina extracelular, por ejemplo. inducido por los ISRS.
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La falta de efectividad de los tratamientos disponibles actuales para los trastornos 
sexuales indica que los modelos farmacológicos y psicosociales y etiológicos 
disponibles en este momento no son suficientes para comprender la (dis)función 
sexual.

Pregunta de investigación
El objetivo general de esta tesis fue investigar otros mecanismos implicados en la 
expresión de la disfunción sexual eyaculatoria. Específicamente, nosotros 1) se evaluó el 
papel de la corteza somatosensorial en la expresión del comportamiento copulatorio. 2) 
se estudió el papel del SERT en el desempeño sexual utilizando la rata knockout a SERT. 
Un modelo genético animal que se asemeja a una disfunción sexual crónica en humanos 
inducida por ISRS. 3) se estudió el efecto de la administración aguda de tramadol en ratas 
wildetype de la cepa Wistar y en ratas SERT+/+, SERT+/- y SERT-/-. Y, por último, 4) se evaluó 
el rol pre y post sináptico de los agonistas sesgados del receptor 5-HT1A en la expresión 
de la función sexual.

Modelos animales de disfunción sexual.
La elección de modelos animales se vuelve crítica cuando se traduce el conocimiento 
científico de la condición humana. La mayor parte de la comprensión actual sobre la 
función sexual y la función eyaculatoria es el resultado de numerosos estudios en 
modelos animales, en particular en la especie de Rattus Norvegicus Albinus. La función 
sexual, más particularmente la latencia de la eyaculación, ha sido ampliamente estudiada 
por grupos de investigación anteriores que desarrollaron un modelo conductual de rata 
para estudiar la eyaculación precoz y tardía. Esta especie animal no solo es la mejor 
entendida en cuanto a su fisiología sexual y reproductiva, sino que las ratas macho 
también muestran variabilidad en su rendimiento sexual una vez que se estabiliza 
(después de 4 a 6 sesiones de entrenamiento), especialmente en diferentes fenotipos 
copuladores, incluidas las variantes según el número. de eyaculaciones. El modelo 
de rata de eliminación de transportador de serotonina (SERT-/-) se ha caracterizado 
previamente y se han descrito las consecuencias funcionales en las perturbaciones 
del sistema serotoninérgico en paradigmas de comportamiento. Los animales SERT-/- 
tienen una exposición “natural” crónica a niveles extremadamente altos de serotonina 
extracelular en el cerebro, lo que hace que estos animales sean un buen candidato 
para un modelo que simule la administración crónica de ISRS en humanos. El modelo 
de rata SERT-/- también puede ser útil para probar nuevos fármacos antidepresivos 
que poseen propiedades de ISRS y objetivos serotoninérgicos adicionales, para 
comprender sus efectos y mecanismos de acción más allá de las propiedades de ISRS 
en el comportamiento sexual.
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Capítulo 2
El primer conjunto de experimentos (capítulo 2) se dedicó a encontrar posibles nuevas 
estructuras cerebrales relacionadas con la expresión de la función sexual. Demostramos 
que la representación anatómica y funcional de los órganos genitales externos en la 
corteza somatosensorial primaria (S1) de la rata macho variaba de acuerdo con la 
latencia de la eyaculación de ratas macho. Los animales considerados eyaculadores 
normales y rápidos tienen representaciones corticales más grandes de los genitales en 
S1, y aquellos considerados eyaculadores lentos, no eyaculadores o no copuladores tienen 
una representación más pequeña de los genitales en S1. Estos resultados apoyan la idea 
de que las diferencias en la expresión del comportamiento copulatorio también están 
reguladas por diferencias morfo-funcionales en las vías sensoriales. La expresión del 
comportamiento sexual no solo depende de las acciones tradicionalmente estudiadas 
de las estructuras neuronales involucradas en la motivación y la implementación del 
comportamiento sexual y reproductivo, sino que también depende de las contribuciones 
de las estructuras neuronales responsables del procesamiento de la información sensorial. 
Por lo tanto, es importante incorporar este concepto para comprender las diferencias en 
la expresión de la función sexual.

Capítulo 3
Debido a que es de gran importancia contar con modelos animales adecuados para el 
estudio del comportamiento sexual y los mecanismos relacionados con él, en el capítulo 3, 
recopilamos todos los datos de comportamiento sexual basales producidos durante las 
sesiones de entrenamiento de nuestro trabajo experimental para esta tesis. Probamos un 
gran número de ratas modificadas genéticamente al transportador de serotonina (SERT) 
y los comparamos con ratas de tipo salvaje. Aunque se ha informado anteriormente que 
los animales SERT-/- tienen un nivel sexual diferente al de SERT+/+ o SERT+/-, describimos 
con mayor detalle las diferencias en el rendimiento sexual de los animales parcialmente 
(SERT+/-) o completamente (SERT-/-) carentes de SERT. Demostramos que la diferencia en 
la función sexual entre los animales con plena disponibilidad (100%) del transportador y 
los que no lo tienen (0%) es detectable a partir de la segunda semana (de entrenamiento 
en comportamiento sexual), en ratas macho entrenadas sexualmente. Las ratas SERT-/- 
mostraron un número reducido de eyaculaciones en comparación con las ratas SERT+/- y 
SERT+/+. Aunque anteriormente se demostró que, a nivel molecular y neuroquímico, estos 
animales modificados genéticamente son diferentes de las ratas SERT+/+, todos nuestros 
resultados en todos los experimentos no muestran diferencias entre las ratas SERT +/- 

(50% de disponibilidad de los transportadores) y SERT+/+ ratas. Esto sugiere que no existe 
una relación lineal entre la cantidad de SERT y el nivel de conducta sexual masculina, 
al parecer, el 50% de los transportadores todavía es suficiente para realizar una conducta 
sexual de tipo salvaje. Por lo tanto, utilizamos la rata SERT-/- como modelo animal para 
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la mayoría de nuestros experimentos farmacológicos y los comparamos con animales de 
tipo salvaje que muestran una función sexual basal normal o alta. Además, buscamos 
nuevas terapias farmacológicas contra la eyaculación precoz y utilizamos animales con 
un transportador de serotonina modificado genéticamente, para obtener una mayor 
comprensión de los posibles mecanismos de acción de estos fármacos.

Capítulo 4
Como se mencionó anteriormente, los tratamientos más exitosos para la EP son los 
ISRS que bloquean el SERT, lo que influye en los niveles extracelulares de 5-HT que 
actúan sobre varios receptores de serotonina. El tratamiento con ISRS para la EP es 
engorroso. Necesita administración crónica y se asocia con efectos secundarios no 
deseados (diarios). Además, a excepción de la dapoxetina, los ISRS se prescriben fuera 
de etiqueta para la EP, que en realidad es una situación no deseada. Por lo tanto, la 
búsqueda de tratamientos a demanda ha cobrado gran importancia. En el capítulo 
4, probamos los efectos del tramadol (un agonista del receptor de opioides μ y ISRS 
/ NRI, usado más comúnmente como analgésico) en animales wildetype, como un 
tratamiento agudo a demanda de la eyaculación precoz. Encontramos que, en altas 
dosis, el tramadol puede inhibir de forma intensa y aguda el comportamiento sexual. 
Cuando lo combinamos con naloxona (un antagonista del receptor opioide μ), tuvo 
algunos efectos antagonistas menores pero significativos sobre los efectos inhibidores 
de la dosis más alta de tramadol. Estos datos sugieren que el receptor opioide μ 
podría jugar un papel menor en la inhibición de la conducta sexual causada por el 
tramadol, y que los efectos inhibitorios restantes podrían deberse a efectos de ISRS 
más fuertes en la dosis más alta. A pesar de que pudimos establecer que su mecanismo 
de acción prevalente para corregir la disfunción sexual se debe principalmente a 
las propiedades de los ISRS, los datos recopilados en este estudio sugieren que el 
componente opioide μ en tramadol podría estar contribuyendo a su efecto inhibitorio 
sobre la conducta sexual. Por lo tanto, probar el tramadol sobre el comportamiento 
sexual en ratas knock-out a SERT nos ayudaría a determinar si la actividad agonista 
opioide en tramadol ejerce efectos inhibitorios sexuales en ausencia de los efectos 
inhibidores de SERT del tramadol.

Capítulo 5
En el capítulo 5, realizamos un conjunto de experimentos en ratas SERT knockout que 
confirmaron que el efecto principal agudo del tramadol sobre la función sexual está 
relacionado con sus propiedades como ISRS y muy poco o nada con su agonista receptor 
de opioides μ o incluso con sus propiedades antagónicas al transportador de norepinefrina. 
Este experimento fue diseñado para ayudarnos a determinar si la actividad agonista de 
los opioides en el tramadol ejerce efectos inhibidores sexuales en ausencia de SERT, 
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una característica que aporta el modelo de la rata SERT-/-. Probamos este fármaco en 
ratas SERT+/+, SERT+/- y SERT-/-. Al igual que en el capítulo 4, encontramos que las altas 
dosis de tramadol tienen un efecto inhibitorio agudo sobre el comportamiento sexual. 
Sin embargo, la disminución de la función sexual estuvo presente en los 3 genotipos. 
Administramos naloxona (como en el capítulo 4) y WAY100,635 (un antagonista del 
receptor 5-HT1A) para antagonizar la propiedad antagonista del receptor opioide μ del 
compuesto y para bloquear la actividad del receptor 5-HT1A, respectivamente. Cuando se 
administró una dosis intermedia de tramadol junto con WAY100,625, se inhibió la función 
sexual (como se esperaba cuando se vincula un ISRS y un antagonista del receptor 5-HT1A). 
Cuando se combinó con naloxona, no fue posible contrarrestar completamente los efectos 
inhibidores del tramadol en todos los genotipos. El hecho de que incluso usando animales 
sin SERT, tramadol puede inducir su efecto inhibitorio sobre el comportamiento sexual y 
que la naloxona no sea capaz de antagonizarlo completamente, sugiere que la sensibilidad 
del sistema μ-opioide en el cerebro de las ratas SERT-/- no es diferente debido a la ausencia 
de SERT y que existen otras propiedades del tramadol que tienen una contribución más 
importante a sus efectos inhibidores sobre las actividades sexuales masculinas que el 
sistema opioide.

Capítulo 6
Durante nuestros estudios, el papel de los receptores 5-HT1A en la regulación de la 
conducta sexual masculina ha sido un tema de interés, ya que su estimulación por 
los agonistas de este receptor, posee efectos pro-sexuales en ratas. En el capítulo 
6, investigamos y tratamos de comprender mejor el papel de los receptores 5-HT1A 
mediante el uso de dos agonistas de receptores 5-HT1A con sesgos diferentes en los 
animales SERT+/+ y SERT-/-. La estimulación del receptor 5-HT1A mejora la actividad 
sexual, y en este capítulo, nos enfocamos en los animales que durante sus sesiones de 
entrenamiento realizaron un nivel sexual relativamente bajo, de modo que pudiéramos 
evaluar si los fármacos de selección tenían un efecto pro-sexual. Luego utilizamos dos 
agonistas sesgados del receptor 5-HT1A, F13714: agonista del receptor 5-HT1A selectivo 
del autorreceptor y F15599: agonista del receptor 5-HT1A selectivo del hetero-receptor, 
y los probamos en ratas SERT+/+ y SERT-/-. Algo sorprendente, ambos compuestos 
indujeron actividad pro-sexual en ratas SERT+/+ y SERT-/-, pero para F13714 la curva 
de respuesta a la dosis para el efecto pro-sexual en ratas SERT-/- se desplazó hacia la 
derecha en comparación con SERT+/+ ratas, lo que significa que el auto-receptor 5-HT1A es 
menos sensible en las ratas SERT-/-. Hasta el momento, no hay estudios que evalúen las 
contribuciones selectivas de los auto-receptores o hetero-receptores 5-HT1A (o ambos). 
Un tercer compuesto evaluado fue S15535, un agonista del receptor 5-HT1A selectivo del 
autorreceptor y antagonista del receptor 5-HT1A selectivo del hetero-receptor, que no 
tuvo ningún efecto sobre el comportamiento sexual masculino de las ratas SERT+/+ y 
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SERT-/-, concluyendo que este particular el compuesto se comporta principalmente como 
un ligando del receptor 5-HT1A ‘silencioso’ en el comportamiento sexual de ratas macho. 
Desafortunadamente, estos estudios no han aportado nueva evidencia de mecanismos 
pre- o postsinápticos en los efectos pro-sexuales de los agonistas del receptor 5-HT1A.

Conclusiones
Finalmente, en el capítulo 7, todos nuestros hallazgos (del capítulo 2 al 6) se resumen 
y discuten con mayor detalle, reconociendo la importancia de los tratamientos 
farmacológicos para mejorar el control de la eyaculación.

En conclusión, encontramos que hay una representación anatómica y funcional de los 
órganos genitales externos en la corteza somatosensorial primaria (S1) de la rata macho. 
El área activada en el S1 por estimulación de los genitales externos se correlaciona con 
la latencia de la eyaculación. Por lo tanto, las ratas con latencias eyaculatorias cortas o 
intermedias tienen una presentación genital más grande en S1 en comparación con las 
ratas que tienen una latencia de eyaculación larga. Esta es una información valiosa para 
incorporar en la comprensión de las diferencias en la expresión del comportamiento 
sexual y la posible participación en el desarrollo o la aparición de disfunciones sexuales. 
Especialmente para ser tenidos en cuenta y usados   en posibles desarrollos de nuevas 
terapias conductuales que involucren información sensorial para tratar la eyaculación 
precoz y tardía.

El modelo animal propuesto y estudiado para examinar los efectos crónicos de la 
exposición a los ISRS en el comportamiento sexual ha sido validado una vez más. Las 
ratas SERT-/- macho tienen un patrón sexual muy bien definido y estable que nos permite 
estudiar los efectos de la exposición extracelular de alto nivel de 5-HT en el cerebro 
durante toda la vida.

A partir de los diferentes fármacos estudiados, debemos concluir que es necesario realizar 
más estudios para desarrollar un fármaco que pueda prescribirse como un tratamiento 
a demanda para la eyaculación precoz. Aunque el tramadol puede tener el potencial de 
ser un fármaco para tratar de manera aguda y a demanda la PE, la dosis necesaria puede 
ser demasiado alta o sus efectos secundarios (adicción) pueden llegar a ser demasiado 
molestos. Algunos agonistas con sesgo a los receptores 5-HT1A podrían ser útiles para el 
tratamiento a demanda de la ER y para mejorar la capacidad de un hombre para tener 
un mejor desempeño sexual, pero los mecanismos subyacentes a tales efectos necesitan 
investigaciones adicionales.
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