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Administering clomipramine during the early days of life induced several behavioral and neurochemical al-
terations in adult male rats, which resemble major depression disorder. The alterations included poor sexual
performance, which is considered a reward-seeking behavior regulated by dopaminergic system. Given that
estrogen receptors are expressed in different areas of the brain involved in regulating reproductive behavior,
motivation and mood. The objective of this study was to analyze the effect of a non-selective dopamine agonist
(apomorphine) on sexual incentive motivation in rats exposed to clomipramine (CMI) in the neonatal period. In
addition, we evaluated the expression of mRNA ERa and ERP in nucleus accumbens (NAcc) and septum of CMI
rats. We found that only a few rats subjected to neonatal CMI treatment performed mounts, intromissions and
ejaculations. Also, those rats spent less time exploring the sexual incentive zone and had lower preference scores;
this effect was reverted by administering 0.1 mg/kg of apomorphine. Finally, the CMI rats presented higher
levels of mRNA ERa and ER, only in septum area. These data indicate that neonatal treatment with CMI altered
the expression of mRNA ERa and ERp in the septum, which participates in regulating the motivational com-
ponent of sexual behavior.

1. Introduction lateral septum (LS) that receives input from dopaminergic cell groups in

the VTA (Cornwall et al., 1990; Seifert et al., 1998), is involved not only

Sexual motivation is which drives males to search for, and approach
to receptive females in order to perform copulation (Agmo, 1999; Beach
et al., 1956; Everitt, 1990). It requires the appropriate integration of
neural, hormonal and sensorial processes that all together, allow per-
ceive the sexual stimuli as incentives and potentially rewarding. Several
structures of the brain reward circuitry are involved in sexual motiva-
tion, highlighting those that receive dopaminergic innervation from the
ventral tegmental area (VTA); such as the medial preoptic area (mAPO),
amygdale, prefrontal cortex, septum and nucleus accumbens (NAcc)
(Ikemoto, 2010). Although the mAPO is the crucial structure for both,
sexual motivation and execution (Paredes, 2003), other areas also exert
an important modulation on copulatory behavior. For example, the
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in facilitating this behavior, but also in inhibiting heterotypical sexual
behavior in male rats (Kondo et al., 1990). Similarly, the NAcc, con-
sidered as limbic-motor interface (Mogenson et al., 1980), participates
in the processing of sexual stimuli and hence, the induction of sexual
motivation (Floresco, 2015; Liu et al., 1998).

The functioning of these brain structures, like other areas implicated
in the sexual behavior and mood, is regulated by hormones. In fact,
several reports have shown that androgens and estrogens are necessary
for performance of male sexual behavior as well as for expressing the
motivational component (Attila et al., 2010; Hull and Dominguez,
2007). Concurrently, the two types of receptors at which are joined to
estrogens, ERa and ERf, are expressed in the septum, NAcc and mAPO
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(Shughrue et al., 1998; Shughrue and Merchenthaler, 2001; Simerly
et al., 1990; Wood and Newman, 1995).

On the other hand, dopamine (DA) is a neurotransmitter involved in
mediating reward and motivation behaviors (Berridge, 2007; Hull et al.,
1997; Paredes and Agmo, 2004). Some reports suggest that reducing
dopaminergic transmission may induce deficit in sexual motivation of
male rats (Lopez and Ettenberg, 2001), while administering apomor-
phine (a non-selective DA agonist) increases the proportion of males
that ejaculates and reverts sexual exhaustion, possibly as a result of the
increase of sexual motivation (Mas et al., 1995; Rodriguez-Manzo,
1999). Similarly in hamsters, acute apomorphine treatment increases
the number of ejaculations before the onset of long intromissions, a
parameter that indicates attainment of sexual satiety (Arteaga et al.,
2002). Some pharmacological data suggest that the regulation of the
male sexual motivation in the NAcc is due to the presence of DA
(Giuliano and Allard, 2001; Melis and Argiolas, 1995). In fact, it has
been demonstrated that DA increases in the NAcc of male rats in an-
ticipation of gaining access to a sexually-receptive female and during
sexual behavior (Damsma et al., 1992; Pfaus and Phillips, 1991; Pleim
et al., 1990), indicating that steroid hormones are not the only ones that
regulate this behavior.

Nearly most of the works that has been studied sexual motivation
during copulatory interactions of rats, measure parameters such as at-
tention, persecution and mount latency, since are considered the most
common indicator of male sexual motivation (Melis and Argiolas,
1995). Recently, the sexual incentive motivation test (SIM) has often
been used, because it allows measure the sexual motivation in-
dependently of the copulatory interaction (Spiteri and Agmo, 2006).
This test evaluates approaching behaviors directed to a stimulus such as
a receptive female (sexual incentive) or a conspecific male (social in-
centive). Thus, when rats spend more time exploring the sexual in-
centive zone their actions are interpreted as indicator of the intensity of
sexual motivation, which has been correlated to the libido in humans
(Agmo, 1999; Agmo et al., 2004; Agmo and Ellingsen, 2003; Spiteri and
Agmo, 2006; Vega Matuszcyk et al., 1998). Using this paradigm, Agmo
et al. demonstrated that the administration of different doses of apo-
morphine (0.125, 0.25 and 0.5mg/kg) had no effect on the sexual
motivation of male rats, although subjects showed sluggish movements
after the highest doses (Agmo, 2003a). Nevertheless, lower doses of
apomorphine (5 pg/kg) increased copulatory behavior in ERa KO rats
(Wersinger and Rissman, 2000), and the administration of 100 ug of
apomorphine not only increased the frequency of mounts but also elicit
penile erection, and increased grooming in rats subjected to stress
(Niikura et al., 2002). In addition, doses of 25 and 50 pg of apomor-
phine decrease the intromission latency, indicating that lower doses
increase copulatory parameters as well as sexual motivation
(Guadarrama-Bazante et al., 2014). However, lower doses of apomor-
phine have not been evaluated using the SIM test. Likewise, the parti-
cipation of the hormonal regulation on the sexual motivation has also
investigated by mean the SIM test, showing that displaying sexual
motivation requires the simultaneous stimulation of androgen and es-
trogen receptors (Attila et al., 2010).

In humans, the decrease of sexual motivation is one of the main
problems associated to depression (Kennedy and Rizvi, 2009). In rats,
early exposure to clomipramine (CMI, a tricyclic antidepressant that
inhibits the reuptake of serotonin and noradrenaline) has been used as a
neurodevelopmental model for studying depression (Willner and
Mitchell, 2002) due to its ability to cause depressive-like symptoms
during adulthood (Feng and Ma, 2002; Justel et al., 2011; Vijayakumar
and Meti, 1999; Vogel et al., 1996, 1990). Furthermore, alterations in
sexual performance were observed in male rats exposed to CMI during
postnatal period, characterized by reduction in the number of mounts
and intromissions preceding ejaculation, decreasing in the frequency of
ejaculations and longer latencies of mounts, intromission and post-
ejaculatory intervals (Bonilla-Jaime et al., 1998; Neill et al., 1990;
Vogel et al., 1996). Besides, these rats did not only exhibit alteration in
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consummatory sexual behavior, but also in the motivational component
evaluated in SIM test. Nevertheless, these alterations were reverted
after the simultaneously administration of 17f-estradiol (E2) and 5-a-
dihydrotestosterone (DHT) (Bonilla-Jaime et al., 2003; Limén-Morales
et al., 2014a). Interestingly, no changes were observed in plasma DHT
and E2 concentration in rat early exposed to CMI (Limén-Morales et al.,
2014a), but it is possible that could disrupt normal estrogen expression
in structures involved in sexual motivation.

In addition, the synthesis and release of neurotransmitters is influ-
enced by E2 (Luine et al., 1997; Micevych et al., 1988), then changes in
the levels of E2 are reflected in the levels of neurotransmitters. It has
been also shown that administration of selective serotonin reuptake
inhibitors (SSRI) inhibits the aromatase enzyme, resulting in reduced
production of androgens and estrogens (Jacobsen et al., 2015). Thus,
we hypothesized that dopaminergic disruption is involved in the al-
teration of sexual behavior. Therefore, one of the objectives of this
study was to determined the effect of apomorphine on copulation and
sexual incentive motivation of male rats treated neonatally with CMIL.
Moreover, with the aim to know if these adverse effects on sexual be-
havior are result of the altered estrogenic regulation on brain struc-
tures, we determined the effect of the neonatal CMI on the levels of
mRNA ERa and ERP in NAcc and septum of these rats.

2. Materials and methods
2.1. Subjects

Rats were obtained from the vivarium of the Universidad Auténoma
Metropolitana, and all experiments were carried out in strict ac-
cordance with the Official Mexican Standards, NOM-062-ZO0-1999
(Agroalimentaria, n.d.) and the National Institute of Health Guide for
the Care and Use of Laboratory Animals (National Research Council
(US) Committee for the Update of the Guide for the Care and Use of
Laboratory Animals, 2011). The litters were obtained from 12 pregnant
Wistar rats. Three days after delivery, male pups were randomly cross-
fostered to maintain a uniform number of pups in each litter (n = 6
pups/mother) (Bonilla-Jaime et al., 1998; Neill et al., 1990; Vazquez-
Palacios et al., 2005; Vogel et al., 1988). The female pups were elimi-
nated from this study. The animals were housed according to treatment
(control or experimental), and all were kept on a 12 h light-dark cycle
(lights on at 9:00, off at 21:00h) with ad libitum access to food and
water. From neonatal days 8 to 21, the experimental group (CMI,
n = 32) received clomipramine (15 mg/kg body weight in 0.1ml saline
solution, s.c.), while the control pups (CTRL, n = 31) received vehicle
only (0.1 ml of saline solution, s.c.). The dose of CMI was chosen due to
its effectiveness in producing the behavioral and physiological ab-
normalities required by the study protocol (Bonilla-Jaime et al., 1998;
Hartley et al., 1990; Neill et al., 1990; Vazquez-Palacios et al., 2005;
Vogel et al.,, 1990). Pups were injected twice a day (9:00am and
18:00pm) while still with the mother. At 23 day of age, the pups were
weaned, randomly housed in groups of 6, and maintained under stan-
dard conditions.

At the age of 3 months, both groups were subjected to three tests of
male sexual behavior (MSB) to provide sexual experience. The groups
were then exposed to a basal sexual incentive motivation test (SIM).
Later, the animals from both groups were used in two experiments to:
A) evaluate the effect of apomorphine administration on sexual moti-
vation and, B) determine the levels of mRNA ERa and ERf} in the NAcc
and septum.

2.2. Experimental design

2.2.1. Experiment 1. Effect of apomorphine administration on sexual
motivation in CMI and CTRL male rats

This experiment was designed to stimulate and then revert the de-
crease of sexual motivation in rats exposed to neonatal treatment with
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CMI. Animals from both groups, CTRL and CMI, were randomly sub-
divided as follows: vehicle (n = 6); 0.025mg/kg apomorphine (n = 6);
0.05mg/kg apomorphine (n = 6); and 0.1 mg/kg apomorphine
(n = 6). The rats were subjected to the SIM test 15 min after adminis-
tration of apomorphine or saline i.p. (vehicle).

2.2.2. Experiment 2. Determination of the levels of mRNA ERa and ER in
the NAcc and septum of rats

A second experiment was conducted to analyze the effect of neo-
natal treatment with CMI on the expression of ERa and ERf receptors in
the NAcc and septum. After 3 tests of male sexual behavior to give the
rats sexual experience, animals from the CMI (n = 8) and CTRL (n = 7)
groups distinct from those used in experiment 1, were sacrificed by
decapitation. The NAcc and septum were then dissected to evaluate the
expression of the ERa and (3 receptors by RT-PCR.

2.3. Drugs

Clomipramine hydrochloride (Sigma-Aldrich, St Louis, MO, USA)
was dissolved in a freshly prepared 0.9% saline solution, and injected
subcutaneously at a volume of 0.1 ml/weight. Apomorphine (Sigma-
Aldrich, St Louis, MO, USA) was also dissolved in sterile 0.9% saline
solution and injected intraperitoneal at doses of 0.025, 0.05 and 0.1mg/
kg, 15 min before the SIM test.

2.4. Male sexual behavior test (MSB)

Males were tested for sexual behavior three times in order to induce
sexual experience and corroborate alterations of the copulatory para-
meters caused by neonatal administration of CMI. For this test, each
male rat was placed in a plexiglass arena (45 cm in diameter), allowing
5min exploration, and after this time a receptive female rat was in-
troduced as the stimulus. The female rats were made sexually receptive
by administering estradiol benzoate (Sigma Chemical Co., St. Louis,
MO, USA, at 10 ug/0.1 ml oil, SC) 48 h before the MDB test, and pro-
gesterone (Sigma Chemical Co., St. Louis, MO, USA, at 1 mg/0.1 ml oil,
SC) 4 h before testing. The MSB test lasted 30min and was performed
under dim red light 3h after the onset of the dark phase. The parameters
recorded during the tests were: latency to first mount; latency to first
intromission; latency to first ejaculation; number of mounts (mounts
with pelvic thrusting); and number of intromissions (mounts with
pelvic thrusting and penile insertion) during the first copulatory series.
Also, the ejaculation frequency (number of ejaculations during 30 min
of recording), and post-ejaculatory intervals (time between ejaculation
and the subsequent intromission) were registered. The intromission
ratio was calculated as follows: ratio between the number of in-
tromissions and mounts plus the number of intromissions. The full
description of male sexual behavior parameters has been detailed
elsewhere (Agmo, 1997).

2.5. Sexual incentive motivation test (SIM)

One week before SIM testing, all experimental males were famil-
iarized with the SIM arena during three 10-min sessions, separated by
48 h. During these sessions, the incentive animal cages were empty. The
arena was carefully washed with a 5% ethanol solution between sub-
jects during all sessions.

The experimental test consisted of two 10-min sessions (separated
by 48h) in which each male rat was placed manually in the center of the
arena under identical conditions to those of the familiarization assays,
except that one of the incentive animal cages contained a sexually-re-
ceptive female (sexual incentive), and the other an intact male (social
incentive). The position of the incentive animals was changed semi-
randomly during the sessions to balance any possible position pre-
ference. During the SIM test, researchers measured the time that the
male remained in the vicinity of each incentive cage and registered the
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time that the rat spent in each incentive zone, characterized by placing
its two anterior paws inside the area. Motivational scores were calcu-
lated by the following formula: (time with female) / (time with fe-
male + time with male). The SIM test was performed in a rectangular
arena (100 L X 50 W x 45 H cm). The floor and walls were made of
black acrylic with one opening (25 X 25cm) on each long side. An in-
centive animal cage (25 L x 15 W x 25 H cm) was attached behind
each opening. The front facing the arena was made of double wire mesh
(separation = 1 cm; mesh size = 12 X 12mm), so that the rats could
hear and smell the animal in the cage but could not have direct physical
contact. A virtual — “incentive” — zone that measured 29 X 21 cm was
defined in front of each incentive animal cage. Detailed descriptions of
this apparatus can be found elsewhere (Agmo, 2003b; Agmo et al.,
2004).

2.6. RNA extraction and RT-PCR

Sexual experienced male rats (tested three times in MSB) of both
treatments (CTRL and CMI) were euthanized by decapitation after the
last evaluation of MSB test. The brains of each animal were removed
and aseptically dissected at 4 °C. For this procedure, 0.3 g of tissue were
obtained from the NAcc and septum and washed with saline, before pre-
treatment with 1 ml of RNA (QIAGEN Science, Germantown, MD, USA)
for 24 h at room temperature. The tissues were stored at —70 °C until
analysis. Once thawed, the excess RNA was removed by adding 1 ml of
lysis reagent Quiazol to achieve homogenization. The extraction of total
RNA from the tissues was performed by the phenol-chloroform method.
The purity and integrity of the total RNA was analyzed with a Nano
Drop-2000 analyzer (Thermo Fisher), absorbance was measured at 260
and 280nm, and the absorbance ratio was 1.90 * 0.2. To confirm RNA
integrity, 1 ug was run in 1% agarose gel.

Using the ImProm II reverse transcription system (Promega,
Madison, WI, USA) two g of total RNA was reverse-transcripted in the
thermal cycler according to the provider's instructions (Applied
Biosystems Gene Amp PCR System 2700HT, Foster City, USA), using the
following cycle program: incubation for 5min at 25 °C and 55 min ex-
tension at 42 °C. The enzyme was inactivated at 70 °C for 15 min and,
finally, at 4°C for 5min. The cDNA obtained was amplified using
SYBER Green Master Mix technology (Roche Molecular Biochemicals,
Mannheim, Germany) containing 0.5nM of customized primers for ERa
and ERP (Table 1), fast star enzyme, PCR buffer, and 3.5mM MgCl,, for
a final volume of 10 pl. Reactions were evaluated in a LightCycler 2.0
real-time system (Roche Molecular Biochemicals) with 0.5mM of
primer (Table 1) under the following conditions: 40 cycles that included
denaturalization at 95 °C for 10s, alignment at 61 °C for 7 s, and am-
plification at 72°C for 10s. The identity and purity of the amplified
products were verified by electrophoresis with 2% agarose gel with a
molecular weight marker (100 bp DNA Ladder). The ACt values were
calculated as follows: Ct gene of interest — Ct reference gene, with
GAPDH as the reference gene.

2.7. Statistical analyses

The proportion of animals that displayed mounts, intromissions and
ejaculations was analyzed by a Chi-square test, while the effect of

Table 1
Gene sequence used as forward (F) and reverse (R) primers for RT-PCR.

Gene Sequence (F - sense/R - antisense) ~ Gene Bank Product size (bp)
GAPDH F - CCTGCACCACCAACTGC NM_017008.4 453 bp
R - CAATGCCAGCCCCAGCA
ER a F - TTCACACCAAAGCCTCGGG NM_012689.1 337 bp
R - TGCAGCAGCATCAGCGGA
ER B F - TCCCGGCAGCACCAGTAAC NM_012754.1 301 bp

R - CCCAGATGCATAATCGCTGC
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neonatal treatment with CMI on copulatory parameters (latency to the
first mount, intromission or ejaculation, number of mounts, number of
intromissions, ejaculation frequency, post-ejaculatory intervals and the
intromission ratio) and sexual motivation was evaluated using t-test.
The effect of apomorphine treatment on sexual motivation (i.e., time
spent in the sexual incentive zone, time spent in the social incentive
zone, and preference scores) was analyzed by two-way ANOVA using
the factors neonatal treatment (CMI, CTRL) and treatment with apo-
morphine (Veh, 0.025, 0.05 and 0.1 mg/kg). When p values
reached < 0.05, Student-Newman-Keuls post hoc test was used to de-
termine the source of significance. For the analysis of the expression of
mRNA ERa and ERf in the NAcc and septum we used t-test to compare
differences between the CMI and CTRL groups. Results are shown as
mean *+ standard error (SEM). All analyses were performed with the
SigmaPlot 10 pack (San José, CA, USA).

3. Results

3.1. Effect of neonatal treatment with CMI on copulation and sexual
incentive motivation (SIM)

The percentage of rats that displayed mounts, intromissions and
ejaculations on the third MSB test was affected by treatment with CML
Neonatal exposure to CMI reduced the percentage of rats that displayed
mounts (18%, x> = 13.88, p < 0.001), intromissions (18%,
x> =13.88, p =0.001) and ejaculations, compared to the animals
treated with saline only (10%, x? = 10.74, p = 0.001).

The copulatory parameters are shown in Table 2. Rats subjected to a
neonatal CMI showed an increase in the mount (t (30) = —3.73,
p = 0.001) and intromission latencies (t (28) = —6.17, p = 0.001)
compared to CTRL group. Moreover, only 2 of the 24 CMI rats reached
ejaculation in the 30 min of the third sexual behavior test.

Fig. 1 shows the effect of neonatal treatment with saline and CMI on
sexual incentive motivation in adult male rats. Motivation towards the
sexual incentive diminished in the CMI rats [t (46) = 3.38, p = 0.001],
but did not affect exploration in the social incentive zone [t
(46) = —0.63, p = 0.52]. Also, the rats exposed to early administration
of CMI had lower preference scores than those in the CTRL group (t
(46) = 2.38, p = 0.02).

Table 2
Male sexual behavior parameters on the third behavioral test.
Copulatory behavior CTRL CMI
LM 59.87 + 17.22 492.75 *= 200.62
n =24 n=3§8
LI 80.20 + 18.29 796.33 = 232.43
n =24 n==6
LE 809.31 = 102.69 854.50 = 144.50
n =22 n=2
PR 330.61 + 28.24 417 + 0
n=18 n=1
NM 11.00 = 1.77 19.00 = 10.00
n=22 n=2
NI 12.31 = 1.03 14.00 = 1.00
n =22 n=2
FE 2.00 = 0.19 1.50 + 0.50
n=22 n=2
IR 0.56 = 0.04 0.46 = 0.12
n =22 n=2

Neonatal CMI rats had longer latencies to perform mounts and intromissions
compared to control group. Data were presented as mean = SEM;. Data were
presented as mean *+ SEM. Abbreviations: EF = ejaculation frequency;
ML = mount latency; IL = intromission latency; EL = ejaculation latency;
NM = number of mounts; NI = number of intromissions; IR = intromission
ratio; PR = refractory period.

* t-Test, p < 0.05 compared to the CTRL group.
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Fig. 1. Effect of neonatal treatment with CMI on the SIM test in adult male rats.
CMI treatment early in life reduces the time spent in the sexual incentive area
and preference scores. t-Test, *p < 0.05 compared to the CTRL group. Data
presented as mean *+ SEM. Abbreviations: CTRL: control; CMI: clomipramine.

3.2. Effect of apomorphine on sexual motivation in CMI and CTRL male
rats

Fig. 2 presents the effect of the different doses of apomorphine on
the SIM test in both groups (CTRL and CMI). The two-way ANOVA
revealed that there were not statistical differences in the time spent in
the sexual incentive area [F( 40y = 0.99, p = 0.32, NS]. However, re-
sults do show differences among the different apomorphine treatments
[F(s,40) = 4.61, p = 0.007]. The post-hoc test indicated that, regardless
of group, the 0.1 mg/kg dose of apomorphine increased the time spent
in the sexual incentive zone, though the interaction group X apomor-
phine treatment was not significant [F(5 40y = 0.84, p = 0.47, NS]. The
analysis of time spent in the social incentive area indicated differences
between the CMI and CTRL groups [F(; 409y = 17.32, p = 0.001], as the
former spent more time exploring that zone. Regardless of group, the
0.05 mg/kg dose of apomorphine increased the time spent exploring the
social incentive zone [F(340) = 3.41, p = 0.026], compared to the ve-
hicle and the 0.025 and 0.1 mg/kg doses. The interaction
group X apomorphine treatment was not significant [F340) = 1.27,
p = 0.29, NS], but the analysis of preference scores indicated between-
group differences [F(; 40) = 8.13, p = 0.007], as the CMI subjects had
lower preference scores than CTRL group. We also found that, regard-
less of group, the 0.1 mg/kg dose of apomorphine increased preference
scores [F(s 40y = 3.20, p = 0.033, NS] compared to the vehicle and the
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Fig. 2. Effect of apomorphine on the SIM test in the CMI and CTRL rats. CMI
treatment early in life reduces the time spent in the sexual incentive area (A)
and in preference scores (C) at the dose of 0.1 mg/kg of apomorphine. Also, the
increase in the time spent in the social zone was observed at the 0.05 mg/kg
dose of apomorphine (B). Student-Newman-Keuls post hoc, *p < 0.05 com-
pared to the CTRL group; "p < 0.05 compared to Veh. Data presented as
mean + SEM. Abbreviations: CTRL: control; CMI: clomipramine.
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0.025 and 0.05 mg/kg doses. Interaction between factors was not sig-
nificant [F(3,40) =1.19, p= 0.32, NSI.

3.3. Effect of neonatal clomipramine administration on the expression of
ERa and ER in the NAcc and septum

Fig. 3 shows the results of ERa and ER} mRNA levels in the septum
and NAcc. In this case, early exposure to CMI induced a significant
increase in the expression of the mRNA of ERa [t (13) = —3531,
p = 0,004] and ERPB [t (13) = —4508, p = 0,001] in the septum
compared to CTRL group (panels a and b), though no modification in
the expression of the mRNA of ERa [t (11) = —0.08, p = 0.931] and
ERP [t (15) = —1.142, p = 0.271] was found in the NAcc, (panels c
and d).

4. Discussion

The present study corroborates earlier findings that postnatal ex-
posure to CMI decreases sexual behavior, as only a few of the rats ex-
posed to CMI displayed mounts, intromissions and ejaculations.
Furthermore, those rats had larger latencies to display mounting and
intromission behaviors and spent less time exploring the sexual in-
centive zone. Finally, their preference scores were lower. These results
are similar to those reported by other authors (Bonilla-Jaime et al.,
1998; Limén-Morales et al., 2014a; Neill et al., 1990; Vogel et al.,
1990). In contrast, neonatal administration of CMI did not affect the
time spent in the social incentive zone, a result that complements
findings from studies which reported that prenatal treatment with CMI
or Lu 10-134-C (SSRI) had no effect on social interaction (File and
Tucker, 1983; Hansen et al., 1997). It is important to mention that the
serotonergic system is one of the earliest monoaminergic systems to
appear during early brain development, and the one that plays an im-
portant role in such neuronal processes as proliferation, migration,
differentiation and synaptogenesis (Glover and Clinton, 2016; Hornung,
2003). Hence, pharmacological manipulation of this system during
gestation and postnatal stages can potentially cause disruptions in brain
structure, neuronal circuits and behaviors including sexual perfor-
mance. Thereby, the present study corroborates that neonatal admin-
istration of CMI causes a deterioration of the executory and motiva-
tional components of male sexual behavior, but does not affect such
social aspects as interaction with other male conspecifics.

Sexual behavior in rodents involves consummatory aspects that
include a series of movements (mounts, intromission and ejaculations)
that complete copulation. However, prior to consummation, the moti-
vational component of sexual behavior functions as an important guide
that leads the male to approach a receptive female in order to initiate
the display of the sexual repertory (Fabre-Nys et al., 2003; Hull and
Dominguez, 2007; Paredes and Vazquez, 1999). Motivation is regulated
by the mesocorticolimbic dopamine circuit, which gives a motivational
valence to stimuli with a biological meaning, including sexual behavior
(Everitt, 1990; Pfaus, 2009; Yoest et al., 2014). Therefore, sexual mo-
tivation involves all approaching behaviors towards a sexually re-
ceptive female (Agmo, 2011, 2003b). Moreover, it has been reported
that the odor of a receptive female increases extracellular DA in the
NAcc (Fujiwara and Chiba, 2018). Also, an increased in extracellular
DA in the mPOA was observed during precopulatory period as well as
copulatory displaying of animals (Hull et al., 1995). Thus, these circuits
are important for the association of sexual reward through the dis-
playing of a behavioral repertory such as copulation (Fujiwara and
Chiba, 2018; Hull and Dominguez, 2007).

In this study, three different doses of apomorphine (0.25, 0.05 and
0.1 mg/kg) were administered to both groups of rats (CTRL and CMI).
Results show that the 0.1 mg/kg dose increased the time spent in the
sexual incentive zone and preference scores in the CMI group, com-
pared to the animals treated only with vehicle. Other studies reported
that higher doses (0.125, 0.25 and 0.5mg/kg) of apomorphine did not
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Fig. 3. Levels of ERa and ER} mRNA in the septum and NAcc of CMI rats. The CMI rats had increased expression of ERa and ERB mRNA levels, but only in the
septum (a, b). No differences in the expression of mRNA of ERa and ERP were detected in the NAcc (c, d) t-test, *p < 0.05 compared to the CTRL group. Data

presented as mean = SEM. Abbreviations: CTRL: control; CMI: clomipramine.

affect sexual motivation and the rats so treated presented alterations in
their ambulatory activity (Agmo, 2003a). However, some others had
shown that intraperitoneal or subcutaneous administration of apo-
morphine (100 pg in 0.1 cc or 5ug/kg) not only activates copulatory
behavior but also elicits penile erections, increased genital grooming,
and restored copulatory behavior in stressed rats (Niikura et al., 2002;
Wersinger and Rissman, 2000). Consistent with this, lower doses of
apomorphine (25 and 100 um/kg) reduced intromission and ejaculation
latencies in both sexually experienced rats and young rats
(Guadarrama-Bazante et al., 2014). Moreover, Paglietti et al. (1978)
reported that doses of apomorphine of 25, 50 and 100 pg/kg, reduced
intromission latencies and the post ejaculatory interval in sexually ex-
perienced male rats (Paglietti et al., 1978). Our study, meanwhile,
found that a lower dose (0.1 mg/kg) of apomorphine was effective in
improving sexual motivation in both groups (CMI and CTRL), with a
greater effect on the control group. Thus, these data indicate that
apomorphine facilitates the copulatory and motivational components of
sexual behavior that were altered as a result of the postnatal treatment
with CMI

Likewise, E2 is important for displaying sexual behavior and moti-
vation; ER are well-distributed in the central nervous system (CNS),
specifically in the NAcc and septum, two structures involved in moti-
vational and emotional processes (Salgado and Kaplitt, 2015; Sheehan
et al., 2004). We evaluated whether exposure to treatment with clo-
mipramine in the postnatal period modifies the expression of ERa and
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ERp receptors. Results showed increase in the expression of mRNA of
ERa and ERp in the septum of CMI rats, with no observable changes of
expression in the NAcc. Even so, Chavez et al. (2010) analyzed the ef-
fect of E2 on dopaminergic and serotonergic regulation by measuring
its effects on the density of dopamine transporters (DAT), dopamine D,
and D, receptors, serotonin transporters (SERT), 5-HT;5 and 5-HToa
receptors using radioligand binding autoradiography. Results showed
that E2 treatment completely reversed the low DAT and increased D,
receptor density in NAcc induced by OVX rats to a lower level than
those observed in intact rats, without effecting the serotonergic system
(Chavez et al., 2010). In addition, E2 modulates DAT activity through a
phosphorylation-dependent alteration of dopamine D,/G protein cou-
pling (Thompson and Certain, 2005). We did not found modifications
on the expression of the mRNA of ERa and ERf in NAcc by neonatal
administration of CMI, which could indicate that even when the NAcc is
a structure involved in motivational process, the early treatment with
CMI did not affect the expression of both ER. On the other hand, lateral
septum contributes to female sexual behavior in an inhibitory manner
(Yamanouchi, 1997), while in males, the lesion of LS and dorsal raphe
nucleus increases the behavior of lordosis (Kakeyama and Yamanouchi,
1993; Nance et al., 1975), suggesting that E2 releases inhibition on LS,
unlike males, that inhibition in male LS may not be released by the
direct action of estrogen (Satou and Yamanouchi, 1999).

In this case, CMI is a serotonin reuptake inhibitor and in a minor
way a noradrenaline reuptake inhibitor, and alterations in the
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serotonergic and noradrenergic systems have been reported in frontal
cortex, hippocampus, raphe nucleus, septum and hypothalamus of rats
exposed to CMI in neonatal period (Limoén-Morales et al., 2014b;
Vijayakumar and Meti, 1999). Similarly, the early administration of
CMI affects the density of ER only in the septum, altering the inhibitory
effect of this structure, by both, altering the adequate processing of the
stimuli emitted by the receptive female in the incentive sexual moti-
vation test so that they presented less time in the incentive zone and
lower preference. The NAcc participates in the adequate processing and
allocation of incentive value of the stimuli emitted by non-accessible
females and it has been shown that DA levels increases in this structure
in the presence of only receptive females (Liu et al., 1998); and that the
presence of additional proximal stimulation during copulation may
overcome the deficit induced by DA depletions or lesion in NAcc (Liu
et al., 1998), effect that was observed with the administration of apo-
morphine in the CMI rats. Therefore, it is possible that the alterations in
sexual motivation in CMI rats were induced by the neonatal stage
manipulation of serotonergic system that modifies the expression of
both a and P ER, in the septum, although some studies in fish and
rodents show that fluoxetine (FLX), a SSRI, disrupts reproductive
functions by reducing the expression of ER in the hypothalamus and
also can act as an agonist (Mennigen et al., 2017, 2008; Miiller et al.,
2012).

Furthermore, the administration of CMI in postnatal days is also
considered as a development animal model for studying depression. In
this aspect, some studies have reported that depression may be ac-
companied by an alteration in the expression of ER in different brain
areas (Ostlund et al., 2003; Perlman et al., 2004); e.g., the increase of
mRNA ERa in the hippocampus and dorsolateral prefrontal cortex in
depressed patients, with a decrease in the mRNA of ERa in the baso-
lateral amygdala (Perlman et al., 2005, 2004). Moreover, animal
models of depression have shown a decrease in the expression of ERa
and ERp in the amygdala, hippocampus and prefrontal cortex in rodents
subjected to chronic but unpredictable mild stress (Sharma and Thakur,
2015), while lower ERa expression levels in the amygdala were de-
tected in Flinders Sensitive Line rats (Osterlund et al., 1999). In our
results we observed an increased in mRNA of ERa and ERp in septum, a
structure involved in regulation of emotional stated and motivation
(Sheehan et al., 2004). Then, all these data indicate that alterations of
ER mRNA levels occur during depressive states in different brain, in-
cluding septum.

In addition, a previous study showed that neonatal treatment with
CMI did not affect plasma DHT and E2 concentrations, but decreased
the copulatory parameters and the motivational component of sexual
behavior, though these alterations were reverted by peripheral ad-
ministration of E2 plus DHT (Limén-Morales et al., 2014a). At this time,
there is no evidence of effects on cerebral DHT and E2 concentrations in
rats with long-term alterations of sexual behavior caused by neonatal
administration of CMI. It may be that brain testosterone and estradiol
concentrations in these rats were affected by the early pharmacological
manipulation of the serotonergic system, and that the absence of this
hormone generated up-regulation of ER expression in the septum. This
suggests that the serotonergic system is important for the adequate
development of reproductive circuits in the brain, including ER. Con-
sistent with this, the destruction of serotonergic neurons in the dorsal
raphe increased the expression of ERa in the hypothalamus, indicating
that the serotonergic neurons in the dorsal raphe nucleus exert an in-
hibitory function on ERa expression (Ito et al., 2014). Also, adminis-
tration of SSRI inhibits the aromatase enzyme, resulting in reduced
production of androgens and estrogens (Jacobsen et al., 2015). How-
ever, no information exists about the effect of early exposure to anti-
depressants on ER expression in the cerebral structures involved in
regulating sexual behavior. In fact, our results show — for the first time —
that neonatal treatment with CMI alters the expression of ERa and ER3
in the septum.

In conclusion, neonatal treatment with CMI altered consummatory
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behavior and reduced incentive sexual motivation. However, adminis-
tration of low doses of apomorphine restored sexual motivation. Also,
rats exposed to neonatal CMI treatment displayed up regulation of ERa
and ERJ in the septum, perhaps due to lower cerebral estradiol levels.
These data suggest that decreased sexual motivation and execution of
male rats treated with CMI in the neonatal period, could be result of an
altered dopaminergic regulation, or the increased expression of mRNA
ERa and ERP in the septum, which probably reduced the capacity of the
adult male rats to adequately process the sexual stimuli emitted for the
receptive female in the SIM test. Nevertheless, the evaluation of ER in
other brain structures involved in the regulation of male sexual beha-
vior could be one of the limitations of the study.
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