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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.



66   |   Chapter 3

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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