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Abstract

Rationale The influence of the main dopaminergic brain regions controlling copulation, the medial preoptic area (mPOA) and the
nucleus accumbens (NAcc), on male rat sexual behavior expression has not been fully established.

Objective This work analyzes the sexual effects of dopamine (DA) receptor activation in the mPOA or the NAcc of sexually
active male rats, with an intact (sexually experienced) or a reduced (sexually exhausted) sexual motivation.

Methods The non-specific DA receptor agonist apomorphine and the D2-like receptor agonist quinpirole were infused into the
mPOA or the NAcc of sexually experienced or sexually exhausted male rats and their sexual behavior recorded.

Results DA receptor activation neither in the mPOA nor in the NAcc modified the copulatory behavior of sexually experienced
male rats. DA receptor stimulation in the NAcc, but not in the mPOA, reversed the characteristic sexual inhibition of sexually
satiated rats, and D2-like receptors were found to participate in this effect.

Conclusion The optimal sexual performance of sexually experienced male rats cannot be further improved by DA receptor
activation at either brain region. In sexually satiated rats, which are sexually inhibited and have a diminished sexual motivation,
NAcc DA receptor stimulation appears to play a key role in their capacity to respond to a motivational significant stimulus, the
receptive female, with the participation of D2-like receptors. Activation of DA receptors with the same drug, at the same dose and
in the same brain region, produces different effects on copulatory behavior that depend on the animal’s sexual motivational state.

Keywords Copulatory behavior - Sexual satiety - Sexual inhibition, sexual motivation, apomorphine - Quinpirole - D2-like
receptors - Mesolimbic system - Medial preoptic area - Nucleus accumbens

Abbreviations M Mount
CR Copulation resumption mPOA  Medial preoptic area
DA Dopamine NAcc Nucleus accumbens
DAergic Dopaminergic VTA Ventral tegmental area
E Ejaculation
EL Ejaculation latency
I Intromission Introduction
IL Intromission latency
Dopamine (DA) has been found to be important for the
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incertohypothalamic and the mesolimbic DAergic systems.
In the first case, the medial preoptic area (mPOA) is a
major target of these DAergic fibers (Bitran et al. 1988)
and has been associated with the endocrine activation of
copulation, genital reflexes’ regulation, copulatory perfor-
mance, and sexual motivation; this brain region is essential
for male sexual behavior expression of all known verte-
brate species (Hull and Rodriguez-Manzo 2017). In the
second case, the ventral tegmental area (VTA), origin of
this DAergic pathway, and the nucleus accumbens (NAcc)
(Melis and Argiolas 1995), a major output region of this
circuit, are both involved in the processing of the reward-
ing effects of sexual behavior, and the regulation of its
reinforcing properties (Kelley and Berridge 2002).
Electrical stimulation of the mPOA (Malsbury 1971;
Merari and Ginton 1975; Rodriguez-Manzo et al. 2000;
Van Dis and Larsson 1971), the VTA (Markowski and
Hull 1995; Rodriguez-Manzo and Pellicer 2007), and the
NAcc (Rodriguez-Manzo and Pellicer 2010) all facilitate
copulatory behavior expression in sexually experienced
male rats. Besides, exposure to the scent of a sexually
receptive female and copulation itself increase Fos protein
expression (a marker of neuronal activation) in the mPOA
(Kelliher et al. 1999; Robertson et al. 1991), the NAcc,
and the VTA (Balfour et al. 2004), and raise DA levels in
the NAcc (Mitchell and Gratton 1994) and in the mPOA
(Blackburn et al. 1992; Hull et al. 1995).

Male rats allowed to freely copulate with a single sexually
receptive female perform 5 to 12 successive ejaculations, be-
fore reaching a state of sexual inactivity known as sexual
satiety (Beach and Jordan 1956; Rodriguez-Manzo and
Fernandez-Guasti 1994). This phenomenon is characterized
by a long-lasting sexual behavior inhibition (around 72 h),
which gradually fades away, requiring a 15-day period of sex-
ual rest for full copulatory recovery (Rodriguez-Manzo et al.
2011). Twenty-four hours after copulation to satiety, the sex-
ual inhibition is manifested in two different ways in the pres-
ence of a sexually receptive female: by the absence of sexual
behavior or by the execution of one ejaculatory series, after
which the male does no resume sexual activity (Rodriguez-
Manzo and Fernandez-Guasti 1994). Over time, studies have
concluded that enhancement of DAergic transmission facili-
tates male sexual behavior expression (Pfaus 2009). Systemic
administration of the non-specific DA receptor agonist apo-
morphine decreases the ejaculatory threshold of sexually ex-
perienced rats (Ahlenius and Larsson 1984; Paglietti et al.
1978) and increases the proportion of sexually sluggish males
capable of ejaculating within a 30-min period (Tagliamonte
etal. 1974).

Like DA, apomorphine interacts with all DA receptor sub-
types, although with a higher affinity for the D2-like receptor
family (0.5 nM <Ki< 50 nM) than for the D1-like family
(50 nM <Ki< 500 nM). In particular, the highest affinity of
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this drug is for the D2 and D4 DA receptor subtypes (0.5 nM
< Ki < 5 nM), followed by that for the D3 subtype (5 nM < Ki
<50 nM) (Missale et al. 1998).

D2-like receptor agonists, such as LY 163502 (quinerolane),
also decrease the ejaculatory threshold of sexually experienced
rats and induce copulation in so-called non-copulating animals
(Foreman and Hall 1987). The group of Elaine Hull was the
first studying the effects of the intra-brain administration of DA
receptor agonists on copulation, showing that intra-mPOA
apomorphine facilitates copulation (Hull et al. 1986, 1989)
and genital reflexes (Hull et al. 1992; Pehek et al. 1989) in rats,
while a D2-like DA receptor agonist delays the onset of copu-
lation, but decreases the ejaculatory threshold of sexually ex-
perienced rats (Moses et al. 1984). This group found no effect
of intra-NAcc DA agonist infusion on male rat copulation
(Hull et al. 1986; Moses et al. 1984). We recently reported that
systemically administered DA receptor agonists had differen-
tial effects on copulation of sexually active (experienced) and
temporarily sexually inactive (exhausted) male rats
(Guadarrama-Bazante et al. 2014). Though, the influence of
the two main DAergic brain regions controlling copulation,
i.e., the mPOA and the NAcc, on sexual behavior expression
of these two populations has not been established. Both brain
regions have been related to the control of male sexual moti-
vation, with some controversy surrounding this role in each
case (Everitt 1990; Hull et al. 1986). To address this issue, here
we analyze the effects of the direct infusion of same doses of
apomorphine or quinpirole into the mPOA or the NAcc on
copulation of sexually active rats, either with an intact
(experienced) or a reduced (exhausted) sexual motivational
state.

Experimental procedures
Animals

Two hundred twenty-three adult male Wistar rats (200—
250 g b. wt.), raised at the Cinvestav animal facilities,
were used for the study. They were housed in acrylic
boxes (44 x 33 x20 cm), eight per cage, in a room at
22 °C, under inverted light-dark cycle conditions (12 h
light/12 h dark), lights turned off at 10:00 AM, and with
free access to food and water. Males were subjected to
independent sexual behavior tests, and those showing
ejaculation latencies shorter than 15 min, in at least three
tests, were considered sexually experienced. Sexual recep-
tivity was induced in female rats by the sequential injec-
tion of estradiol benzoate (4 pg/rat) followed 44 h later by
progesterone (2 mg/rat). The Local Committee of Ethics
on Animal Experimentation approved all experimental
procedures (Protocol 0230-16), which followed the prin-
ciples of laboratory animal care (Kilkenny et al. 2013).
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Sexual behavior observations

Sexual behavior tests were conducted during the dark phase of
the cycle, as described elsewhere (Rodriguez-Manzo et al.
2011). To render rats sexually satiated, males were allowed
to copulate ad libitum with a single receptive female until
reaching the satiety criterion (i.e., 90 min after the last ejacu-
lation without attaining another ejaculation). The satiated rats
received the drug treatments 24 h after copulation to satiety
and were tested for sexual behavior with a new receptive
female.

Spontaneous locomotor activity test

To rule out possible non-specific effects of the treatments that
could have interfered with copulation, spontaneous ambula-
tion of male rats was recorded after the sexual behavior tests
(Guadarrama-Bazante et al. 2014).

Surgery

Male rats were stereotaxically implanted with bilateral guide
cannulae, as described earlier (Rodriguez-Manzo and
Canseco-Alba 2017), directed to the mPOA or to the NAcc.
Target coordinates for the mPOA were as follows: AP, —
0.3 mm from bregma; L, +0.6 mm; DV, — 8.2 mm, and for
the NAcc: AP, + 1.2 mm from bregma; L, £1.0 mm; DV, —
6.6 mm (Paxinos and Watson 2009). Implanted animals were
individually housed and handled daily to later allow drug mi-
croinjection without anesthesia.

Drugs

All drugs were purchased from Sigma-Aldrich Chemical
Company (St. Louis, MO, USA). Estradiol benzoate and pro-
gesterone were dissolved in corn oil and s.c. injected in a
volume of 1 ml/kg. Apomorphine and quinpirole were dis-
solved in sterile saline and infused in a volume of 0.5 pug/
cannula.

Histology

Animals were deeply anesthetized with sodium pentobarbital
(200 mg/kg, i.p), and intracardially perfused with 250 ml
formaldehyde at 10%. Their brains were removed and
60 pum coronal sections were obtained using a freezing cryo-
stat (Leica® CM 1100). Brain slices containing the mPOA or
the NAcc were placed directly onto a glass slide and scanned,
locating cannulae tips in the images to verify their correct
location.

Statistics

Differences in the proportion of animals showing the different
sexual behavior responses were established using the Fisher’s
F test. The specific sexual behavior parameters and ambula-
tory behavior data were analyzed with a Kruskal-Wallis
ANOVA followed by Dunn’s test. Paired comparisons were
established with the Mann-Whitney U test. The Sigma Stat
Program® (version 12.0) was used for all analyses. P <0.05
values were considered statistically significant.

Experimental design

Sexually experienced, implanted males were randomly
assigned to 1 of 14 independent groups, infused into the
mPOA (n=5-9 each) or into the NAcc (n =7-12 each) with
different doses of apomorphine (0.6, 2.0, or 6.0 pg/rat),
quinpirole (0.3, 1.0, or 3.0 pg/rat), or vehicle (0.5 pl/cannula),
and their sexual behavior recorded during 30 min. Fifteen
additional groups of implanted, sexually experienced rats cop-
ulated to satiety received 24 h later apomorphine (0.6, 2.0, or
6.0 pg/rat), quinpirole (0.1, 0.3, 1.0, or 3.0 pg/rat), or vehicle
(0.5 ul/cannula) into the mPOA (n=7-9 each) or into the
NAcc (n =5-10 each), and their sexual behavior was recorded
during 60 min.

Results

As expected, almost all sexually experienced rats, infused into
the mPOA with vehicle or with the different doses of apomor-
phine, copulated to ejaculation and resumed copulation there-
after. The specific sexual behavior parameters of these
apomorphine-treated rats were not significantly different from
those of vehicle-infused sexually experienced rats (see
Table 1). In sexually exhausted animals, the control group
infused, 24 h after copulation to satiety, with vehicle into the
mPOA showed the typical sexual inhibition of this condition,
with a very small proportion of rats ejaculating (10%) and
none of them resuming copulation after ejaculation. Intra-
mPOA infusion of the different apomorphine doses to satiated
rats slightly increased those proportions (around 30-40% cop-
ulating to ejaculation and 15—40% resuming copulation there-
after). These increases were not statistically significant.

All sexually experienced rats exhibited all the copulatory
behaviors after the intra-mPOA infusion of the two lower
quinpirole doses (0.3 and 1.0 pg/rat), while with the 3.0 pg/
rat dose, two out of nine animals did not attain ejaculation, an
effect that was not statistically significant. The sexual param-
eters of the quinpirole-infused animals were not different from
those of the control males, infused with vehicle into the
mPOA (see Table 1).
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Table1  Specific sexual parameters of sexually experienced male rats infused with different doses of dopamine receptor agonists into the mPOA or the

NAcc. Kruskal-Wallis ANOVA followed by Dunn’s test, P < (.05 vs. vehicle

Brain region Treatment Dose N IL M I EL PEI

ng/ Mean + SEM Median number Median number Mean + SEM Mean = SEM
rat

mPOA Vehicle 0 8 0.87 £ 0.46 3.0 10 741 +1.28 5.85 +£0.565
Apomorphine 0.6 6 0.36 £ 0.14 10.5% 11.5 11.61 + 1.82 5.86 + 0.60
Apomorphine 2.0 6 1.37 + 042 8.5 10 1093 +3.84 6.0 £ 0.38
Apomorphine 6.0 5 1.78 + 0.84 2.0 10 843 +3.24 5.61 +£0.24
Quinpirole 0.3 7 1.17 + 0.44 5.0 8.0 8.51 +1.31 593 +0.74
Quinpirole 1.0 7 0.55+0.14 5.0 9.0 7.89 +0.99 8.03 + 2.62
Quinpirole 3.0 7 1.25 + 047 13.0 8.0 1329 +2.26 6.06 + 0.32

NAcc Vehicle 0 8 0.72 £ 0.17 25 6.5 6.55 + 1.75 6.79 + 0.66
Apomorphine 0.6 11 0.73 £0.15 4.0 9.0 10.35 + 1.47 7.39 £ 0.34
Apomorphine 2.0 7 0.87 + 0.40 6.0 12.0 8.62 +1.35 5.79 £ 0.26
Apomorphine 6.0 8 1.12 £ 0.24 3.0 13.5 9.34 £2.01 6.08 + 0.44
Quinpirole 0.3 8 4.08 £2.79 2.5 7.0 7.90 +2.54 6.26 +0.27
Quinpirole 1.0 8 1.06 + 0.42 3.5 8.5 8.93 + 1.87 6.80 + 0.59
Quinpirole 3.0 7 0.72 £ 0.44 4 12.00 1047 £ 2.19 6.80 = 0.44

Kruskal-Wallis ANOVA followed by Dunn’s test, *P < 0.05 vs. vehicle

Figure 1 depicts the proportion of sexually satiated animals
that copulated after intra-mPOA infusion of different doses of
quinpirole, as well as the copulatory parameters of those

animals that attained ejaculation in response to quinpirole treat-
ment. It can be observed that quinpirole, at the dose of 0.3 pg/
rat, statistically significantly increased the proportion of
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Fig. 1 Effects of intra-mPOA infusion of different doses of quinpirole
(0.1-3.0 pg/animal; n =7-8) or vehicle (C, n=9) on copulation of sexu-
ally satiated male rats. The percentages of animals showing mounts and
intromissions (M&I), ejaculating (E), and resuming copulation after ejac-
ulation (CR) are shown in the first graph. Fisher F test. *P <0.05; **P <
0.01 vs. C. The rest of the graphs depict the specific sexual behavior
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parameters of the satiated males that copulated in response to 0.3 pg/rat
quinpirole, which were compared to sexually experienced males infused
with vehicle into the mPOA (CEx; n=38). Mann-Whitney U test
*P <0.05. Mean values are indicated with dashed lines. IL = intromission
latency, M = number of mounts, I = number of intromissions, EL = ejac-
ulation latency, PEI = post-ejaculatory interval, Qui = quinpirole
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exhausted males showing all sexual behavior responses, as
compared to vehicle-infused satiated rats [Fisher F test,
P <0.05 or P<0.01). Thus, six out seven (85.7%) satiated rats
ejaculated [Fisher F'test, P < 0.01] and four out of seven (57%)
resumed copulation after ejaculation [Fisher F test, P<0.01].
The satiated rats infused with lower (0.1 pg/rat) and higher (1.0
and 3.0 pg/rat) quinpirole doses did not copulate.

The specific sexual parameters of the males that ejaculated
in response to quinpirole were compared to those of the sex-
ually experienced animals infused with vehicle into the
mPOA, since control satiated rats essentially do not show
sexual activity 24 h after copulation to exhaustion
(Rodriguez-Manzo et al. 2011). Although sexually experi-
enced males are not an appropriate control group for sexually
exhausted animals, the comparison with this group allows to
establish if the sexual performance of the satiated rats that
copulate after a drug treatment is deficient or as efficient as
that of fully sexually competent animals. No significant dif-
ferences were found in the copulatory parameters of the sex-
ually satiated rats ejaculating in response to quinpirole as com-
pared to those of sexually experienced control rats, except for
the PEI, which was significantly increased [Mann-Whitney U
test, P<0.01]. Location of mPOA cannula tips is shown in
supplementary Figs. S1 and S2.

The proportion of sexually satiated males showing sexual
behavior after apomorphine infusion into the NAcc, as well as
their copulatory parameters, is shown in Fig. 2. All apomor-
phine doses tested produced a statistically significant increase
in the proportion of satiated rats mounting, intromitting, ejac-
ulating [Fisher F test, P<0.001 each], and resuming copula-
tion after ejaculation [Fisher F test, P <0.01 for 0.6 and 2 pg/
rat and P<0.001 for 6 ug/rat]. The sexually satiated males
infused with 0.6 or 2.0 pg/rat apomorphine showed increased
values for IL [Kruskal-Wallis ANOVA H(3)=11.313, P=
0.01; Dunn’s test, P<0.05] and PEI [Kruskal-Wallis
ANOVA H(3)=13.488, P=0.004; Dunn’s test, P <0.05]
and the I number was augmented only after the 2.0 pg/rat dose
[Kruskal-Wallis ANOVA H(3)=8.016, P=0.046; Dunn’s
test, P < 0.05] as compared to intra-NAcc vehicle-infused sex-
ually experienced males. The parameters of the satiated males
infused with the 6.0 pg/rat dose were not different from those
of sexually experienced control rats.

Figure 3 shows the percentage of sexually satiated rats
displaying sexual behavior responses after intra-NAcc
quinpirole infusion, together with the specific parameters of
those males attaining ejaculation. The proportion of exhausted
males copulating to ejaculation was statistically significantly
increased by all quinpirole doses tested [Fisher F test,
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Fig. 2 Effects of intra-NAcc infusion of different doses of apomorphine
(0.6-6.0 pg/animal; n=6-9) or vehicle (C, n="7) on copulation of sexu-
ally satiated male rats. The first graph shows the percentage of sexually
satiated rats that showed M&I, E, and CR. Fisher F test. **P<0.01;
*##%P<0.001 vs. C. The rest of the graphs depict the specific sexual

behavior parameters of the satiated males that copulated to ejaculation in
response to apomorphine, compared to sexually experienced males in-
fused with vehicle into the NAcc (CEx; n = 8). Kruskal-Wallis ANOVA
followed by Dunn’s test *P < 0.05. Mean values are indicated with dashed
lines. Abbreviations as in Fig. 1; Apo = apomorphine
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Fig. 3 Effects of intra-NAcc infusion of different doses of quinpirole (0.1—
3.0 pg/rat; n =5-10) or vehicle (C, n = 7) on copulation of sexually satiated
male rats. The first graph shows the percentages of sexually satiated rats that
showed M&I, E, and CR after intra-NAcc infusion of quinpirole. Fisher '
test, *P<0.05; **P<0.01; ***P<0.001 vs. C. The rest of the graphs

P<0.001 for 0.3 and 1 pg/rat; P<0.05 for 3 pg/rat]. The
proportion of rats resuming copulation thereafter was only
increased by the two lower quinpirole doses [Fisher F test,
P <0.01]. The increase in the proportion of animals resuming
copulation after the highest quinpirole dose (3.0 pg/rat) was
not statistically significant. The parameters of the satiated rats
that copulated were not different from those of the control
sexually experienced animals infused with vehicle into the
NAcc, except for the PEI, which was significantly increased
by the 0.3 and 1.0 ug/rat quinpirole doses [Kruskal-Wallis
ANOVA H(2)=11.12, P=0.004; Dunn’s test, P <0.05].
Animals infused with 1.0 pg/rat quinpirole showed also a
significant increase in the IL with respect to the experienced
vehicle-infused males [Kruskal-Wallis ANOVA H(3) =
17.114, P<0.001; Dunn’s test, P <0.05]. No significant
changes were found in the copulatory parameters of animals
infused into the NAcc with 3.0 pg/rat quinpirole as compared
to the vehicle-infused sexually experienced males [Kruskal-
Wallis ANOVA, non-significant]. In this case, PEI values
were not determined due to insufficient data. Histological
analysis showed that effective DA agonists’ infusions were
located both in the NAcc core and shell sub-regions
(supplementary Figs. S3 and S4).

Spontaneous locomotor activity data are shown in Table 2.
In the groups of sexually experienced rats, only the highest
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depict the specific sexual behavior parameters of the satiated males that
copulated to ejaculation in response to quinpirole, compared to sexually
experienced males infused with vehicle into the NAcc (CEx; n=38).
Kruskal-Wallis ANOVA followed by Dunn’s test *P < 0.05. Mean values
are indicated with dashed lines. Abbreviations as in Fig. 1

dose of apomorphine, infused into the mPOA, significantly
decreased locomotion as compared to vehicle-treated rats
[Kruskal-Wallis ANOVA H(3)=10.267, P<0.016; Dunn’s
test, P <0.05]. In sexually satiated animals, a statistically sig-
nificant decrease in locomotor activity was recorded after intra-
NAcc infusion of the highest quinpirole dose [Kruskal-Wallis
ANOVA H(3)=8.218, P=0.016; Dunn’s test, P < 0.05].

Discussion

There is ample evidence showing that DA transmission plays a
key role in the control of rewarding behaviors like copulation
(Baik 2013; Berridge 2007). However, the literature related to
DA actions on male sexual behavior shows inconsistencies that
led even to question if DA plays a physiological role in its
control (Paredes and Agmo 2004). Differences among studies
in the DAergic drugs, the dose levels, and the administration
routes used, as well as in the sexual condition of the animals
and the brain regions explored, might have contributed to gen-
erate discrepancies. The effects of systemically administered
DA receptor agonists on copulation were recently reviewed,
controlling aspects such as dose level and sexual condition of
the animals (Guadarrama-Bazante et al. 2014). In the present
work, we examined the effects of the same doses of DA receptor
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Table 2 Locomotor activity data

of sexually experienced and Brain region Treatment Dose Sexually experienced N Sexually satiated N

sexually satiated male rats after

the infusion of different doses of mPOA Vehicle 0 51.25+3.78 8 55.50 + 8.57 9

DA agonists into the mPOA or Apomorphine 0.6 pg/rat  46.50+6.47 6 26.14 £ 6.50 7

the NAce 20 pghat  56.43+10.83 7 2689 + 695 9

6.0 pg/rat 16.80+£4.50%* 5 59.43 + 12.80 7

Quinpirole 0.1 pg/rat - - 32.00 £ 6.07 8

0.3 pg/rat 40.86+6.19 7 40.29 £ 10.17 7

1.0 pg/rat 42.29+11.06 7 53.13 £ 11.40 8

3.0 pg/rat 44.89+9.49 9 39.29 £9.11 7

NAcc Vehicle 0 26.75+3.96 8 55.50 + 8.57 8

Apomorphine 0.6 pg/rat 32.31+4.78 12 54.57 £ 842 6

2.0 pg/rat 34.00+5.75 8 63.95 £ 9.87 9

6.0 pg/rat 24.63+8.57 8 67.67 = 10.44 6

Quinpirole 0.3 pg/rat 17.63+4.33 8 29.20 +9.23 5

1.0 pg/rat 29.50+7.29 8 30.14 +7.82 10

3.0 pg/rat 20.43+1.84 7 25.33 + 6.05% 9

Data are expressed as mean = SEM of the number of counts/5 min
Kruskal-Wallis ANOVA followed by Dunn’s test, *P < 0.05 vs. vehicle

agonists, infused into the mPOA or the NAcc, on copulatory
behavior of fully sexually competent males (sexually experi-
enced) and of sexually competent males, when transiently
inhibited, due to sexual exhaustion (sexually satiated).

The results showed that (1) direct activation of DA receptors
either in the mPOA or the NAcc does not modify sexual behav-
ior display of fully sexually competent males; (2) activation of
NAcc DA receptors reverses the sexual inhibition of sexually
satiated rats; and (3) D2-like receptors participate in the induc-
tion of sexual behavior expression of sexually satiated males.

Neither the non-specific activation of DA receptors with
apomorphine, nor the stimulation of D2-like receptors with
quinpirole, in the mPOA, did alter the optimum level of copu-
lation of the sexually experienced males. Intra-mPOA apomor-
phine was reported to produce sexual facilitative effects in male
rats with modest sexual experience (two sexual interactions
with a female), which included decreases in the EL and PEI,
and an increase in the number of ejaculations displayed (Hull
et al. 1986, 1989). A facilitation of the erectile response, in
restrained rats, was also described with the infusion of apomor-
phine into the mPOA (Pehek et al. 1989). On these bases, the
authors postulated that in this brain region, apomorphine im-
proved copulation through the facilitation of genital reflexes
(Hull et al. 1992). By contrast, intra-mPOA microinjection of
a D2-like DA receptor agonist was found to delay the onset of
copulation and reduce the I number in rats with moderate sexual
experience (Hull et al. 1989). In the present study, intra-mPOA
or intra-NAcc administration of either apomorphine or
quinpirole did not modify the copulatory behavior of sexually
experienced rats. There is only another study examining the
effects of intra-NAcc apomorphine infusion, which also report-
ed a lack of effect of this drug on copulation of sexually active

male rats (Hull et al. 1986). We believe that the optimal copu-
latory parameters exhibited by our sexually experienced males
precluded a further improvement of copulatory measures by
DA receptor activation at either brain region. In addition, dif-
ferences in the experimental design between the cited works
and the present study, such as the testing of several doses of
DA receptor agonists in a same animal (allowing a week rest
between injections), and its unilateral infusion, versus the use of
independent groups and bilateral infusion in our work, may
have contributed to the distinct results obtained in the mPOA.
Still, the differences in the sexual activity level of the animals
appear to be central for the divergent results, since DA receptor
activation in neither of the two DAergic brain regions explored
modified the copulatory behavior of these fully sexually com-
petent males. In fact, the notion of a facilitative role of DAergic
transmission in the control of copulation is importantly support-
ed by studies with DA receptor antagonists, in the mPOA (Hull
etal. 1989; Pehek et al. 1988; Pfaus and Phillips 1989, 1991) or
the NAcc (Everitt 1990), which evidenced sexual behavior im-
pairments in animals with an optimal sexual performance.

In the sexually satiated animals, intra-NAcc apomorphine or
quinpirole administration induced copulation to ejaculation in
almost every sexually exhausted male, at all tested doses. The
great majority of these animals resumed copulation after ejac-
ulation, an event considered to indicate that the sexual inhibi-
tory state was reversed (Rodriguez-Manzo and Fernandez-
Guasti 1994). The highest quinpirole dose tested failed to do
so, but it also reduced animals’ spontaneous ambulatory activ-
ity. This last effect could have contributed to reduce the number
of animals resuming copulation after ejaculation. The satiated
males infused into the NAcc with the higher apomorphine and
quinpirole doses copulated in a very efficient way.
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Intra-mPOA apomorphine infusion had no effect on copula-
tion of satiated rats, showing that the unspecific activation of DA
receptors in this brain region does not promote sexual behavior
expression in these temporarily sexually inhibited animals.
Likewise, quinpirole infusion into this brain region essentially
lacked effects on copulation. Thus, the low sexual activity level
of the sexually satiated males could not evidence a sexual facil-
itative role of mPOA DA receptor activation. This result sug-
gests that the sexual inhibition that characterizes satiety is not
related to DA transmission in the mPOA. Systemic apomor-
phine has been reported to reverse sexual satiety (Guadarrama-
Bazante et al. 2014; Mas et al. 1995; Rodriguez-Manzo 1999a),
but systemic quinpirole does not (Guadarrama-Bazante et al.
2014). Altogether, these data indicate on the one side, that the
satiety reversal produced by systemic apomorphine is mediated
by the activation of DA receptors in the NAcc. On the other side,
the satiety reversal produced by quinpirole activation of NAcc
D2-like receptors is probably counteracted by D2-like receptor
activation in other brain regions, when this agonist is systemi-
cally administered.

Intriguingly, quinpirole reversed sexual satiety when infused
into the mPOA at a specific low dose, while lower and higher
doses did not induce any sexual behavior response in the satiated
animals. There is no straight explanation for this result.
Quinpirole binds to DA receptors from the D2-like family, with
a decreasing affinity for the following subtypes D3 < D2 < D4
(Missale et al. 1998). Low quinpirole doses appear to predom-
inantly activate D2 autoreceptors (Furmidge et al. 1991); there-
fore, the possibility that at this specific dose quinpirole stimulat-
ed D2 inhibitory autoreceptors, located on neurons that project
to and modulate the activity of the mesolimbic circuit, could be
considered. In line with this hypothesis, DA has been found to
activate efferents, within the hypothalamus, that synapse onto
VTA neurons and promote DA release in the NAcc (Stolzenberg
and Numan 2011). Recently, glutamatergic and GABAergic
neural projections, originating in the preoptic hypothalamic re-
gion and providing direct input to the VTA, were described and
hypothesized to influence reward processes, through the modu-
lation of mesolimbic circuit’s activity (Kallo et al. 2015). Thus, it
could be thought that the effective quinpirole dose, in our study,
inhibited the activity of mPOA GABAergic neurons projecting
to the VTA, through the stimulation of D2 heteroreceptors. This
would eliminate the GABAergic input onto VTA DA neurons,
disinhibiting them and increasing DA release in the NAcc.
Specific experiments should be conducted to test this
hypothesis.

Mesolimbic DA is involved in appetitive sexual responses,
like sexual excitement and arousal (Pfaus 2009). Since sexually
satiated rats have a diminished sexual motivation (Agmo et al.
2004; Rodriguez-Manzo 1999b), present data suggest that
NAcc DA receptor activation facilitates sexual behavior expres-
sion in animals with a reduced motivation, but that it has no
effect in animals with an intact sexual motivation, like sexually

@ Springer

experienced rats. The satiety reversal produced by NAcc DA
receptor activation strongly indicates that the long-lasting sex-
ual inhibition, characteristic of satiated rats, importantly relies
on a decreased DAergic transmission at this brain region, which
appears to be central for male sexual behavior expression. Thus,
mesolimbic DA seems to play a key role in the capacity of
sexually satiated animals to respond to a motivational signifi-
cant stimulus like the receptive female, since once these animals
engage in sexual activity, due to NAcc DA receptor activation,
its copulatory performance may be very efficient. In line with
this idea, mesolimbic DA neurons have been proposed to be
involved in specific aspects of motivation that include behav-
ioral activation, exertion of effort, cue instigated approach, and
conditioned learning processes (Salamone and Correa 2012;
Salamone et al. 2016). From these aspects, behavioral activa-
tion and cue instigated approach seem to be impaired in the
satiated rats and rescued by NAcc DA receptor activation, with
the clear participation of D2-like receptors.

Our results also indicate that DA transmission in the
mPOA does not play a central role in the sexual satiety phe-
nomenon; a result supporting the idea that this brain region
plays a less significant role than the NAcc in the control of
male sexual motivation (Everitt 1990).

Finally, present data show that activation of DA receptors
with the same drug, at the same dose, and in the same brain
region, can produce different effects on copulatory behavior of
males with a different sexual condition.
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