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First sexual experiences determine the development
of conditioned ejaculatory preference in male rats
Gonzalo R. Quintana, Andrés Guizar, Sarah Rassi, and James G. Pfaus
CSBN/Psychology, Concordia University, Montréal, Quebec H4B 1R6, Canada

We have shown previously that male rats develop a conditioned ejaculatory preference (CEP) for females scented with a
neutral odor like almond or lemon that is paired with the male’s post-ejaculatory reward state during their first and sub-
sequent early sexual experiences. However, preexposing males to the neutral odor alone prior to its pairing with sexual
reward results in latent inhibition. Here, we examined the phenomenon of unconditioned stimulus (US) preexposure, in
which male rats were preexposed to the ejaculatory reward state either one or five times with scented (ScF) versus unscented
(UnScF) females prior to multiple ejaculatory trials with females in the opposite condition (e.g., ScF preexposure received 10
subsequent ejaculatory trials with UnScF, whereas UnScF preexposure received 10 subsequent ejaculatory trials with ScF).
As before, mate and partner preference was evaluated in an open field where each male had access to two females, one ScF
and the other UnScF. Males that underwent five trials of preexposure did not display a CEP for either female. Conversely,
males preexposed once to a ScF, and later trained with UnScF developed a preference for the latter, whereas males preex-
posed once to the UnScF, and then trained with ScF did not show a preference for any of the females. Subsequent exposure
to the odor cue alone revealed different patterns of brain activation in areas related to sexual behavior that depended on the
animal’s group membership. Altogether, these findings demonstrate the pivotal role of first sexual experiences in the estab-
lishment of future sexual partner preference in the male rat, and suggest an innate preference for estrous odors over neutral
odors that can become conditioned subsequently as predictors of sexual reward.

There are many cues that naturally and instinctively drive animals
toward conspecifics, especially when attempting to recognize a
sexually receptive partner. For example, female rats spend more
time among gonadally intact males compared to castrated males
(e.g., Gilman andWestbrook 1978). Likewise,male rats are natural-
ly driven toward odors from sexually receptive versus nonreceptive
females (e.g., Bakker et al. 1996). These cues appear to be hard-
wired and driven by hormonally mediated neural systems within
certain hypothalamic and limbic structures (see Pfaus et al. 2003;
Pfaus 2009). However, the importance of these cues tends to
diminish after baseline rates of sexual responding have been
achieved. For example, male rats spend more time in olfactory
investigation of sexually receptive females during their first sexual
experiencewith them compared to subsequent experiences (Kagan
and Beach 1953; Carr et al. 1962; Stern 1970; Pfaus et al. 2001).
Habituation appears to develop in male rats to natural sex odors
from familiar females (Carr et al. 1970), although presentingmales
with novel females can result in the reinitiation of anogenital in-
vestigation of the female (Carr et al. 1970; Stern 1970). Similarly,
although presenting male rats with a different receptive female
during each multiejaculatory test results in a precipitous decline
in anogenital investigations prior to the initiation of copulation,
subsequent presentation of sexually nonreceptive females results
in a vigorous reinitiation of anogenital investigations (Pfaus and
Pinel 1989).

Animals are also equipped with associative learning mecha-
nisms that allow them to predict and enact biologically relevant
changes in their internal state from environmental cues. These as-
sociations are formed by Pavlovian conditioning contingencies
(e.g., Rescorla and Wagner 1972) in which neutral cues that be-
come conditioned stimuli (CSs), like neutral odors, acquire associ-

ative strength after being paired with biologically relevant cues, or
unconditioned stimuli (USs), like the sexual arousal and reward
states induced before and after ejaculation, respectively (Zamble
et al. 1986; Kippin and Pfaus 2001a; Tenk et al. 2009). For instance,
male Japanese quails associated a CS more readily when they had
access to copulate with a receptive female than when they were
only exposed to it (Holloway and Domjan 1993). Furthermore,
male rats have been shown to develop a conditioned ejaculatory
preference (CEP) toward females bearing a neutral odor like al-
mond or lemon that has been associated previously with the post-
ejaculatory reward state (e.g., Kippin et al. 1998; Kippin and Pfaus
2001a) However, given that the procedure to develop a CEP re-
quires several training trials, the changes that could possibly occur
during first sexual experiences and their effects on a subsequent
trained CEP are buried in the subsequent trials. Consequently,
the impact of first sexual experiences on the development of CEP
remains largely unexplored, although blocking opioid transmis-
sion by systemic treatmentwith the opioid receptor antagonist nal-
oxone during training can block the formation of both CEP (Ismail
et al. 2009) and sexually conditioned place preference (Ågmo and
Berenfeld 1990; Mehrara and Baum 1990).

The impact of the first exposure to a US on the subsequent
ability to associate a neutral stimulus with the US, phenomenon
known as US preexposure, results in a great retardation or outright
blocking of the establishment of a CR if a CS is paired with the US
in a context in which the animal was previously exposed to the US
alone (e.g., Randich and LoLordo 1979). Significant US preexpo-
sure effects have been demonstrated for conditioned taste
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aversions (e.g., Clasen et al. 2017) and conditioned fear (e.g.,
Frankland et al. 2004), but not learned immunosuppression
(Lueckemann et al. 2016). As an early example, Taylor (1956) con-
ditioned the blinking response of human participants using an air
puff signaled by a light. Before training, one group received several
presentations of the air puff in three different intensities to the cor-
nea of their eyes without the light. The number of eye-blink re-
sponses was greater in the group that was not preexposed to the
air puff, whereas in the preexposed group the number of eye-blink
responseswas in an indirect correlationwith the intensity of the air
puff during the preexposure phase. Two hypotheses have been of-
fered to explain this phenomenon, one associative and the other
nonassociative. The former proposes that the US preexposure ef-
fect is due primarily to an association between the US and cues
in the context in which the initial US preexposure takes place prior
to training. The contextual cues trainedwith the initial exposure to
the US blocks the subsequent association of other potential CSs
trained in that context (e.g., Rescorla and Wagner 1972; Randich
and LoLordo 1979). The latter claims that by preexposing the US,
there is a reduction in the initial emotional reactivity of the ani-
mal’s response due to general habituation that reduces the salience
of theUS, and thereby attenuates subsequent excitatory condition-
ing (e.g., Rankin et al. 2009). In terms of the sexual reward state in-
duced by ejaculation in male rats, the associative explanation
predicts that contextual cues associated with the first experience
(s) of copulation and ejaculation (or other rewarding aspects of
sexual interaction with a female) would come to block subsequent
attempts to associate a discrete cue, such as a neutral odor, with
the ejaculatory reward state. Alternatively, the nonassociative
hypothesis would predict that the emotional quality of repeated
ejaculations in the same context decreases after the first several ex-
periences, thus driving down the associative strength conferred
from the US to the CS as a predictor.

Previously, we assessed if preexposure to the neutral odor (al-
mond) used as the CS in the development of CEP could alter
conditioning via latent inhibition (Quintana et al. 2018). Males
were preexposed to a neutral odor (almond) either one or five times
before they were trained to develop a CEP based on that odor cue.
As in our previous studies, mate and partner preferences were eval-
uated through an open-field test, where males had access to two
sexually receptive females, one scented and another unscented.
Males that had been given five trials with the odor alone and sub-
sequently trained to develop CEP based on the odor did not show a
preference for either female, whereas males exposed only one time
showed a preference for the scented female. After two recondi-
tioning trials were given after the open-field test, the odor alone
was presented to the males in the different groups and its ability
to activate cellular Fos protein (a marker of neuronal activation)
in different brain regions was examined. A significantly greater
activation of Fos in the group given one CS preexposure trial in
the medial preoptic area (mPOA), ventral tegmental area (VTA),
and nucleus accumbens core (NAcCore) relative to the group given
five CS preexposure trials was found. In contrast, the group
with one CS preexposure had smaller numbers of Fos-positive cells
compared to a paired control group in the basolateral amygdala
(BLA) and NAc Core and NAc shell (NAc Shell), all of which are a
subset of the general pathway that underlies olfactory partner pref-
erence conditioning in both male and female rats (Pfaus et al.
2010).

The present study sought to evaluate whether US preexposure
would block the subsequent conditioning of CEP in male rats.
Sexually naïve male rats were given either one or five sexual expe-
riences to one ejaculation each with either sexually receptive fe-
males scented with a neutral almond odor (ScF) or left unscented
(UnScF). Subsequently, males were given another 10 tests of sexual
behavior with ScF if they were preexposed to an UnScF, or vice ver-

sa, after which CEP and other sexual partner preferences were as-
sessed in a large open field with two receptive females, one ScF
and one UnScF. As in our previous study, following two recondi-
tioning trials each male was exposed to the almond odor alone
for an hour to assess the ability of the CS to activate Fos.

Materials and Methods

Subjects

Males

Ninety-two Long-Evans rats were sexually naïve and weighing
∼250 g at the beginning of the experiment. They were housed in
groups of four and two in Plexiglas cages with ad lib access to water
and food (Purina Rat Chow). Males were obtained from Charles
River Canada (St-Constant, QC, Canada) and kept in a 12 h.
reversed light–dark cycle in a room at 21°C.

Females

One-hundred and twenty Long-Evans rats sexually naïve and
weighing∼200 g at the beginning of the experimentwere obtained
from the same distributor and housed in pairs in the same condi-
tions as males. Females were ovariectomized via bilateral lumbar
incisions under ketamine (50 mg/mL)/xylazine (4 mg/mL) anes-
thesia, mixed at a ratio of 4:3, respectively, approximately 2 wk be-
fore the beginning of the experiment. Sexual receptivity was
induced by subcutaneous injections of 10 µg estradiol benzoate
(Steraloids, injected sc in 0.1 mL of sesame oil) 48 h prior each
training session, and 500 µg of progesterone (Steraloids, injected
sc in 0.1 mL of sesame oil) 4 h prior to each training session.
Stimulus females were scented with 0.6 mL of pure almond extract
(Blue Ribbon), split equally in the back of their neck and anogen-
ital region. Different females were assigned to eachmale randomly
for every training session.

Apparatus

All conditioning sessions were conducted in Plexiglas unilevel pac-
ing chambers (38×60×38 cm) with bedded floors and bisected by
a transparent Plexiglas divider with one-hole large enough for the
female to cross but not the male, as it has been previously found
that pacing copulationwheremales have restricted access to a fam-
ily facilitates the development of a CEP (Ismail et al. 2009). The
cage bedding was not changed between conditioning sessions,
and animals trained with ScF were trained in separate cages and
rooms from the ones trainedwithUnScF. The final copulatory pref-
erence test took place in a large open field (123×123×46 cm) filled
with clean bedding. All sessions were recorded and subsequently
scored with using a behavioral scoring program (Cabilio 1996)
that counted frequencies and latencies of individual sexual behav-
iors (e.g., mounts, intromissions, and ejaculations; as in Sachs and
Barfield 1976; Pfaus et al. 1990; Meisel and Sachs 1995).

Procedure
The common procedure of the experiment is depicted in Figure 1.

Groups

Males were assigned and equally divided into one of three main
groups (see Table 1): five trials of US preexposure (5t), one trial of
preexposure (1t), or control groups. During preexposure phase,
males in the 5t group copulated five times with receptive females,
whereas males in the 1t copulated only once. For this part of the
experiment, half of the males in the 1t and 5t copulated with
ScF, whereas the other half of males in 5t and 1t copulated with
UnScF. Subsequently, during the training trials, males copulated
with the opposite female assigned during the preexposure phase.
Males in the control group were trained with either ScF or UnScF,
only.

First sexual experiences and US preexposure
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Context preexposure

All animals were exposedfive times to the chamber in a 4-d interval
for ∼30 min prior to the preexposure phase (or prior to condition-
ing in the case of the control groups), in order to habituate them to
the training environment, as it has been shown that a novel envi-
ronment disrupts copulation in sexually naïve rats (Pfaus and
Wilkins 1995).

US preexposure

Preexposure trials consisted of each male copulating in an unilevel
pacing chamber with one-hole divider with a receptive female
scented or unscented (depending their group), until the first intro-
mission after the first ejaculation.

Conditioning

Following the preexposure phase, all animals were trained to
develop a CEP for a sexually receptive female with or without bear-
ing an almond odor (depending on the group), using a similar pro-
tocol to the one described in Kippin and Pfaus (2001b). Rats were
trained with ScF or UnScF for 10 conditioning sessions at 4-d inter-
vals during the middle third of the dark phase of the light–dark
cycle.

Depending on which type of female the males were preex-
posed to, half of the animals of each of those groups were given
10 subsequent trials with the other type of female (ScF for the
males preexposed to UnScF, or UnScF for the males preexposed
with ScF; see Table 1).

During each conditioning trial males were placed into the
unilevel pacing chamber for 5min, after which a sexually receptive
female was placed into the chamber to copulate freely with the
male. Trials were terminated when the male mounted or intromit-
ted with the female after the refractory period that followed the
first ejaculation.

Copulatory preference test

Four days after the last conditioning trial,
eachmale was placed in a large open-field
(123×123×46 cm) covered with Beta
Chip bedding and allowed to explore for
5 min. Subsequently, two females (ScF
and UnScF, randomly assigned) were
placed into the open field simultane-
ously, both equally distant from the
male, and were allowed to copulate for
30 min. The test was video recorded and
scored subsequently for the choice of fe-
male for mounts, intromissions, and
ejaculations.

Perfusion

Following the preference test, males were
given two reconditioning trials, after
which they were exposed for 45 min to
1mLof the almond odor alone on a gauze

pad on the other side of the pacing chamber with the divider.
Subsequently, males were injected with euthanyl (120 mg/kg,
i.p.) and perfused intracardially with 250 mL of phosphate buff-
ered saline followed by 250 mL of 4% paraformaldehyde. Brains
were extracted and post-fixed in 4% paraformaldehyde for 4 h, to
be later on stored for 36 h in a 30% sucrose solution. Finally, the
brains were frozen, covered in aluminum foil and stored at −80°C.

Fos immunohistochemistry

This analysis was performed as in previous studies (e.g., Kippin
et al. 2003). Coronal brain sections were incubated sequentially
with 30% w/w hydrogen peroxide (H2O2) in Tris-buffered saline
(TBS) for 30 min at room temperature, 3% normal goat serum
(NGS) in 0.05% Triton TBS for 90 min at 4°C, rabbit polyclonal
anti-Fos (Oncogene Science; diluted 1:75,000) in 0.05% Triton
TBS with 3% NGS for 72 h at 4°C, biotinylated goat anti-rabbit
IgG (Vector Laboratories 1:200) in 0.05% Triton TBS with 3%
NGS for 1 h at 4°C, and avidin-biotinylated–peroxidase complex
(Vectastain Elite ABC Kit, Vector Laboratories; diluted 1:55) for
2 h at 4°C. Sections were washed in TBS (35 min) between each in-
cubation. Immunoreactions were stained by sequential treatments
at room temperature with 50-mM Tris for 10 min, 3,3′-diamino-
benzidine (DAB) in 50-mM Tris (0.1 mL of DAB/Tris buffer, pH
7.8) for 10 min, DAB/3% H2O2 in 50-mM Tris for 10 min, and
8% nickel chloride (400 µL per 100 mL of DAB/Tris buffer H2O2).
Sections were mounted on gel-coated slides and allowed to dry,
then dehydrated, cleared in Hemo-D, coverslipped and examined
under a microscope. Brain sections were examined at 40×, and
the number of Fos-positive cells was counted bilaterally from
each region from five different sections per rat (Leitz Microscope)
using a computerized image-analysis system (ImageJ).

Brain regions related to sexual behavior and CEP were ob-
served for Fos-IR to evaluate the neural activation evoked by the
odor cue used during training. The regions examined were similar
to those in Kippin et al. (2003), and were defined using the borders
in Paxinos and Watson (1998) including the \mPOA (−0.35 mm
from bregma), nucleus accumbens shell and core (NAc Shell and
NAc Core, respectively, 1.65 mm from bregma), VTA (−6.04 mm
from bregma), central nucleus of the amygdala (CeA, −2.80 mm
from bregma) and the basolateral nucleus of the amygdala (BLA,
−2.80mm frombregma). An average of Fos-positive cells was calcu-
lated from three different slides from each rat (five subjects in each
group), for each brain area.

Statistical analyses
A series of mixed design, between-within repeated-measures
ANOVAs were conducted separately for each copulatory measure
(mounts, intromissions, ejaculation, and latency to the first ejacu-
lation), displayed among males in the four training groups (1t, 5t,
Control ScF, and Control UnScF) with the two receptive females

Figure 1. General experimental procedure.

Table 1. Preexposure and training group distribution

Group

Type of female

Preexposure Training

Control - ScF
- UnScF

5t ScF UnScF
UnScF ScF

1t ScF UnScF
UnScF ScF

First sexual experiences and US preexposure
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(ScF or UnScF) on the final open-field test. For each significant
ANOVA, post hoc compassions of the means were made using
the Tukey HSD correction to ensure to ensure maximal statistical
power while correcting for family-wise error. Furthermore, partial
eta square (h2

p ) was calculated as effect size for each comparison.
Additionally, a 1 ×2 chi square (χ2) analysis was conducted
for the percentage of first ejaculation choice for each group, and
a 2×2 χ2 analysis to contrast the ejaculatory preference between
the control groups. Furthermore, Cramer’sV and Phi (ϕ) effect sizes
were conducted as effect size for the 1× 2 and 2×2 χ2 analyses,
respectively.

For the Fos-IR results, the mean of Fos-IR-positive cells for
each brain area was compared separately among the experimental
groups using independent samples t-test with a Bonferroni correc-
tion of the alpha level to control for the family-wise error (Miller
1966). Since four comparisons were conducted within each brain
area, the α level was set at 0.0125 (0.05/4=0.0125) for statistically
significant differences. Only in the comparisons between the con-
trol groups, the α level was kept at 0.05, since those independent t
tests compared only two groups. Cohen’s d effect size statistics
were also calculated as a measure of effect size. The following
comparisons between groups were conducted for each brain
area of interest: 5t ScF versus 1t ScF, 5t UnScF versus 1t UnScF,
5t ScF versus 5t UnScF, 1t ScF versus 1t UnScF, and ScF control
versus UnScF control. The latter comparisons were run separately.

Results
Behavioral analysis
Four males were not included in the final statistical analyses since
they did not copulate in the open-field test. Although five min of
exploration in the open field have previously been used effectively
as a period of acclimation for males before the open-field test (e.g.,
Kippin and Pfaus 2001b), it is believed that natural differences in
novelty aversion vary in such ways that some animals are affected

more than others, and likely show fear responses (such as hugging
the walls of an open field) as we observed.

The scores for the different copulatory behavior by female for
all groupsduring theopen-field test are shown inFigure2.Malesdid
not display consistent differences for the distribution ofmounts or
intromissions between the females amonggroups. The reliabilityof
these observationswas corroborated by two independent 6 (Group:
1tUnScF, 5tUnScF,1t ScF, 5t ScF,ControlScF, andControlUnScF) ×
2(Female: ScF, UnScF) repeated-measure ANOVA. No statistically
significant interaction between Female ×Group was found for
mounts, F(5,86) = 0.609, P=0.693, h2

p = 0.034; nor for intromis-
sions, F(5,86) = 1.524, P=0.191, h2

p = 0.081.
As shownonpanels C andDof Figure 2, the control and the 1t

trained with UnScF groups appeared to take less time to ejaculate
first with the female they were trained with and chose to ejaculate
more with her. The reliability of these observations was partially
confirmed by two independent 6 (Group: UnScF 1t, UnScF 5t,
ScF 1t, ScF 5t, Control ScF, and Control UnScF) × 2(Female: ScF,
UnScF) repeated-measure ANOVAs. On one hand, no statistically
significant interaction between Female ×Group was found for
the latency of first ejaculation mean, F(5,86) = 1.796, P=0.122,
h2
p = 0.095. However, a significant interaction between Female ×

Group was found for the mean of ejaculations, F(5,86) = 3.173, P=
0.011, h2

p = 0.156. Post hoc comparisons using the Tukey HSD cor-
rection revealed that the control UnScF group displayed a statisti-
cally significantly higher mean ejaculation toward the UnScF (M
=2.19) than to the ScF (M=0.688, P<0.05, h2

p = 0.109), whereas
the ScF control displayed a statistically marginally higher mean
of ejaculations toward the ScF (M=1.63) than to the UnScF (M=
1.06, P<0.1, h2

p = 0.035). Also, the 1t group preexposed to ScF
and later on trained with UnScF displayed a statistically signifi-
cantly higher mean ejaculation toward the UnScF (M=1.94) than
the ScF (M=1.0, P<0.05, h2

p = 0.046).

A B

C D

Figure 2. Mean of copulatory behaviors (±SEM) per group during the open-field test. (†) P<0.01; (*) P<0.05; h2
p = partial eta square.
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The percentage of males that chose ScF or UnScF for their first
ejaculation is shown in Figure 3.Males in both 5t groups and in the
1t UnScF group and later on trainedwith ScF, did not show a signif-
icant choice for first ejaculation for either of the females. However,
males in ScF 1t group and later on trained with UnScF and both
control groups chose to ejaculate first with the female they were
training with. These observations were partially confirmed by χ2

analyses. No significant differences were found in percentage of
first ejaculation choice for the UnScF 5t group trained with ScF
group, χ2(1) = 0.25, P=0.617, V=0.125; nor for the ScF 5t group
trained with UnScF, χ2(1) = 0.25, P= 0.617, V=0.125; neither for
the UnScF 1t trained with ScF, χ2(1) = 0, P>0.9, V=0. However,
statistically significant differences were found in the control
UnScF group, χ2(1) = 4.0, P= 0.046,V= 0.5; yet no significant differ-
ences were found for the ScF 1t trained with UnScF group, χ2(1) =
2.25, P=0.134, V=0.375; nor on the Control ScF, χ2(1) = 1, P=
0.317, V=0.25. However, the effect sizes demonstrated a clear
trend for the latter two. Furthermore, a 2 ×2 χ² analysis between
the two control groups revealed that, overall, they statistically sig-
nificantly preferred different females to ejaculate first with, χ2(1) =
4.571, P=0.033, ϕ=0.315.

Fos-IR
Figures 4 and 5 show an example of the Fos-IR in each of the brain
area of interest for each of the groups. Table 2 displays the mean
Fos-IR-positive cell numbers (±SEM) for each group in the brain ar-
eas of interest. As shown in Figure 4, following exposure to the odor
cue in the group ofmales preexposed to UnScF and later on trained
with ScF, both 5t and 1t groups had a lower Fos-IR activation than
the ScF control group in the NAc Core and Shell, VTA, and BLA;
whereas only the latter had a higher Fos-IR activation in the
mPOA than the ScF control group. As shown in Figure 5, following
exposure to the odor cue in the group of males preexposed to ScF
and later on trained with UnScF, the 1t group had a higher
Fos-IR activation than the 5t group in the mPOA, BLA, and CeA,
whereas only in the CeA did the 1t group have a higher Fos-IR ac-
tivation than the ScF control group. The reliability of these obser-
vations was partially confirmed by t-test with a Bonferroni
correction and d effect sizes.

mPOA

Males in the 5t ScF group had a statistically significantly lower
Fos-IR than the 1t ScF group, t(8) =−5.28, P<0.01, d=7.462, where-
as no statistically significant differences were found betweenmales
from the 5t UnScF compared to males in the 1t UnScF group, t(8) =

0.765, P>0.05, d=1.082. No statistically significant differences
were found comparing males in the 5t ScF versus 5t UnScF, al-
though the effect size revealed a difference of a high magnitude,
t(8) =−1.577, P>0.05, d=2.23; nor for males from the 1t ScF versus
1t UnScF groups, t(8) =−1.12, P>0.05, d=1.585.

VTA

No statistically significant differenceswere foundbetweenmales in
the 5t UnScF group compared tomales in the 1t UnScF group, t(8) =
−0.13, P> 0.05, d= 0.182; nor did males in the 5t ScF compared to
males in the 1t ScF group, although the effect size revealed a differ-
ence of a highmagnitude, t(8) =−2.26, P=0.053, d=3.207.Males in
the 5t UnScF group had a statistically marginally higher Fos-IR
than the 5t ScF group, t(8) =−2.76, P=0.024, d=3.913; whereas
no statistically significant differences were found comparingmales
from the 1t ScF versus 1t UnScF groups, t(8) = 1.31, P>0.05, d=
1.519.

NAc shell

No statistically significant differences were found comparing
males in the 5t ScF versus 1t ScF, t(8) = 1.22, P> 0.05, d=0.502;
nor for males from the 5t UnScF versus 1t UnScF groups, t(8) =
1.55, P>0.05, d=0.059.Males in the 5t ScF group had a statistically
significantly higher Fos-IR than the 5t UnScF group, t(8) = 3.27, P<
0.01, d=4.631; just likemales in the 1t ScF group had a statistically
significantly higher Fos-IR than the 1t UnScF group, t(8) = 5.67, P<
0.001, d=4.161.

NAc core

No statistically significant differenceswere found comparingmales
in the 5t ScF versus 1t ScF, t(8) =−0.35, P>0.05, d=1.727; nor for
males from the 5t UnScF versus 1t UnScF groups, t(8) = 0.04, P>
0.05, d=1.637. Males in the 5t ScF group had a statistically signifi-
cantly higher Fos-IR than the 5t UnScF group, t(8) = 3.28, P<0.01, d
=4.643; whereas males in the 1t ScF group had a statistically signif-
icantly higher Fos-IR than the 1t UnScF group, t(8) = 2.94, P=
0.0185, d=8.031.

BLA

No statistically significant differenceswere found comparingmales
in the 5t ScF versus 1t ScF, t(8) =−1.6, P>0.05, d=0; males from the
5t UnScF versus 1t UnScF groups, t(8) =−0.01, P> 0.05, d=2.257;
males in the 5t ScF versus 5t UnScF, t(8) = 0.2, P>0.05, d=0.287;
nor between males from the 1t ScF versus 1t UnScF groups, t(8) =
−1.4, P>0.05, d=1.986.

CeA

Males in the 5t ScF group had a statistically significantly lower
Fos-IR than the 1t ScF group, t(8) =−6.07, P<0.001, d= 8.589;
whereas no statistically significant differences were found compar-
ing males from the 5t UnScF versus 1t UnScF groups, t(8) = 1.25, P>
0.05, d= 1.772. No statistically significant differences were found
comparing males in the 5t ScF versus 5t UnScF, t(8) =−0.69, P>
0.05, d=0.985; whereasmales in the 1t ScF group had a statistically
significantly higher Fos-IR than the 1t UnScF group, t(8) = 6.15, P<
0.001, d=8.714.

As shown in Table 2, following exposure to the odor cue,
males in the ScF control group had a higher mean of Fos-IR than
the UnScF control group in all brain areas, except in the CeA.
The reliability of these observations was partially confirmed by
an independent t-test and d effect sizes.

In the mPOA, males in the ScF control group had a statisti-
cally marginally higher Fos-IR than the UnScF group, although

Figure 3. Percentage of first ejaculation choice per group during the
open-field test. (*) P<0.05; V=Cramer’s V; ϕ=phi.
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the effect size revealed a difference of a high magnitude, t(8) =
1.99, P=0.08, d=1.18. In the NAc Shell, males in the ScF control
group had a statistically significantly higher Fos-IR than the
UnScF group, t(8) = 3.11, P<0.01, d=4.392. In the CeA, males in
the ScF control group had a statistically significantly lower
Fos-IR than the UnScF group, t(8) =−4.56, P< 0.001, d=3.823.
No statistically significant differences were found in any other
area, Ps < 0.05.

Discussion
The present study evaluated the impact of
US preexposure on the development of
CEP in themale rat.Males that were given
five sexual experiences with females prior
to training (with or without the odor) did
not develop a CEP for the subsequently
familiar female. Furthermore, the same
disruption was found even when only
one trial of preexposure was given, but
only when the female was not bearing
an odor. If the female was scented then
males developed a CEP for the female
they were trained with. The Fos-IR analy-
ses demonstrated a differential pattern of
neural activation regarding the amount
of preexposure and the type of female
with whom the males underwent the
training phase. When compared to the
ScF control group, these patterns argue
for a differential role on the CS–US associ-
ability depending on when these are
paired. Previous studies have found that
CEP develops when male rats have re-
peated multi-ejaculatory trials with sexu-
ally receptive females bearing a neutral
odor such as almond or lemon (e.g.,
Kippin et al. 2001; Kippin and Pfaus
2001a,b). This effect can be impaired or
inhibited when the odor cue is pre-
exposed five times, but not one time, be-
fore conditioning (Quintana et al. 2018).
Together these studies show that the
development of CEP follows Pavlovian
rules regarding latent inhibition and
US preexposure (e.g., Lubow and Moore
1959; Randich and LoLordo 1979,
respectively).

Behavioral analyses
One of the main findings of the present
study was the disruption of the CEP to-
ward the familiar female in the 5t groups
preexposed to the US. As previously men-
tioned, there are two perspectives to in-
terpret the behavioral results on US
preexposure, the associative and the non-
associative. Moreover, Mis and Moore
(1973) concluded that the decremental
effect of preexposing animals to a US
was in direct correlation to the number
of US presentations as well as the US in-
tensity, and inversely correlated with
the interval between the last preexposure
trial and the first conditioning trial.
Either through blocking or the reduction

of the initial emotional reaction toward the US, these findings
showed that preexposing sex five times before training a CEP is
enough to disrupt it corroborating similar findings on the effect
of preexposure of cues related to the training conditions before
the conditioning for CEP (Quintana et al. 2018). This was expected
given that it has been shown previously that five multiejaculatory
trials of 30 min are the minimal amount of conditioning experi-
ence necessary to establish a CEP based on neutral odor cue in
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Figure 4. Fos immunoreactivity (Fos-IR) following exposure to the sexually conditioned odor before
perfusion in males preexposed five times to a unscented female before being trained with scented
females (5t UnScF), males preexposed one time to an unscented female before being trained with
scented females (1t UnScF), and control males trained with scented females (CC+), in brain areas of in-
terest. Pictures were taken accordingly to Paxinos and Watson (1998) coordinates in the mPOA: ±−0.40
mm from Bregma (A–C); Nucleus accumbens Core and Shell (NAc Core/Shell): ±1.70 mm from Bregma
(core: D–F, shell: G–I); VTA: ±−6.04 mm from Bregma (J–L); the BLA: ±−3.14 mm from Bregma (M–O),
and in the Central nucleus of the amygdala (CeA): ±−2.80mm from Bregma (P–R). Abbreviations used in
the figure: (3v) third ventricle, (aca) anterior commissure, (ICjM) major islands of Calleja, (RMC) mag-
nocellular part of red nucleus, (IPDM) dorsomedial interpeduncular nucleus, (ec) external capsule,
(BSTIA) intra-amigdaloid division of the bed nucleus of the stria terminalis, (LaVM) ventromedial part
of the lateral amygdaloid nucleus. See Table 2 for M± S.E.M.
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male rats (Kippin and Pfaus 2001b). Thus, if five trials are enough
to establish a CEP, they are also enough to establish an associa-
tion with the context that could further impair other associa-
tion trained in the same context. Furthermore, the present
study also found a lack of CEP in males preexposure one time to
an UnScF and later trained with ScF. It could be possible that
the first experience with sexual reward involving ejaculation is
strong enough, and an inter trial interval of 4 d is short enough

to establish a Context-US connection
that will hinder the subsequent associa-
tion between any CS–US presentations
in which a CEP can be based. However,
no available data establish how long last-
ing these associations may be, nor do
they show for how long the disrupting
effect of US or CS preexposure might
last. Nevertheless, the preexposure effect
on the CEP findings, particularly the dis-
ruption of the CEP in the 1t group preex-
posed to an UnScF, confirm the powerful
impact of first sexual experiences on the
ability to associate a CS with sexual
reward.

Considering one copulatory preex-
posure to the ScF did not block subse-
quent conditioning to the UnScF, it may
be surprising that 1t preexposure to the
UnScF blocked later training with ScFs.
Thismay be an example of belongingness
or preparedness, a phenomenon where
certain CS–US associations are easier to
be established than others (Garcia and
Koelling 1966; Seligman 1970). This phe-
nomenon was first described in the taste
aversion literature, where facilitated ac-
quisition and resistance to extinction
was observed between taste and gastroin-
testinal distress. Likewise, natural phero-
monal cues from sexually receptive
females are innately preferred by male
rats (Carr et al. 1965; Bressler and Baum
1996), eliciting general and sexual arousal
(Sachs 1997) and increasing testosterone
and luteinizing hormones levels in plas-
ma (GrahamandDesjardins 1980). There-
fore, it appears that ratsmay have evolved
to display specific “prepared” association
between estrous odors and sexual partner
receptivity (see Cook et al. 1986). The
absence of a disruption in CEP in the
males given 1 preexposure to the ScF and
trained subsequentlywithUnScF suggests
that aneutral odor requires enoughcondi-
tioning in order to reach critical salience,
unlike prepared cues like estrous odors
(also see Kippin et al. 2001) where males
did not develop a preference for a ScF
after only one training trial. Indeed, es-
trousodors areable to activatemesolimbic
dopamine release unconditionally in
the NAc, whereas neutral odors must be
paired repeatedly with the post-ejaculato-
ry reward state to induced dopamine re-
lease (Pfaus et al. 2012).

Fos-IR

Analysis of Fos-IR in the brain areas of interest showed a differential
pattern of activationdepending on the amount of preexposure and
training conditions.

As depicted on Figure 4, following exposure to the odor cue,
on one hand, males in the 5t group preexposed to UnScF and later
on trained with ScF had a lower mean of Fos-positive cells in the
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Figure 5. Fos immunoreactivity (Fos-IR) following exposure to the sexually conditioned odor before
perfusion in males preexposed five times to a scented females before being trained with unscented
females (5t ScF), males preexposed one time to a scented female before being trained with unscented
females (1t ScF), and control males trained with scented females (CC+), in brain areas of interest. Pictures
were taken accordingly to Paxinos and Watson (1998) coordinates in the mPOA: ±−0.40 mm from
Bregma (A–C); Nucleus accumbens Core and Shell (NAc Core/Shell): ±1.70 mm from Bregma (core:
D–F, shell: G–I); VTA: ±−6.04 mm from Bregma (J–L); the BLA: ±−3.14 mm from Bregma (M–O), and
in the Central nucleus of the amygdala (CeA): ±−2.80 mm from Bregma (P–R). (3v) third ventricle,
(aca) anterior commissure, (ICjM) major islands of Calleja, (RMC) magnocellular part of red nucleus,
(IPDM) dorsomedial interpeduncular nucleus, (ec) external capsule, (BSTIA) intraamigdaloid division
of the bed nucleus of the stria terminalis, (LaVM) ventromedial part of the lateral amygdaloid nucleus.
See Table 2 for M± S.E.M.
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mPOA and CeA than the 1t group preexposed and trained under
the same conditions. Additionally,males in the 5t grouphad a low-
ermean of Fos-positive cells in themPOA compared to the ScF con-
trol group, whereas males in the 1t group had a higher mean of
Fos-positive cells in the CeA compared to the ScF control group.
On the other hand, as depicted in Figure 5, males in the 5t group
preexposed to ScF and later on trained with UnScF did not signifi-
cantly differ from the 1t group preexposed and trained in the same
conditions in their mean of Fos-positive cells in any of the brain ar-
eas of interest, expect for the VTA, where the former had a lower
mean of Fos-positive cells than the latter. Furthermore, both of
them had a lower mean number of Fos-positive cells than the ScF
control group in the NAc Core and Shell, and only did the 5t group
have a lowermean of Fos-positive cells in the VTA compared to the
ScF control group.

Previously, Kippin et al. (2003) examined the Fos-IR in males
trained to associate an olfactory cue with sexually receptive fe-
males, and compared this to the activation elicited by estrous
odors. Following exposure to the estrous odors there was an in-
crease in Fos-IR in the accessory olfactory bulb, medial amygdala,
medial bed nucleus of the stria terminalis, mPOA, ventromedial
hypothalamus, VTA, and bothNAc core and shell. Following expo-
sure to the sexually conditioned odor, Fos-IR increased in the piri-
form cortex, BLA, NAc core, and the anterior portion of the lateral
hypothalamic area. The commonactivation of theNAc core lead to
the authors to suggest that estrous and sexually conditioned odors
are processed by a common neuronal system in that brain area
(Kippin et al. 2003). In the present study, US preexposure of either,
ScF or UnScF, led to a lower Fos-IR compared to the control ScF
group in almost all brain areas studied. It is worth mentioning
that Kippin et al. (2003) used bilevel chambers, where the chasing
dynamic between male and female is completely different from
that in the unilevel pacing chambers used in this study (Ismail
et al. 2009).

A companion study of CS cue preexposure prior to CEP
training yielded similar decrements in Fos-IR in several brain areas
(Quintana et al. 2018). Therefore, a general decrement in Fos-
positive cells elicited by the odor in comparison to the ScF control
group in the brain areas of interestmay be due to a different pattern
of associability for the odor, depending the contingency between
the preexposure and training phase. It is interesting that the
mPOA and VTA/NAc appear to be processing the odor differently.
First, themPOA seems sensitive to the odor in a combined function
between the number of trials of preexposure and when this was
paired with sexual reward, whereas the VTA and NAc seem to be
processing the odor mostly according to the training contingen-
cies. This pattern suggests that the mPOAmay be balancing the re-
ward prediction value, whereas the VTA and NAc predict the
contingencies of when the odor may be predicting the reward.
Furthermore, the CeA appears to be doing the opposite than the

ScF control, also doing the opposite than what the mPOA may
be doing.

The pattern by which this general decrement varies depend-
ing on the contingencies of preexposure and training are discussed
by brain area.

mPOA

ThemPOA is a critical brain region that controls male sexual arous-
al and behavior, where every sensory modality sends indirect in-
puts (see Dominguez and Hull 2005; Hull and Rodriguez-Manzo
2009). More specifically, it is believed that themPOA controls erec-
tion and copulatory behavior, but not purely motivational aspects
of sexual behavior (Everitt 1990). Lesions have shown to impair or
completely abolish male sexual behaviors (Hull et al. 2006), and
electrophysiological stimulation has shown to facilitate it, yet
not reverse sexual satiation (Rodriguez-Manzo et al. 2000). More
specifically, Fos-IR has shown to increase in the mPOA in response
to copulatory stimulation (Baumand Everitt 1992), and although it
has not shown to increase due to the exposition of a neutral cue
paired with sexual reward in male rats (Kippin et al. 2003), the
ScF control group of this study had a higher Fos-IR than the
UnScF control group. Thus, a lower Fos-IR in males preexposed
five times to ScF and later on trainedwith UnScF than the ones pre-
exposed one time may suggest that the odor may have been im-
paired from fostering rewarding associations with copulation
given the preexposure manipulation, thus impairing a CEP other-
wise found in theUnScF control group. This highlights the amount
of training as a factor that influences trained associations as seen
before in the parametric parameters of the development of a CEP
(Kippin et al. 2001). Furthermore, no decrement of Fos-IR was
found in the mPOA in males preexposed to UnScF. Interestingly,
males preexposed 1t and later on trained with ScF had a higher ac-
tivation than all groups. This suggests that in the mPOA, the pat-
tern of associability for a neutral olfactory cue depends on the
contingencies of training, just like the amount of training.
However, other prepotent cues like estrous odors would be more
readily or easily be associated with the rewarding aspects of sex,
as demonstrated by disruption in the CEP and high Fos-IR found
in the mPOA of males preexposed 1t and later on trained with ScF.

NAc core and shell

As one of the terminal brain region of the mesolimbic dopaminer-
gic pathway, the NAc has been associated with reinforcement and
appetitive behavior, and attention to sexual incentive cues (e.g.,
Hull et al. 2006). As a CS–US integrator, the mesolimbic terminal
regions focus the necessary attention on conditioned incentive
cues to directmotor output toward them enabling animals to enga-
ge in copulation, which ultimately results in ejaculation. This

Table 2. Mean Fos-IR-positive cell numbers (±SEM) for each group in the brain areas of interest

Brain area

US 5t UnScFa US lt UnScFa US 5t ScFa US lt ScFa Control ScF Control UnScF

M S.E.M. M S.E.M. M S.E.M. M S.E.M. M S.E.M. M S.E.M.

mPOA 40.25 2.88 104.29 11.79 136.47 60.94 239.60 120.18 127.03 20.16 82.33 13.13
NAc Core 55.47 16.69 32.00 11.51 183.80 35.35 137.13 14.50 114.46 23.15 103.29 17.23
NAc Shell 46.80 22.77 48.27 27.00 132.51 12.91 139.63 15.34 161.60 14.26 101.25 13.20
VTA 14.29 4.74 15.04 3.37 1.13 0.39 8.80 3.36 17.63 7.32 8.29 1.96
BLA 9.92 0.97 14.23 2.52 8.93 4.78 8.93 2.81 21.03 7.33 19.63 2.10
CeA 10.90 4.80 4.33 2.11 7.42 1.38 22.63 2.09 7.90 1.78 14.86 1.86

mPOA, medial preoptic area; NAc Core, nucleus accumbens core; NAc shell, nucleus accumbens shell; VTA, ventral tegmental area; BLA, basolateral amygdala;
CeA, central nucleus of the amygdala.
aType of female to which males were preexposed.
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allows the sexual reward state to be cued andpredicted by aCS (e.g.,
Pfaus et al. 2010). Lesions of this area increased the refractory peri-
od and decreased noncontact erection, yet not impeding males
from copulating (Liu et al. 1998). Moreover, using excitotoxic le-
sions in the NAc of male rats, several behaviors like mounts, intro-
missions, noncontact erections, among others, were partially
hindered, yet not abolished (Kippin et al. 2004). Recordings from
the NAc of male rats after being exposed to novel female estrous
odors showed a greater response than the estrous of a familiar fe-
male (Wood et al. 2004). Usingmicrodialysis, another study found
that this response was shown to be related to an increase of extra-
cellular dopamine in the NAc (Wenkstern et al. 1993). Further-
more, copulation has shown to increase Fos-IR in the NAc of
male rats (Robertson et al. 1991), just like estrous female odors
did in both, the Shell and Core, whereas a neutral cue paired
with copulation did as well, yet only in the Core (Kippin et al.
2003). Similarly, Lopez and Ettenberg (2002) also found a higher
Fos-IR activation in the NAc of males exposed to an estrous female
versus a nonestrous female. This effect was greater in sexually expe-
riencedmales than innaïve ones. Therefore, a reduced Fos-IR in the
NAc in males preexposed to UnScF and later on trained with ScF
may suggest that the odor did not have a strong incentive value
as it was for the ScF group, as it can be seen also through the ab-
sence of a CEP in both groups. It is believed this effect is driven
by US-context associations that blocked the associability. Further-
more, the Fos-IR in theNAc ofmales preexposed to ScF and later on
trained with UnScF provides further evidence for the differential
patter of associability of neutral cues depending when they are as-
sociated with sexual reward. Namely, the odor incentive value still
remains high, although preexposing an odor cue five times before
training a CEP based on the same preexposed cue. Finally, as previ-
ously mentioned, lesions in this brain area increased the refractory
period (Liu et al. 1998), while showing a higher Fos-IR in males
trained to associate an olfactory cue with sexual reward (Kippin
et al. 2003); an effect that corresponds with the general higher la-
tency of ejaculation found in both group of males preexposed to a
ScF and later on trained with UnScF.

VTA

As previously stated, the VTA is the source of the mesolimbic dop-
amine pathway, thought to control or mediate different appetitive
behaviors and attention toward reward-related stimuli and their in-
centive salience (Berridge 2007). The VTA and the NAc are con-
nected largely via dopamine neurons that terminate in the NAc
and are activated mainly, but not exclusively, in response to
reward-related cues (Berridge 2007; Pfaus 2009). Lesions to this
brain area disrupt sexual behaviors and increase the duration of
the post-ejaculatory interval, but not to abolish copulation (for re-
view, see Hull et al. 2006), whereas electrophysiological stimula-
tion facilitated copulatory behavior in the male rat (Markowsky
and Hull 1995), an effect found to be dependent of which portion
of the VTA was stimulated (Rodrígues-Manzo and Pellicer 2007).
Fos-IR increases in the VTA of male rats in response to female es-
trous odors, but not to a conditioned neutral odor paired with sex-
ual reward (Kippin et al. 2003). Therefore, a lower Fos-IR count in
the males preexposed five times to ScF and later on trained with
UnScF in comparison to the ScF control groupmay suggest a reduc-
tion in the incentive value attributed to the odor cue. Also, as seen
with the NAc, there was no reduction in the Fos-IR count in the
group of males preexposed to ScF and later on trained with
UnScF, corroborating the differential pattern of association. This
pattern of association depending on when the odor is paired
with sexual reward, and thus having a differential patter of activa-
tion between brain areas, may provide further evidence for the no-
tion of the mPOA as the main brain area that encodes the value of

the reward, and the VTA–NAc as brain areas that encode for the
incentive value of the reward (GR Quintana, M Birrel, S Marceau,
N Kalantari, J Bowden, Y Bachoura, E Bourdas, V Lemay, C Mac
Cionnaith, JG Pfaus, in prep.).

CeA

The amygdala and its functions have been well documented in the
sexual behavior of themale rat (e.g., Swanson and Petrovich 1998).
As an arrangement of different nuclei, the amygdala has been re-
garded as an integrative site between chemosensory, somatosen-
sory, and hormonal cues, projecting to hypothalamic areas
playing a role in learning, motivational states, and sexual behavior
(Everitt, 1990). Several studies have been conducted exploring the
role of the medial and basolateral subnuclei of the amygdala in the
male sexual behavior (see Hull and Rodriguez-Manzo 2009), yet
much less work has been done on the role of the CeA. GABA-like
inmunoreactivity in the brain of monkeys revealed a very dense ar-
ray of predominantlyGABAneurons and projections to other brain
areas (McDonald and Augustine 1993). CeA inputs come from sev-
eral cortical, thalamic, and brainstem areas, including the prefron-
tal insular, temporal and olfactory cortical areas, caudal thalamus,
as well as almost all other sub-nuclei of the amygdala (Swanson
and Petrovich 1998). The CeA is involved in the modulation of
conditioned fear (van de Kar and Blair 1999). For instance, a study
donewithmale prairie voles indicated that there was an increase in
Fos-IR in response to cohabitation with an unfamiliar unrelated
male (Cushing et al. 2003). This response was explained in terms
of an increased response of anxiety and stress, since a reduction
in anxiety has been previously found due to lesions of the CeA,
but not in the BLA of animals performing anxiety-like tasks
(Möller et al. 1997). Therefore, a higher Fos-IR inmales preexposed
one time to ScF and later trained with UnScF than the ScF control
group suggests an inhibitory activation in response to the odor,
consistent with the absence of CEP and the completely different
pattern found in the mPOA. Also, a higher Fos-IR was found in
the UnScF control compared to the ScF control, also the opposite
of what was found in the mPOA. Once again, further experiments
are necessary to corroborate these speculations.

BLA

This brain region is another of several subnuclei of the amygdala
and has been studied extensively in the of classical and operant
fear conditioning (e.g., Fanselow and LeDoux 1999). The BLA
sends direct projections toNAc that have been implicated in sexual
incentives, yet not with copulation (Everitt et al. 1989). Lesion
studies have shown to impair the operant response associated
with sexual reward, yet copulation remained identical to control
animals (Everitt et al. 1989). As previously mentioned, Fos-IR in-
creased following the exposure of a sexually conditioned odor in
the BLA of male rats (Kippin et al. 2003). Although none of the
comparisons resulted in significant differences or meaningful ef-
fect sizes, there was a decrement in the Fos-IR pattern in all preex-
posed groups compared to the ScF control group in the BLA. It is
uncertain to explain this general decrement in all groups taking
into account the previous findings of other studies and the limited
knowledge of this brain area in the context of sexual reward.
However, a decrement in both 5t and 1t groups preexposed to
UnScF and later on trained with ScF may contribute to explain
the decrement in the same groups found in their NAc core (and
perhaps NAc shell, as well), considering that the BLA sends direct
glutamatergic projections to this brain region that facilitate
motivated-behavioral responding (Stuber et al. 2011), like the
odor cue is believed to modulate in these males. However, further
replication on the differential general pattern of decrement of this
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region is needed to properly determine why preexposure to UnScF
and not to ScF may have led to a decrement in Fos-IR in the NAc
core and shell.

Taken together, the results of this study provide further em-
phasis on the role of first sexual experiences in the male rat, and
how thesemodulate future sexual preferences. Particularly, five tri-
als of preexposure hindered the display of a CEP for either female.
Conversely, being preexposed once to a ScF, and later trained with
UnScF developed a preference for the latter, whereas being preex-
posed once to the UnScF, rendered a similar result as being preex-
posed five times. Furthermore, the Fos-IR data also argue for a
differential role on the associability of neutral cues paired with sex-
ual reward depending onwhen these come together, either early or
later on in sexual experience, in which different areas would code
for different aspects of the CS processing. What is the extent of
these effects on partner preference, how long do they last, or
what constitute as early or late in sexual experience, requires fur-
ther experimentation.
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