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Abstract

Purpose of Review Antidepressants including selective serotonin re-uptake inhibitors (SSRIs) have sexual side effects contrib-
uting to treatment cessation. Animal models predicting such effects are needed to develop better antidepressants. Models of
normal male rat sexual behavior and a genetic model simulating chronic SSRI-treatment, the serotonin transporter (SERT)—
knockout rat, have been developed. Our goal was to use both models to improve prediction of antidepressants without sexual side
effects.

Recent Findings Male rats tested weekly for sexual behavior develop a stable sexual phenotype. Normal ejaculating males were
used to test antidepressants, and results fit the typical human profile: SSRIs only exert inhibiting effects after chronic adminis-
tration of antidepressants. Novel SSRI-antidepressants (vilazodone, vortioxetine) with additional serotonergic mechanisms lack
inhibition of sexual behavior in line with human data. SERT-KO rats display lower basal sexual behavior than wildtypes at a level
comparable with chronic SSRI-treated rats.

Summary The wild-type model generates results highly translatable to human sexual behavior. The SERT-KO model provides
possibilities to study non-SSRI mechanisms in antidepressants.

Keywords Selective serotonin reuptake inhibitors - Animal model of male sexual behavior - Serotonin transporter knockout rat -
Sexual side effects - Antidepressants - Translational research

Introduction mild-to-severe sexual dysfunctions including decreased libido,
delayed orgasm, and arousal difficulties. Major depressive dis-
Many available antidepressants, including tricyclic antidepres-  order is associated with a 50-70% enhanced risk of sexual dys-

sants (TCA), monoamine oxidase inhibitors (MAOI), selective function (SD), whereas SD itself increases the risk for depres-
serotonin reuptake inhibitors (SSRI), and serotonin-noradrenalin ~ sion also, up to a twofold greater risk [See]. Prescribing antide-
reuptake inhibitors (SNRI) are associated with sexual dysfunc-  pressants to depressed patients with potential sexual dysfunc-
tions in humans [1-4]. Serotonergic antidepressants may cause  tions strongly enhances the risk for non-compliance or
discontinued drug treatment [Se¢]. Although no conclusive evi-
dence has been found, some antidepressants (agomelatine,
bupropion, desvenlafaxine, moclobemide, trazodone,
vilazodone, and vortioxetine) are considered to have less or no
inhibitory sexual effects [4—6]. Prescription of a particular anti-
depressant is therefore dependent on a thorough assessment of
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For many years, our group has been interested in develop-
ing animal models of sexual behavior with a high translational
value towards human sexual behavior and its dysfunctions
[10-12].

Development of a Male Rat Sexual Behavior Model
That Is Translatable to Human Male Sexual (Dys)
function

To develop an animal model to screen antidepressants (but
also other psychoactive drugs) in male sexual behavior, we
extensively run sexual behavior tests in male rats. In a rou-
tine test, an adult male rat is placed for 30-min in a cage,
followed by a 30-min sex test with an estrus female [13].
During this sex test, male sexual behavior (number of ejac-
ulations (E)/30 min; and during the first ejaculation series:
the number of mounts (MF), intromissions (IF), latencies to
start mounting (ML) and intromission (IL), latency to the
first ejaculation (EL) and post-ejaculation interval (PEI))
are recorded. Initially, sexual behavior of male rats is rather
unstable; at least 4 (sometimes 6) training tests (once a
week) are needed to stabilize sexual behavior [10, 14, 15].
Once at this level, male sexual behavior is stable over time
(at least up to 12 months). In this way, we collected sexual
behavior of many rats and found extensive variation in in-
dividual sexual performance. In a 30-min test, male rats
ejaculate from O to 5 times, based on data of more than
2000 rats over the last decades [10, 16, 17]. Ejaculation
latencies show a reverse pattern; the fewer the number of
ejaculations, the longer the ejaculation latencies. These data
resemble data on human male ejaculation. Research on hu-
man ejaculations was furthered in the 1990s by findings that
SSRIs lengthened the intravaginal ejaculation latency times
(IELTs) of males with lifelong premature ejaculation
(LLPE). Waldinger and Olivier [12] postulated that LLPE
men with IELTs smaller than 1 min are part of normal bio-
logical variation in the EL, with a putative genetic compo-
nent [18-20]. According to this variation, there are men with
lifelong early ejaculation, men with lifelong delayed or even
no (an) ejaculation, and men ejaculating in a range charac-
terized as having “normal” ejaculation time. When the num-
ber of trained male rats was plotted against the ejaculation
frequencies of individual rats (from 0 to 5 E/test), a
Gaussian distribution curve emerged, where approx. 10—
20% of the rats displays “hyposexual” (0-1 E/test) and
approx. 10% “hypersexual” behavior (4-5 E/test).
Remaining animals (“normal-sexual”) display 2—4 E/test.
We hypothesize that these different phenotypes might model
different aspects of the human ejaculation spectrum: “slug-
gish” rats (0—1 E/test) might model delayed or an-ejacula-
tion, whereas “rapid” or “fast” rats (4—5 E/test) might model
premature ejaculation. We use “normal” ejaculating rats for
most pharmacological studies, particularly antidepressants,

because their level of sexual activity enables detecting both
stimulating and inhibitory effects of drugs. In our early stud-
ies [21, 22], male rats with various levels of sexual experi-
ence were used to study 5-HT;-receptor agonists and ;-
adrenoceptor antagonists. 5-HT; 5-receptor agonists (8-OH-
DPAT, flesinoxan, buspirone, and ipsapirone) and o,-
adrenoceptor antagonists (yohimbine, idazoxan) facilitated
sexual behavior of sexually naive rats (low number of ejac-
ulations), whereas in moderately experienced males (inter-
mediate number of ejaculations), only 8-OH-DPAT and
flesinoxan (full 5-HT 5-receptor agonists), but not buspirone
and ipsapirone (partial 5-HT 5-receptor agonists), facilitated
sexual behavior. In sexually vigorous males (high number of
ejaculations), none of the 5-HT;s-receptor agonists or -
adrenoceptor antagonists influenced male sexual behavior,
probably due to a ceiling effect. This kind of data, in com-
bination of studies of inhibitory drugs on male sexual be-
havior [23], established the value of this animal model of
male sexual behavior in determining the potential of drugs
to influence human sexual behavior.

Olfactory Bulbectomy and Depression

An important issue in the last decades has been the impact of
antidepressants on sexual functioning. Antidepressants, par-
ticularly serotonergic antidepressants like SSRIs, SNRIs, and
tricyclics (especially clomipramine) are notorious for their
sexual side effects [4, 7, 9, 24, 25]. The onset of antidepressant
action starts gradually (weeks), and sexual side effects parallel
the antidepressant action. An animal model with predictive
validity for this human profile should reflect this relatively
slow onset of action. One of the big items in the research
and discovery of new and innovative antidepressants is the
availability of animal models that are able to measure “onset
of action,” “efficacy,” and “side effects” [26]. Onset of anti-
depressant action in an animal model is quite difficult to as-
sess. Most animal depression tests are acute, in that they re-
spond immediately to a dose of a certain antidepressant, e.g.,
forced swim test or tail-suspension test. Animal depression
models that do not respond acutely but only after chronic
treatment of the classic antidepressants are rather scarce, al-
though indispensable in the onset of action discovery. One of
such models is the olfactory bulbectomized (OBX) rat [26,
27]. OBX leads to stable and lasting changes in behavior after
removing the olfactory bulbs [27]. OBX leads within days
after ablation to permanent changes in activity, basal body
temperature, heart rate, and heart rate variability and stress
responsitivity [28]. Increased locomotor activity in an open
field is an often-used simple parameter to measure the effects
of antidepressants [27, 29]. In an extensive review on avail-
able animal models, olfactory bulbectomy in rodents is con-
sidered superior to other animal models to detect onset of
action of antidepressants [26], with a high sensitivity,
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specificity, and reliability and moderate ease to use the model.
In rats, we use the olfactory bulbectomized (OBX) model to
detect the onset of antidepressant action of drugs [30]; SSRIs
(e.g., paroxetine, escitalopram) only inhibit OBX-induced hy-
peractivity after chronic, but not acute treatment [29]. In the
male rat sexual behavior model, a similar profile emerges; no
inhibition of sexual behavior after acute, but after chronic (7—
14 days) administration of SSRIs (paroxetine, citalopram, flu-
oxetine) [16, 17, 31-33].

Pharmacological Effects in Male Sexual Behavior Model

Table 1 summarizes the acute and chronic effects of antidepres-
sants and potential antidepressants on sexual behavior in our rat
model and also indicates effects in humans (based mainly on
effects in either depressed patients or premature ejaculating
males). Because depression itself is associated with sexual dys-
functions, the effects of medications are difficult to establish.
Extra support for specific influences of drugs on sexual func-
tions, at least in males, can be found in drug studies in prema-
ture ejaculation [63¢¢]. Males with LLPE do not suffer from
depression or anxiety disorders. Therefore, the LLPE-
paradigm seems an “ideal” model to study effects of drugs on
ejaculation. In general, pharmacological treatment for prema-
ture ejaculation (PE) aims at delaying the ejaculation latency
time (operationally defined as the intravaginal ejaculation laten-
cy time—IELT). SSRIs lengthen IELT but significant effects
only occur after chronic treatment (weeks). The disadvantage of
taking (off-label prescribed) chronic SSRIs to obtain acceptable

Table 1 Summary of effects of various drugs on male sexual behavior
after acute, sub-chronic, or chronic treatment. |, inhibition; 1, stimulation;
0, no effect; nt, not tested. SSRI, selective serotonergic reuptake inhibitor;

ejaculation latencies has led to attempts to develop “on-de-
mand” treatment for PE, medication that one can use only when
it is required for a better sexual performance. Although clomip-
ramine, a tricyclic antidepressant with strong serotonergic, but
also noradrenergic reuptake blockade and «,-adrenolytic, anti-
cholinergic, and anti-histaminergic properties, has some on-
demand effects in PE [34], but accompanying adverse side
effects probably restrict its use, including dry mouth, blurred
vision, constipation, dizziness, and nausea. More recently,
dapoxetine was developed for PE, a relatively short-acting
SSRI, and approved for on-demand treatment of LLPE in adult
men in Europe. The effects of dapoxetine in PE are relatively
minor and, like all SSRIs, come with side effects [64¢].
Dapoxetine is, like other SSRIs, selective for the serotonin
transporter (SERT) but is somewhat less potent than fluoxetine
and paroxetine. Investigators explain dapoxetine’s rapid onset
of action by its pharmacokinetic profile pointing at its rapid
absorption and elimination compared with classic SSRIs
[65-67]. This would imply that dapoxetine would not lead to
5-HT s-autoreceptor activation like the other SSRIs [68].
Although dapoxetine is registered as on-demand therapeutic
in some countries, it is not very effective [cf. 69]. In our rat
model, SSRIs do not acutely inhibit ejaculation [14, 16, 70]. An
extremely high dose of dapoxetine (300 mg/kg orally, 3 h be-
fore testing) reduced sexual behavior in “rapid” ejaculating rats,
although dapoxetine has not been tested in slow “ejaculators”
[68]. In our sex model, dapoxetine (11 mg/kg, PO) was tested at
a dose molecularly equivalent to paroxetine (10 mg/kg, PO)
and we found no acute inhibitory effects from either drug on

SNRI, serotonergic and noradrenergic reuptake inhibitor; NDRI,
noradrenergic and dopaminergic reuptake inhibitor; 7CA, tricyclic
antidepressant; 7R/, triple monoaminergic reuptake inhibitor; R, receptor

DRUG Mechanism of action Rat acute Rat chronic Human sexual behavior References
Paroxetine SSRI 0 ! ! [1-4, 13, 16, 29, 33-39,
400, 41-43]

Clomipramine TCA 0 | | [7-11, 13, 16, 23, 34]
Citalopram/escitalopram SSRI 0 | | [13, 16, 38, 39, 44-46]
Fluoxetine SSRI 0 | ! [13, 31, 32]
Fluvoxamine SSRI 0 0} 0} [13,42]
Sertraline SSRI 0 | | [25, 47, 48]
Venlafaxine SNRI 0 1 ! [16, 49]
Buspirone 5-HT; AR agonist i 0 [16, 50]
Bupropion NDRI i 0 [16, 36, 37, 44, 47-49]
DOV216,303 TRI 0 ! nt [30, 51-53]
Vilazodone SSRI + 5-HT; AR agonist 0 0 0? [39, 40e°, 45, 54-56]
Hypidone SSRI + 5-HT; AR agonist 0 0 nt [33]
Vortioxetine SSRI+ 5-HT 5/1B agonistand 5-HT,D, 5-HT5; 0 0 0 [54, 57, 58, 59+¢]

and 5-HT; antagonist
Tramadol SNRI + p-opioid agonist 0] NT ! [41, 60, 61-, 62]
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male sexual behavior in “normal” ejaculating rats (approx. 2
E/test).

All SSRIs share the inhibitory action on male sexual be-
havior after chronic, but not acute administration (see
Table 1). This pattern clearly follows the antidepressant pro-
file, which also emerges only after some delay. Apparently,
mechanisms underlying inhibitory effects of chronic SSRIs
reflect changes in the serotonergic system only becoming
manifest after sustained administration. The underlying hy-
pothesis, increased serotonin-mediated tonic inhibition, sug-
gests that chronic SSRI treatment influences underlying cir-
cuitry mediating sexual behavior by enhancing 5-HT activity
in projection areas [71]. Although it is not at all clear how this
mechanism specifically acts at various brain levels, it is evi-
dent that a very complex network in the brain and spinal cord
is involved in this serotonergic-induced action, including im-
portant roles for noradrenergic, dopaminergic, and glutamater-
gic systems [72, 73].

Noradrenaline and Dopamine

The serotonin-noradrenaline reuptake inhibitor (SNRI)
venlafaxine affects male sexual behavior at relatively high
doses [16] (Table 1). Because noradrenaline facilitates sexual
behavior in humans [16], one might expect that this may an-
tagonize inhibitory effects of the SSRI-component in
venlafaxine. Only lower doses venlafaxine do not affect sex-
ual behavior, indicating that SSRI activity at higher doses
becomes dominant in venlafaxine’s action. The dopaminergic
(DA) system plays an important role in the facilitation of sex-
ual behavior and DA activity in mesolimbic areas is involved
in motivational and copulatory aspects [72]. There is a strong
5-HT/DA interaction in the brain that modulates motivational
aspects of sexual performance [16] and adding a dopaminer-
gic stimulating mechanism to an inhibiting serotonergic
mechanism (e.g., SSRI) might result in amelioration of the
inhibitory action of the latter [16]. DOV 216,303 is a triple
reuptake inhibitor (TRI) blocking noradrenergic, serotonergic,
and dopaminergic transporters [51, 52]. One of the core symp-
toms of depression, anhedonia, is connected to lower
mesolimbic DA neurotransmission and the original rationale
for development of TRIs was to alleviate anhedonia in depres-
sion [52]. An additional advantage might be that the dopami-
nergic stimulation by DA-reuptake inhibition might reverse
sexual side effects. No data are available on the sexual side
effect profile of TRIs, but a trial with a TRI (the DOV 216,303
isomer amitifadine) showed no worsening of sexual function-
ing after chronic treatment of depressed patients [53]. Our
preclinical data confirm lack of sexual side effects of DOV
216,303 at antidepressant doses in animal depression models
[30, 35, 52, 74]. This clearly suggests that 5-HT-mediated
inhibition of sexual behavior can be overcome by stimulating

dopaminergic neurotransmission via DAT-blockade, although
a noradrenergic role cannot be excluded.

Bupropion is used to counteract SSRI-induced sexual dys-
function [36, 37, 44, 47-49]. Bupropion facilitates noradren-
ergic and dopaminergic mechanisms (NET and DAT inhibi-
tor), and we expected a rather strong pro-sexual effect of
bupropion in our animal model. Bupropion had a slight stim-
ulating effect, but only at a higher dose and only after acute
and (marginally) after sub-chronic but not chronic administra-
tion. This small and short-living facilitating effect was unex-
pected, but likely explains why bupropion is not used in PE.
Apparently, its relatively weak DAT blockade is not strong
enough to permanently stimulate sexual behavior in healthy
subjects (like our rats), leaving open the possibility that in
“depressed” brains with an extra SSRI-induced sexual dys-
function, bupropion might be very effective as an “add-on”
medication.

When an SSRI is given (either to man or animal), the phar-
macological mechanism, blockade of the SERT on the neuron,
induces an increase in the level of 5-HT in the synaptic cleft
[75]. 5-HT is the endogenous ligand of all 14 different 5-HT
receptors and it is very likely that some, but not all 5-HT
receptors are involved in serotonin’s action in sexual behavior
[76°]. A critical receptor involved is the 5-HT; oR, located as
somatodendritic autoreceptor on 5-HT cell bodies and post-
synaptic heteroreceptor on many non-serotonergic neurons in
various brain areas [75]. 5-HT; o-receptor agonists, including
buspirone, have acute pro-sexual activity in rats [77, 78]. This
pro-sexual activity of 5-HT o-receptor agonists is most likely
due to activation of postsynaptic 5-HT s-receptors, probably
mediating dopaminergic activation in brain areas that decrease
the ejaculation threshold [78]. Clinically, the only available
(partial) 5-HT 5-receptor agonist buspirone (also dopamine
D,-receptor antagonist) is used as an antidepressant and has
not been associated with sexual side effects [38, 50]. In our rat
model, low doses of buspirone that exert an antidepressant
effects in animal depression models [79] have mild pro-
sexual activity [16] (Table 1). Our rat data are in line with
(limited) human data indicating that buspirone has no sexual
side effects, but is also not a strong (add-on) drug in combi-
nation with SSRIs. The absence of pro-sexual effects at the
highest dose probably reveals the dopamine D,-receptor an-
tagonistic effect of buspirone. Dopamine D,-receptor block-
ade strongly inhibits sexual behavior and at higher doses in-
terferes with pro-sexual activity of 5-HT-receptor
stimulation.

New Antidepressants
Non-SSRI antidepressants like agomelatine and mirtazepine
lack sexual side effects [80, 81]. Augmentation therapy with

mirtazapine seems to decrease the sexual side effects of SSRIs
[82, 83], supporting that SSRI-induced sexual dysfunction
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may be mediated by 5-HT,c-receptors. The selective 5-HT, -
receptor antagonist S32006 has antidepressant effects in pre-
clinical depression models and elevates extracellular DA and
NA, but not 5-HT [84, 85]. S32006 had no effects on sexual
behavior [16], suggesting that 5-HT,c-receptors are not
(directly) involved in SSRI-induced sexual side effects.
Recently, novel antidepressants were introduced,
vilazodone and vortioxetine. Vilazodone is an SSRI and par-
tial 5-HT; o-receptor agonist with antidepressant activity in
man and rat. Clinical trials indicate absence of sexual side
effects in depressed patients [45, 54, 55]. Vilazodone and the
SSRIs citalopram and paroxetine were tested in our rat model
[39]. Vilazodone did not affect sexual behavior neither after
acute nor chronic administration, whereas both citalopram and
paroxetine showed the typical SSRI profile. In a subsequent
experiment once daily, paroxetine, vilazodone, paroxetine
plus buspirone (simulating the mechanism of action of
vilazodone), or vehicle were given for 14 days to male rats
and then switched for 7 days to various treatments [40e°].
Vehicle, paroxetine, and vilazodone pretreated groups were
switched to vehicle; paroxetine pretreated groups were
switched to vilazodone, paroxetine plus buspirone, or vehicle,
whereas the paroxetine plus buspirone group was switched to
paroxetine alone. Sexual behavior was scored acutely, after
subchronic and chronic dosing, as well as 7 days after
switching. Combination of paroxetine plus buspirone, like
vilazodone alone, did not affect sexual behavior, while parox-
etine alone reduced it considerably. Switching to paroxetine in
both the paroxetine plus buspirone group as well as in the
vilazodone group clearly inhibited sexual behavior. These da-
ta strongly suggest that 5-HT;-receptor stimulation by
vilazodone counteracts the inhibitory action of the SSRI
mechanism. These preclinical data strongly support clinical
absence of sexual side effects. Moreover, adding a 5-HT s-
receptor agonist to an SSRI may counteract SSRI-induced
sexual dysfunctions. Hypidone, in preclinical development,
has a comparable mechanistic profile like vilazodone and
has no sexual inhibitory action either after acute or chronic
administration in a comparable sexual behavior model [33].
Another recently developed antidepressant, vortioxetine, is an
SSRI with a complex serotonergic profile. Next to inhibiting
SERT, it is a 5-HT;a/p-receptor agonist and 5-HT; ;7 1p-re-
ceptor antagonist [57, 58]. Vortioxetine did not affect sexual
behavior in male rats, neither after acute nor chronic dosing
[59¢¢]. The doses used led up to 90% (at 10 mg/kg) SERT
occupation, comparable with paroxetine (at 10 mg/kg) with
90% SERT occupancy, indicative that at least at the highest
dose tested, vortioxetine exerted sufficient SERT occupancy
to potentially induce sexual side effects comparable with par-
oxetine. The remaining serotonergic mechanisms in
vortioxetine therefore in some way counteract SSRI-induced
inhibitory effects. Based on our findings, vortioxetine may be
devoid of sexual side effects in depressed patients. Clinical
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findings, although not explicitly aimed to study the sexual side
effects of vortioxetine, confirm this profile [56, 58].

Miscellaneous Treatment Options for Premature Ejaculation

Various on-demand treatments are in use in males with pre-
mature ejaculation, including tramadol, phosphodiesterase
type-5 (PDE-5) inhibitors, topical anesthetic Fortacin™ (lido-
caine + prilocaine (spray)), and various over-the-counter top-
ical anesthetics (not officially registered) [33]. Tramadol is,
based on its p-opioid agonistic mechanism, mainly used for
pain treatment, but has also serotonergic and noradrenergic
reuptake inhibiting properties. Although not used as antide-
pressant and not registered, tramadol is effective in PE [60,
63] and has been (off-label) used as on-demand treatment for
LLPE [41], although its potential risk for opioid addiction
remains a serious obstacle [64]. Tramadol has acute sexual
inhibiting effects in our rat model [61¢], supporting its poten-
tial on-demand character in PE. Pharmacological experiments
suggest that tramadol’s inhibitory action is mainly due to the
SSRI mechanism although a small p-opioid receptor agonistic
effect might be involved [61¢]. Fortacin is officially approved
for LLPE by the EMA (European Medicine Association), but
not by the FDA. It is an aerosol spray that delivers topical
anesthesia to the glans penis and can be used for on-demand
treatment. PDE-5 inhibitors are registered for the treatment of
erectile dysfunction, and their use for treatment of PE is con-
troversial. The (not-registered) use of topical anesthetics
(creams and sprays) is effective in delaying ejaculation in
men with lifelong and acquired PE comparable with Fortacin.

Conclusion Our male rat model of sexual behavior has strong
translational value for predicting sexual (side) effects of psy-
choactive drugs in human males, including depressed and
healthy persons. The predictive validity of the model is illus-
trated by the comparability of the effects of SSRI antidepres-
sants in depression and premature ejaculation and effects in
the rat model. The rat model is able to predict the sexual
behavior (side effect) profile of new antidepressants in
humans and its onset of action.

A Genetic Model of SSRI-Induced Sexual Dysfunction

Chronic SSRI treatment is needed to effectuate antidepressant
and sexual inhibiting effects in rodents and men. These de-
layed effects are initially triggered by blocking the SERT but
are due to neuroplasticity changes induced by chronic expo-
sure, viz. by selective desensitization of somatodendritic 5-
HT, o-autoreceptors and associated downregulation of
SERT-activity by internalizing processes [86, 87¢]. Because
of the widespread distribution of serotonergic synapses in
the brain and its modulating role in various processes, it is
not surprising that many systems are affected when serotonin
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levels are chronically elevated [88e¢]. The production of the
SERT-knockout rat by ENU-mutagenesis [89] provided us
with a genetic model of chronic-enhanced brain 5-HT, highly
comparable with chronic SSRI-treatment [90]. Biochemical
characterization of SERT-knockout rats revealed a gene
dose-dependent reduction in the SERT-expression and func-
tion: SERT mRNA and functional SERT protein are 100%,
resp. 50% absent in full (—/—) and partial SERT-knockouts
(+/-). 5-HT homeostasis is severely affected in the SERT—/—
rats characterized by high extracellular 5-HT levels and re-
duced 5-HT intracellular levels and release. No major adapta-
tions were found in non-serotonergic systems, including do-
pamine and noradrenaline tissue levels, dopamine metabo-
lites, DAT and NET densities, and in vitro depolarization-
induced release of dopamine, noradrenaline, acetylcholine,
GABA, and glutamate [90]. SERT—/— rats, like SERT—/—
mice, show disturbed serotonergic systems and various behav-
ioral (e.g., exploration, aggression, nociception, anxiety, fear)

and physiological changes (e.g., temperature regulation,
sleep), largely due to (disturbed) developmental processes
[91]. Interestingly, male SERT—/— rats have a lower basal
level of sexual behavior than SERT+/+ rats [62, 92].

We studied the development of sexual (endo)phenotypes
over the first six weekly 30-min training tests in male
SERT+/+, SERT+/—, and SERT—/- rats. The number of ejac-
ulations is portrayed in Fig. 1a. All genotypes improve their
sexual behavior over time; after approx. three tests, a stable
sexual phenotype emerges (Fig. 1a). From the second test on,
SERT+/+ and SERT+/— ejaculate more than SERT—/— rats,
confirming earlier findings [62, 92]. Figure 1b shows the dis-
tribution of animals with zero to five ejaculations during the
last (sixth) training test. In line with overall lower ejaculation
numbers in the SERT—/— group, its frequency distribution has
shifted. In particular, animals never ejaculating in any test
(indicated by 0%*), form a rather large group within the SERT
—/— group; no SERT—/— animal ejaculated more than three
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2.5 50-
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2 2.0 —~ 40
& 2
3 o
& 1.5 g 30-
= ..g [
_§ 1.0- g 20-
8 g
3 0.5 104
& A
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1 2 3 4 5 6 0*
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Latency to 15! ejaculation
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€ 10004
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G T T ]
2 3 6
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Fig. 1 a The mean number of ejaculations (+/— SEM) for the three
genotype groups (SERT+/+ (N = 95); SERT+/— (N = 60), and SERT—/—
(N =63) of male rats is shown for the successive 6 weekly training test of
30 min with an estrus female. * = significant difference from the
SERT+/+ and SERT+/— groups. b The distribution of the number of
animals with particular phenotypes (0 to 5 ejaculations/test) in the last

(6th) training test. 0* = depicts the animals that never ejaculated during all
the training tests (they are also included in the 0 ejaculations group). ¢ The
latencies to the first ejaculation for the three genotype groups are shown
during training weeks 2, 3, and 6. *p < 0.05 compared with the SERT+/—
and WT groups; +p < 0.05 compared with week 2
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times during a test. Figure 1c shows the latency of the first
ejaculation (EL1) for the three genotypes at weeks two, three,
and six. Along with the increase in ejaculations over time,
decreases occur in the EL. SERT+/+ and SERT+/— never dif-
fered, but ELs were always longer in the SERT—/— rats.

Comparable profiles occur after chronic SSRI-treatment
[10, 16], indicating that enhanced brain 5-HT levels inhibit
male sexual behavior. It is hypothesized that, dependent on
the intrinsic basal sexual phenotype (whether males, after
training, stably display from 0 to 5 E/test), enhanced 5-HT
activity leads to genotype-dependent decreases in individual
sexual performance. Dependent on the intrinsic basal sexual
phenotype (whether males, after training of at least 3 weeks,
stably display from 0 to 5 E/test), enhanced 5-HT activity in
some way leads to genotype-dependent decreases in individ-
ual sexual performance. Although we have not yet extensively
looked into our historic data (over the last decades more than
2500 male rats were tested on their basal, trained sexual level),
it might lead, if true, to further support for our hypothesis that
high-performing male rats may model PE in men, whereas
low-performing rats may model delayed or an-ejaculation.
Human studies about the functioning of the serotonergic sys-
tem in various ejaculation or other sexual disturbances are not
available, let alone in the distribution of ejaculation latencies
in the normal male population.

Typically, SERT+/— rats that have around 50% active
SERTs, never behaviorally differed from SERT+/+ in male
sexual behavior. Apparently, if a minimal number of SERTs
is present in the brain, the serotonergic system (at least with
regard to sexual behavior) is fully capable of normal modula-
tion of this behavior. In most studies in SERT+/— genotypes in
rats and mice, this genotype does not show robust phenotypes
[91]. The SERT+/— genotype has, from a molecular and bio-
chemical perspective, some resemblance to 5S-HTTLPR poly-
morphisms in humans, but a relationship between this poly-
morphism and male sexual behavior is not clear.

We used male SERT—/— rats in pharmacological experi-
ments. Obviously, SSRIs have no effect, but the model is able
to investigate other brain mechanisms involved in antidepres-
sant activity. The model can also be used to test drugs that
have multiple mechanisms of actions in addition to SSRI
properties, such as vortioxetine and vilazodone.

Tramadol is such an example, as it has been used as on-
demand treatment of PE [64¢]. Tramadol is a racemic mixture,
with two pharmacologically active enantiomers [93]. The (+)-
enantiomer and its metabolite ((+)-M1) are p-opioid receptor
agonists and have SSRI properties; the (—)-enantiomer and its
metabolite ((—)-M1) have NRI properties [94]. In normal rats,
tramadol acutely inhibited male sexual behavior, mainly due
to its SSRI-properties, although some p-opioid receptor stim-
ulation was involved [61]. Tramadol in SERT—/— rats still
inhibited sexual behavior, but extensive pharmacological
studies involving 5-HT;A-receptor and p-opioid receptor
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antagonism and combined blocking of both receptors did not
yet completely unravel the probable underlying sexual
inhibiting mechanism of tramadol, apart from its SSRI mech-
anism [62].

Although the SERT is lacking from conception on in the SERT
—/—rat, it is not clear what effects this has on other neurotransmitter
systems in the brain. During development, several adaptive mech-
anisms may play a role and may compensate for the lost SERT,
e.g., some evidence emerged that DAT and/or NET may have
taken over some of the serotonin transport [61¢]. Moreover, it is
known that 5-HTj 5-autoreceptors are desensitized in SERT—/—
rodents [92]. 8-OH-DPAT, a potent 5-HT; p-receptor agonist,
has pro-sexual activity in male SERT+/+, SERT+/—, and SERT
—/—rats [92]. Although basal level of sexual behavior is lower in
SERT—/— rats, dose-response curves for pro-sexual activity of 8-
OH-DPAT were comparable, indicating that the group (pool) of 5-
HT p-receptors involved in this mechanism is intact in the SERT
—/—rats. The selective 5-HT 5-receptor antagonist WAY 100.635
has no effects in male sexual behavior of SERT+/+ and SERT+/—
genotypes. However, in SERT—/— rats, WAY 100,635 dose-
dependently reduced sexual behavior [92]. Combination of pro-
sexual doses of 8-OH-DPAT with one dose of inactive
WAY 100635 (inactive in SERT+/+, but strongly reducing sexual
behavior in SERT—/- rats) completely antagonizes pro-sexual ef-
fects of 8-OH-DPAT in SERT+/+, but only partially in the SERT
—/— rats [92]. Based on these data, we hypothesize at least two
populations of 5-HT 5-receptors involved in male rat sexual be-
havior. Normal sexual performance needs activation of a certain
pool of 5-HT s-receptors that are (permanently) desensitized in
SERT—/—rats. A different pool of 5-HT} 5-receptors mediates pro-
sexual effects of 8-OH-DPAT; they are not desensitized in SERT
—/—rats. It is likely that 5-HT 5-autoreceptors are involved in the
basal level of sexual behavior of an individual rat. Permanent
desensitization of this receptor, as found in the SERT—/— and
chronic SSRI-treated rats, leads to a low level of sexual behavior.
That activation of 5-HT -receptors (other than autoreceptors)
exerts comparable pro-sexual effects in the SERT+/+ and
SERT+/— genotypes and, also in chronic SSRI-treated rats, strong-
ly suggests that some pool of postsynaptic 5-HT4-
heteroreceptors is still functionally active. This is supported by
findings that 8-OH-DPAT was able to antagonize chronic SSRI-
induced inhibition of male rat sexual behavior [42, 43] and further
inhibition by the 5-HT; 5-receptor antagonist WAY 100,635
adding to inhibition of chronic SSRI-treatment [46]. Further re-
search where these 5-HT 5-heteroreceptors are located and how
they modulate or contribute to the actual sexual behavior is needed
and ongoing in our laboratory.

Conclusion Male SERT—/— rats constitute a genetic model
simulating chronically SSRI-treated rats. Basal level of male
sexual behavior is lower than the corresponding SERT+/+
genotype and resembles the level of chronically treated
SSRIs like paroxetine at 90% SERT occupation. The resulting
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genotype can be used for acute pharmacological experiments
to study, e.g., additional serotonergic mechanisms present in
antidepressants, like vilazodone or vortioxetine that basically
are SSRIs with additional mechanisms that in some way or
another counteract sexual inhibiting effects of SERT-antago-
nism. Moreover, SERT—/— models can be used to study effects
of lifelong elevated 5-HT on neuroplasticity processes that
have led to the (mal)adapted brains of the SERT—/— genotype
or that after chronically treated SSRIs.

Overall Conclusions

The most frequently used and first-line antidepressants,
SSRIs and SNRIs, induce sexual side effects in depressed
patients that increase the burden of the disease and often
lead to cessation of treatment. Apart from other attributes
like better efficiency and faster onset-of-action, new anti-
depressants have to be devoid of this serious side effect
and animal models that may predict such effects are ex-
tremely useful. In this contribution, a male rat model of
sexual behavior is presented. Basically, adult male rats are
trained weekly on sexual behavior against an estrus fe-
male until they reach a stable sexual behavior (after three
tests). Males that ejaculate on average two—three times
during a test are used to study the effects of antidepres-
sants after acute and chronic treatment. Antidepressants
inhibit sexual behavior after chronic, but not acute admin-
istration, resembling the profile of antidepressants in
humans. Interestingly, SSRIs and SNRIs are also used
for treatment of premature ejaculation and are also only
effective after chronic treatment. Our rat model is able to
detect drugs that acutely (on-demand) inhibits (tramadol)
or facilitates (5-HT; o-receptor agonists) sexual behavior.
The model is therefore fit to detect inhibitory sexual (side
effects) but also pro-sexual effects of drugs with a high
predictive validity.

The brain mechanisms involved in the slow onset of
sexual inhibiting effects of SSRIs and SNRIs in man and
animals are far from being understood although increased
serotonergic neurotransmission due to chronic blockade of
the serotonin transporter plays an important role. In rats
that lack the serotonin transporter from conception, sero-
tonergic neurotransmission is lifelong enhanced which
leads to various behavioral and physiological adaptations.
Male serotonin transporter homozygous knockout (SERT
—/—) rats, trained similarly as wild type rats (SERT+/+),
display a basal lower level of sexual behavior in our rou-
tine sexual behavior test, confirming that long-term en-
hanced 5-HT neurotransmission is associated with a basal
lower level of male sexual behavior. The SERT—/— rat
model can be used to study effects of complex antidepres-
sant drugs with various mechanisms that still have SSRI

as main antidepressant principle (e.g., vilazodone or
vortioxetine). This model also enables to study adapta-
tions in neuroplasticity mechanisms induced by long-
term-enhanced serotonin levels in the brain, including
the functional status of various serotonergic receptors or
other neurotransmitter systems and their receptors.
Preliminary studies have shown the value of the SERT
—/— model in the role of 5-HT; 5-receptors in male sexual
behavior, as well as in the search for mechanisms in-
volved in the acute (on-demand) sexual inhibiting effects
of tramadol.
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