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Abstract
A key brain site in the control of male sexual behavior is the medial preoptic area (mPOA) where
dopamine stimulates both D1 and D2 receptor subtypes. Research completed to date in Japanese
quail has only utilized systemic injections, so much is unknown about the specific role played by
dopamine in the brain and mPOA in particular. The present study investigates the role of D1 and
D2 receptors on male sexual behavior by examining how intracerebroventricular (ICV) injections
and microinjections into the mPOA of D1 and D2 agonists and antagonists influence appetitive
and consummatory aspects of sexual behavior in male quail. Experiments 1 and 2 investigate the
effects of ICV injections at three doses of D1 or D2 agonists and antagonists. Results indicate that
D1 receptors facilitate consummatory male sexual behavior while D2 receptors inhibit both
appetitive and consummatory behaviors. Experiment 3 examines the effects of the same
compounds specifically injected in the mPOA and shows that in this region, both receptors
stimulate male sexual behaviors. Together, these data indicate that the stimulatory action of
dopamine in the mPOA may require a combined activation of D1 and D2 receptors. Finally, the
regulation of male sexual behavior by centrally infused dopaminergic compounds in a species
lacking an intromittent organ suggests that dopamine action on male sexual behavior does not
simply reflect the modulation of genital reflexes due to general arousal, but relates to the central
control of sexual motivation. Together, these data support the claim that dopamine specifically
regulates male sexual behavior.
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INTRODUCTION
One of the most robust observations about the catecholamine neurotransmitter dopamine is
that it promotes the activation of male sexual behavior in mammals (Blackburn et al., 1992;
Hull et al., 2002). Based on detailed studies in rats, dopamine action in the medial preoptic
area (mPOA) in particular is hypothesized to focus the male’s motivation on sexually
relevant stimuli, coordinate genital reflexes necessary for erection and ejaculation, and
enhance species-typical motor patterns of copulation (Hull et al., 1999). In a critical review,
Paredes and Ågmo (2004) questioned whether dopamine is specifically linked to the control
of male sexual behavior rather than to the modulation of general arousal and motor ouput.
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Based on this view, dopamine in the mPOA would be related perhaps to ejaculation but not
sexual motivation per se (see Hull et al., 2002; Hull et al., 2006 for an alternative
perspective).

Studies in non-mammalian vertebrates could be useful in resolving this controversy as well
as contributing to the development of a comprehensive theory of dopamine action. The
general organization of the dopamine system (e.g. localization of cell bodies, projections,
and receptor subtypes) appears to be highly conserved among diverse taxa (Smeets &
Reiner, 1994). Japanese quail (Coturnix japonica) are a species of interest as they have been
the subject of many studies on the neuroendocrine control of male-typical sexual behavior
(for reviews see Balthazart & Ball, 1998; Ball & Balthazart, 2002; Ball & Balthazart, 2004).
Furthermore, dopamine has been implicated in the control of sexual behavior in quail
(Balthazart et al., 1997; Castagna et al., 1997). Specifically, peripheral injections of
dopaminergic drugs suggest that activation of D1-like receptors enhances expression of male
sexual behavior while the activation of D2-like receptors has the opposite effect (Castagna et
al., 1997). However, data indicate that dopamine itself is inhibitory in this species unlike
what is observed in mammals (Absil et al., 1994; Castagna et al., 1997; Cornil et al., 2005).
It has been suggested that this difference in dopamine effects between birds and mammals
may reflect the differential relative expression of D1- and D2- like receptors in the two taxa
(more D2 in birds) so that inhibitory autoreceptors are more readily activated in birds than in
mammals (Kleitz et al., 2009).

Behavioral measures are available to assess motivational and performance aspects of quail
male sexual behavior (Adkins & Adler, 1972; Hutchison, 1978; Seiwert & Adkins-Regan,
1998). As is the case in most avian species, the males lack an intromittent organ and thus the
nature of non-specific peripheral effects should be quite different and arguably less
important than what has been hypothesized to be the case in mammals.

The current studies tested the effects of central injections of several dopaminergic drugs at
various doses on both motivational and performance aspects of male sexual behavior in
quail. We provide evidence consistent with the notion that dopamine indeed plays a specific
role in the control of male sexual behavior and help clarify why dopamine appears to be
inhibitory in some instances in quail.

MATERIALS AND METHODS
Animals and endocrine treatment

A total of 49 male Japanese quail (Coturnix japonica) were used as subjects in these
experiments (Experiment 1, n =15; Experiment 2, n =14; and Experiment 3, n =20).
Additionally, a total of 35 female Japanese quail were used as stimuli (Experiment 1, n=10;
Experiment 2, n=10; and Experiment 3, n=15). Birds were experimentally and sexually
naive prior to experimental procedures. They were obtained from a local breeder (CBT
Farms, Chestertown, MD) at the age of 3–4 weeks and were first housed as a group in a
large cage. Throughout their life at the breeding colony and in the laboratory, birds were
exposed to a photoperiod simulating long days (14 h light and 10 h dark per day) and had
food and water available ad libitum. One week after their arrival, all the males were
castrated. They were deeply anesthetized with isoflurane gas anesthetic (IsoSol isoflurane
from Vedco. Inc, St. Joseph, MO; Isotec 4 anesthesia machine from Surgivet, Inc.,
Waukesha, WI USA) and both testes removed through a unilateral incision below the last
rib. After recovery from surgery, birds were brought back to the large cage.

Approximately 2 weeks later, subjects were implanted subcutaneously with one 20-mm long
Silastic™ capsule (Silclear™ Tubing, Degania Silicone Ltd., Degania Bet, 15130, Israel;
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1.57mm i.d.; 2.41mm o.d.) filled with crystalline testosterone (Sigma-Aldrich, St. Louis,
MO, USA). They were then housed in individual cages. Throughout the experiment birds
were periodically weighed to the nearest gram and the size of their cloacal gland, an
androgen-dependent structure (Delville et al., 1985) was measured with calipers (cloacal
gland area = largest length×largest width in mm2). These data confirmed the efficacy of the
testosterone replacement, as well as the absence of adverse effects of the experimental
treatments on the general health condition of the subjects. If at any point during the
experiment, the subjects became ill or their cannulae became displaced, they were
euthanized to avoid any pain or suffering and thus removed from the experiment and all
analyses.

At the conclusion of the experiment, birds were anesthetized with isoflurane and euthanized
by rapid decapitation. The completeness of castration and the presence of Silastic™
implants were checked and the brains were extracted and frozen at −70°C. Birds were
housed, manipulated, and euthanized by using procedures approved by the IACUC at Johns
Hopkins University.

Stereotaxic implantation of the injection cannula
Approximately 4 weeks after castration, birds were deeply anesthetized with isoflurane and
placed in a stereotaxic apparatus (David Kopf instruments, Tujunga, CA, USA) with the
pigeon-head holder placed at a 45° angle below the horizontal axis of the stereotaxic
assembly. The skull was drilled at the level of the inter-parietal suture. A 22-gauge guide
cannula (outside diameter = 750 µm) containing a 28-gauge dummy insert (Plastics One
Inc., Roanoke, VA, USA) was inserted into the brain to reach the region of interest. The
outside cannula was cut at a length of 7.8 mm and the dummy cut so that it protruded by
about 300 µm from the guide cannula.

Implantation for Experiments 1 and 2 (ICV injections)—The guide cannulae for
Experiments 1 and 2 were inserted into the brain to reach the third ventricle at the level of
the mPOA (AP+1.8 mm, DV+2.8 mm). Because a wide blood vessel is present in the medial
position at the surface of the brain, cannulae were implanted at an angle of 10° away from
the vertical to enter the brain in a position just lateral to this blood vessel. Thus, the
reference lateral coordinate was aimed at zero (midsagittal plane of the brain) and then
moved laterally by 0.30 µm. The coordinates were obtained from previous studies in the lab
(Cornil et al., 2005). The guide cannula was fixed to the skull with dental cement and the
skin was sutured. The birds were kept in a warm environment until they fully recovered
from anesthesia. Metacam® (meloxicam; Boehringer Ingelheim Vetmedica, Inc., St. Joseph,
MO, USA) was administered for three days following the surgery to reduce pain and
inflammation.

The accuracy of the cannula placement was initially verified in each bird by the fact that
cerebrospinal fluid flows out the guide cannula when it has correctly reached the third
ventricle. Once the subjects recovered from surgery, the cannula placement was further
verified by assessing the effects of Angiotensin II (ANG II) infusion on drinking behavior.
Birds received ANG II (Sigma-Aldrich, St. Louis, MO, USA) dissolved in 0.9% NaCl
solution at a concentration of 1.0 mg/ml, corresponding to a dose of 1.0 µg/injection. Birds
were kept in their home cages with only water available and their weight gain after 1 hour
was assessed for a baseline measure and then an additional hour after ANG II infusion. It is
presumed that when ANG II is injected centrally and fails to stimulate water intake, the
cannula has not penetrated the ventricle (Richardson & Boswell, 1993). At the conclusion of
the experiment, black ink was injected into the cannula and histology confirmed its
placement by noting if the ink was present in the third ventricle.
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Implantation for Experiment 3 (Tissue microinjection)—The target coordinates for
Experiment 3 were determined with the stereotaxic quail brain atlas (Baylé et al., 1974)
modified by our own trial placements. The guide cannulae were inserted unilaterally in the
left hemisphere into the brain to reach the mPOA at 0° angle (AP+1.8 mm, ML+0.3 mm,
DV+2.8 mm). The guide cannula was fixed to the skull with dental cement and the skin was
sutured. The birds were kept in a warm environment until they fully recovered and
Metacam® (meloxicam; Boehringer Ingelheim Vetmedica, Inc., St. Joseph, MO, USA) was
administered for three days following the surgery to reduce pain and inflammation.
Histology confirmed its placement in the mPOA.

Drug treatments
Injections of SKF-38393 (D1 agonist; D1+), SCH-23390 (D1 antagonist; D1−), Quinpirole
(D2 agonist; D2+), and Raclopride (D2 antagonist; D2−), were performed with the use of a
5-µl Hamilton syringe (Hamilton Bonaduz AG, Bonaduz CH-7402, Switzerland) connected
to a microinfusion pump. The dummy cannula was replaced by a 28-gauge internal cannula
(Plastics One Inc., Roanoke, VA, USA) attached to the syringe by a cannula connector
(Plastics One Inc., Roanoke, VA, USA). The liquid (1 µl for Experiments 1 and 2 and 0.5 µl
for Experiment 3) was infused during a 90-s period. The needle remained in place for one
additional minute before being removed to permit diffusion of the solution and avoid its
leakage outside of the brain. The internal cannula was progressively lifted in successive
steps and replaced by the dummy cannula. SCH-23390, SKF-38393, Raclopride, and
Quinpirole were purchased from Sigma–Aldrich (St. Louis, MO, USA) and dissolved in
0.9% NaCl saline solution purchased from Henry Schein, Inc. For Experiments 1 and 2
concentrations of 0 µg/µl (Saline), 0.02 µg/µl (Low), 0.1 µg/µl (Medium), and 0.5 µg/µl
(High) were used. The most effective dose for each compound based on both the appetitive
and consummatory behavioral responses found in Experiments 1 and 2 were used in
Experiment 3: 0 µg/µl (Saline), 0.02 µg/µl (SKF-38393), 0.1 µg/µl (SCH-23390), 0.1 µg/µl
(Quinpirole), and 0.5 µg/µl (Raclopride).

Behavioral tests
Copulatory behavior was assessed in a large test arena measuring 60 cm×40 cm×50 cm
(length×depth×height). The experimental bird was introduced into the test arena that
contained a sexually mature female with which the male could freely interact during a 5-min
period. During this period, the frequencies of the following behavior patterns were
systematically noted: neck-grab (NG), mount attempt (MA), mount (M) and cloacal contact
movements (CCM) (for a detailed description, see (Adkins & Adler, 1972).We also recorded
the latency of the first occurrence of the observed behaviors. The data provide a measure of
the consummatory sexual behavior (CSB) of the birds. Males were tested in a random order
that was changed on each day with a female randomly selected from a large pool so that
even if the behavior of females varied during and between the days, this effect was
randomized in the experimental groups which are described in the next section.

Appetitive sexual behavior (ASB) was assessed by the measure of the rhythmic cloacal
sphincter movements (RCSM). Gonadally intact males increase the rate of these movements
when they are provided with only visual access to a female (Seiwert & Adkins-Regan,
1998). Thus, RCSM produced under these conditions in which a male is viewing a female in
anticipation of copulation provides a measure of male ASB in quail. The RCSM tests took
place in a small aquarium (20 cm×40 cm×25cm) located on a raised platform. A mirror was
placed under the aquarium at a 45° angle and provided the observer with an unobstructed
view of the male’s cloacal area. At the beginning of each behavioral test, the aquarium was
divided into two chambers by an opaque sliding panel and a glass partition. One
experimental male was placed in one of the chambers and a stimulus egg-laying female in
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the other chamber. The frequency of RCSM was directly counted for 2.5 min during which
the male could not see the female (basal RCSM). The sliding opaque panel was then
removed so that the male and female were only separated by the glass barrier; the male had
visual access to the female although he was not able to physically interact with her. The
frequency of female-elicited RCSM was quantified by direct observation for an additional
2.5 min under these conditions. Then, the glass panel was then removed and the birds were
able to interact physically for an additional period of 2.5 min during which CSB frequency
and latency were recorded for 2.5min. Again, the order in which males were tested was
randomized. For Experiment 3, only the RCSM test followed by the copulatory test in the
RCSM chamber was utilized.

Group assignment
Regardless of the experiment they were in, all birds received 5 pre-test trials for copulatory
behavior at approximately 9 weeks of age (approximately 3 weeks after testosterone
implantation and after recovery from cannula implantation) to let them acquire and mature
the copulatory pattern and to ensure that all subjects were able to copulate. Within each
experiment, each bird was then exposed once to each of the experimental treatments
including the control condition (injection of Saline and of different doses of a given
compound in Experiments 1 and 2 or injection of Saline and of different compounds in
Experiment 3). The order in which each subject was exposed to these different conditions
varied for different sub-groups of birds according to a Latin square design so that the
sequence of conditions could not be confounded in the final analyses with the effects of
conditions themselves. To determine the order of exposure to the different treatments (four
different doses in Experiment 1 and 2 and five different compounds in Experiment 3,
including in each case the Saline condition), subjects were assigned to four sub-groups of 2–
4 birds (Experiments 1 and 2) or five sub-groups of 2–5 birds (Experiment 3). These sub-
groups were matched based on the behavioral results of all past copulatory tests (mean
frequencies of behavior displayed) and of the last copulatory test, as well as on results of the
ANG II test for cannula placement (Experiments 1 and 2 only) to ensure that the sub-groups
were not statistically different before the experimental manipulations. If at any point during
the experiment, the subjects became ill or their cannulae became displaced, they were
removed from the experiment resulting in a variable number of birds in each sub-group.
Each bird thus served as its own control in a repeated measures design described below.

Experimental design
For Experiments 1 and 2, each subject was tested repeatedly in four conditions testing the
effect of Saline, Low, Medium and High doses of D1 and D2 agonists and antagonists
administered via ICV injections on ASB and CSB. Experiment 1 investigated the effects of
ICV administration of the D1-like agonist SKF-38393 (D1+) and antagonist SCH-23390
(D1−). Experiment 2 tested the effects of ICV administration of the D2-like agonist
Quinpirole (D2+) and antagonist Raclopride (D2−). For both experiments, each sub-group
of subjects received the doses in different orders in a Latin square design such that a lower
dose (Saline or Low) always followed/preceded a higher dose (Medium or High) with one
day between tests to prevent any potential residual effects of drugs from previous tests.
Fifteen minutes after the infusion of the drug, the behaviors were then quantified for each
bird as previously described. Pre- and post-experiment behavioral baseline measures were
conducted to evaluate any long-term effects of each compound, none of which were found
significant (p>0.05). At the conclusion of each test, we waited seven days before testing the
next compound.

Experiment 3 utilized the most effective doses from Experiments 1 and 2 to investigate the
effects of both D1 and D2 receptor compounds after microinjection into the mPOA on male
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sexual behavior. Each of the 20 quail was tested repeatedly in five conditions testing the
effects of the compounds on ASB and CSB in one trial. Each sub-group received the
compounds in different orders in a Latin square design such that a compound which acts on
the D1 receptors always followed/preceded a compound which acts on the D2 receptors with
four days between tests to prevent any potential tissue damage and residual effects of drugs
from previous tests. Immediately following the injection procedure, the behaviors were then
quantified for each bird as previously described. Pre- and post-experiment behavioral
baseline measures were conducted to evaluate any long-term effects of the drug. For all
experiments (1, 2, and 3), all injections were administered and all tests took place between
the hours of 0900–1500.

Data analysis
All data were analyzed by repeated measures analyses of the variance (ANOVA) with the
dosage (Exp 1 and 2) or the treatment (Exp 3) as the repeated factor and the sub-groups
defining the order of administration of the different treatments (test order) as the
independent factor. Effects were considered significant for p<0.05. When appropriate,
pairwise post-hoc comparisons were performed using Fisher’s least significant difference
(LSD) test. All analyses were carried out with Windows version of the software SPSS,
version 16.0 (Chicago, IL). All behavioral measures were analyzed and reported in table 1
through table 3, however data from only a few representative behaviors are included in the
associated figures.

RESULTS
Unless otherwise stated, there was no main effect of the order of treatments of the sub-
groups and no interaction between this order and the effects of the experimental treatments
themselves (p>0.05 for all).

Experiment 1 – Dose-response analysis of ICV-administered D1 drugs
Table 1 reports all the behavioral frequencies and latencies observed after the ICV
administration of the D1 agonist SKF-38393 during the tests for CSB performed alone as
well as following the RCSM test. When copulatory behavior was tested alone, there was a
consistent trend for all frequencies of CSB to increase in parallel with the dose of the D1
agonist, however this trend was never significant (p>0.05 in all cases; statistical trends
(p<0.10) for M and CCM). There was also no effect of dose of SKF-38393 on the latency to
sexual behavior onset (p>0.05 in all cases; statistical trends for MA and M), however there
was a dose by order of administration interaction for M latency (F9,33=2.814, p=0.014) such
that the quail who had received the Medium dose first had a longer latency of M at this dose.

Following ICV administration of the D1 antagonist SCH-23390, we observed a significant
U-shaped dose effect on the frequency of both NG and MA (NG: F3,15=4.504, p=0.019;
MA: F3,15=5.049, p=0.013) such that significantly lower behavior frequencies were detected
after administration of the Low and Medium dose of the antagonist. For both NG and MA
there was also a dose by order interaction such that the behavior frequency at the High dose
was higher in the birds who received this dose on the last day of testing (NG: F9,15=3.636,
p=0.013; MA: F9,15=3.654, p=0.013). Furthermore, there was a significant inverted-U
shaped dose response in latency of MA and M (MA: F3,15=3.423, p=0.045; M: F3,15=3.45,
p=0.044) such that the latency of these behaviors was the longest at the Medium dose.

Upon completion of testing the effects of ICV administration of SKF-38393 and SCH-23390
on CSB, the effect of the same doses of these two drugs were tested on the ASB (RCSM
test) immediately followed by another copulatory test performed directly in the RCSM

Kleitz-Nelson et al. Page 6

Eur J Neurosci. Author manuscript; available in PMC 2011 July 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



arena. These tests revealed no significant effect on basal or female-elicited RCSM frequency
after ICV administration of either the D1 agonist or antagonist (p>0.05 for all cases; figure
1a,b).

In contrast to the data just presented, SKF-38393 significantly affected the frequency of
most copulatory behaviors during tests performed immediately after the assessment of
RCSM (NG: F3,12=3.373, p=0.053; MA: F3,12=4.343, p=0.027; M: F3,12=5.712, p=0.012,
CCM: F3,12=3.671, p=0.044). The significant dose-response curves had an inverted U-shape
so that the highest frequencies were detected after injection of the Low dose (figure 2).
Furthermore, this D1 agonist also significantly affected the onset latency of all behaviors
(p<0.001 in each case) in a U-shaped function (figure 2). For all the latency measures
following SKF-38393 administration after the RCSM test, there was a significant main
effect of order as well as a dose by order interaction (p<0.05 for all), but this can be
explained by the fact that at the end of the experiment only one bird remained in one of the
groups, thereby affecting the between subjects analysis.

Statistical analyses revealed a marginally significant effect of the various doses of
SCH-23390 on NG (F3,12=3.487, p=0.05) and a significant effect on CCM (F3,12=4.47,
p=0.025) frequencies (figure 3) observed during the test that followed the quantification of
RCSM. Post-hoc analysis revealed a significantly lower frequency following the Low dose
and the High dose as compared to Saline for both behaviors. Further, there was an effect of
order of dose administration on M and CCM (F3,4=9.252, p=0.028 and F3,4=18.222,
p=0.009, respectively), but this could be a result of a low number of birds (n=2) in each
group for this test due to the attrition of subjects. No significant effect of dose of
SCH-23390 was detected on the latency for any behavior measured after the RCSM test
(p>0.05 for all cases).

Together, these results indicate that throughout the brain, D1-like receptors appear to play a
stimulatory role on CSB in quail. This is supported by the inhibitory effects of SCH-23390
(D1−) on CSB as shown by a decrease in behavioral frequency as well as the overall
facilitative effect of SKF-38393 (D1+) on post-RCSM copulatory behavior as demonstrated
by an increase in frequency and decrease in latency.

Experiment 2 – Dose-response analysis of ICV-administered D2 drugs
ICV administration of the D2 agonist Quinpirole yielded non-significant effects on both
frequency and latency of CSB (p>0.05 in all cases; table 2). As illustrated in figure 4 and
table 2, ICV administration of the D2 antagonist, Raclopride, resulted in a significant dose-
dependent effect on CCM frequency (F3,33=5.242, p=0.005) such that the behavior
frequency at the High dose was significantly greater than both in the Saline and Low dose
conditions. A similar trend was observed for M frequencies (F3,33=3.365, p=0.094).
Conversely, latencies of initiation of CSB tended to decrease with increasing doses of
Raclopride. This trend approached significance for NG (F3,33=2.361, p=0.089) and MA
(F3,33=2.876, p=0.051) but was far from significant for the two other behavior patterns.

As was done in Experiment 1, after the tests involving the ICV administration of Quinpirole
and Raclopride on CSB were completed, the effect of the same doses of these two drugs
were tested on the frequency of RCSM. This test was immediately followed by another
copulatory test performed in the same arena as was used for the RCSM test. As illustrated in
figure 1c, we identified a significant dose effect of ICV Quinpirole administration on RCSM
frequency only while viewing the female (F3,21=4.47, p=0.014). Post-hoc analysis revealed
that the Low and Medium doses produced significantly fewer RCSM than Saline. In
contrast, the RCSM frequency tended to increase after ICV administration of the Low and
Medium dose of the D2 antagonist Raclopride so that there was an inverted U-shaped
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relation between dose and effect on RCSM while viewing the female. These effects were,
however, non-significant (p>0.05 for both cases; figure 1d).

Furthermore, there was a significant dose effect of ICV Quinpirole administration on NG
frequencies measured immediately after the RCSM tests (F3,21=3.210, p=0.044) and post-
hoc analysis revealed that the Medium dose produced fewer NG frequencies than was
observed after administration of the High dose (figure 5). Besides this change in NG
frequency, there was no significant effect of Quinpirole or Raclopride at the three doses that
were tested on the frequencies or latencies of all CSBs during post-RCSM test (p>0.05 for
all cases). For all behaviors and both D2 receptor compounds, there was no main effect of
dose order and no dose by order interaction (p>0.05 for all).

The facilitative effect of Raclopride on copulatory frequency and the inhibitory effects of
Quinpirole on both RCSM and copulatory frequencies post-RCSM indicate that throughout
the brain, D2-like receptors appear to play an inhibitory role on male sexual behavior in
quail. Taken together, the results of Experiments 1 and 2 based on the ICV administration of
D1-like and D2-like receptor agonists and antagonists suggest that D1-like receptors
facilitate CSB in quail while D2-like receptors inhibit both ASB and CSB.

Experiment 3 – Behavioral effects of D1 and D2 drugs microinjected into the mPOA
Utilizing the most efficient doses from Experiments 1 and 2, we then tested the effect of the
injection of these compounds directly into the mPOA of quail. In order to focus our reported
results on meaningful comparisons, only the following post-hoc analyses are presently
reported: all compounds vs. Saline, D1+ vs. D1−, D2+ vs. D2−, D1+ vs. D2+, and D1− vs.
D2−. As illustrated in figure 6, there was a significant treatment effect on RCSM frequency
only while viewing the female (F4,60=5.864, p<0.001) and post-hoc analysis revealed that
this effect resulted from an inhibitory effect of Raclopride as compared to Saline and
Quinpirole, as well as of SCH-23390 as compared to Saline and SKF-38393. There was no
main effect of the order of drug administration (p>0.05), but there was a significant drug by
order interaction such that the animals who received the Saline injection first had a higher
RCSM frequency while viewing the female after receiving this Saline injection on the first
day of testing only (F16,60=2.316, p=0.01).

Refer to table 3 and figure 7 to see the significant effects of the injections on the copulatory
frequencies of MA, M, and CCM (MA: F4,60=3.266, p=0.017; M: F4,60=3.512, p=0.012;
CCM: F4,60=5.164, p=0.001). Post-hoc analysis revealed for MA that SCH-23390 treated
animals expressed significantly fewer behaviors than those who received Saline, but
surprisingly SKF-39393 treated animals also exhibited a decreased frequency of MA as
compared to Saline treated. As illustrated in figure 7, post-hoc analysis showed that
SCH-23390 treated quail displayed significantly fewer M than when treated with Saline and
further, the frequency of M was significantly smaller after Raclopride injection than after
Quinpirole. Lastly, for CCM, SCH-23390 injections led to a significantly reduced CCM
frequency as compared to birds when they were injected with Saline, SKF-38393, and
Raclopride. Furthermore, as also illustrated in table 3 and figure 7, there was a significant
effect of the injections on the latency to the onset of NG, MA, and M (NG: F4,60=2.818,
p=0.033; MA: F4,60=3.850, p=0.008; M: F4,60=3.092, p=0.022). Post-hoc analysis revealed
that for all three behaviors, injections of either antagonist (SCH-23390 and Raclopride)
significantly increased the latency to behavioral onset as compared to Saline injections.
Further, SCH-23390 injections also significantly increased the latency to behavioral onset of
MA and M as compared to SKF-38393 injections. For all CSB, there was no main effect of
drug administration order or any drug by order interactions for either frequency or latency
(p>0.05 for all cases).
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Together, the decreased frequency and increased latency of CSB following SCH-23390
injection as well as the inhibition of the ASB frequency by SCH-23390 suggest that when
bound by an antagonist, D1-like receptors in the mPOA of quail inhibit male sexual
behavior. Similarly, however, the inhibitory effects of Raclopride on RCSM frequency and
the increased latencies for showing NG, MA and M after injection of this D2 antagonist also
suggest that when bound by an antagonist, the D2-like receptors in the mPOA also play an
inhibitory role in male sexual behavior in quail.

DISCUSSION
In this series of experiments, we employed a central injection strategy to investigate the
possible effects of D1 and D2 selective compounds on appetitive and consummatory
measures of male-typical sexual behavior (ASB and CSB, respectively) in Japanese quail.
Previous work addressing this question had employed a peripheral injection strategy
(Balthazart et al., 1997; Castagna et al., 1997). In the first two experiments, we centrally
injected three different doses of D1 and D2 selective compounds via ICV infusions that we
compared to the infusion of Saline. Using the most effective doses based on the behavioral
data from these first two experiments, in Experiment 3 we infused the same compounds
directly in the mPOA, a key site for the action of dopamine in relation to sexual behavior.

Based on previous studies employing injections in rats (Hull et al., 1986; Pehek et al., 1988;
Warner et al., 1991; Hull et al., 1992) and in quail (Balthazart et al., 1997; Castagna et al.,
1997), we predicted that stimulation of D1 receptors would increase male-typical sexual
behavior and stimulation of D2 receptors would decrease this behavior, while antagonists
would have the opposite effect. As will be discussed in the subsequent sections of this
discussion, the results for Experiments 1 and 2 are in broad agreement with this notion.

The paradoxical effects that dopamine and the non-selective agonist apomorphine (APO) in
quail are inhibitory rather than stimulating (Castagna et al., 1997; Cornil et al., 2005),
suggested to us that investigating the effects of compounds centrally and in a tissue specific
manner (Experiment 3) was important to try to clarify how dopamine is acting in the brain to
modulate male-typical sexual behavior in quail. Given the multiple doses we employed and
the variety of dependent measures we used, our findings are understandably somewhat
complex. Therefore, we focus our discussion on the overall patterns of the results that were
identified, even though effects of some of the agonists or antagonists did not reach statistical
significance for all behaviors. Indeed, when a significant difference was detected in one
behavior of the copulatory sequence, consistent trends generally existed in the other
behaviors of this sequence. Consequently, a careful examination of the data as a whole does
indicate that certain themes have emerged (see table 4) and will be discussed further.

Effects of ICV Injections on Sexual Behavior
In Experiment 1, ICV administration of the D1 agonist SKF-38393 facilitated male CSB
measured after RCSM by increasing the frequency of M and CCM at the Low dose and MA
at both the Low and High doses. SKF-38393 administration also reduced the latency to
initiate all behaviors at most doses (tests after RCSM). In contrast, the ICV administration of
the D1 antagonist SCH-23390 inhibited the frequency of CSB, while increasing the latency
of behavioral onset at select doses. These results derived from Experiment 1 thus suggest
that overall the activation of D1 receptors throughout the brain tends to facilitate the
expression of CSB.

Furthermore, Experiment 2 suggests that the activation of D2 receptors within the brain
inhibits the expression of both ASB as well as CSB. Indeed, the ICV administration of the
D2 agonist Quinpirole inhibited RCSM behavior at the Low and Medium doses and
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inhibited the frequency of NG at the Medium as compared to the High dose (tests after
RCSM). In contrast, ICV administration of the D2 antagonist Raclopride increased the
frequency of CCM at the High dose and decreased the latency of MA. In general, the results
from Experiments 1 and 2 are thus consistent with past studies using systemic injections in
quail (Balthazart et al., 1997) suggesting that throughout the brain in this species, D1
receptors primarily facilitate while D2 receptors primarily inhibit male sexual behavior.

Comparison of Copulatory Tests Conducted Alone and Following the RCSM Test
Another pattern that has emerged is that different types of results were observed depending
on whether the copulatory tests occurred in the small arena immediately after the RCSM test
or in the larger chambers alone (i.e., not following the RCSM test). One notable difference
in the data is that it appears as though the administration of either the D1 or D2 agonists
results in more significant behavioral effects when the copulatory tests follow the RCSM
test. In contrast, the effectiveness of the antagonists’ decreases following the RCSM test as
compared to the behavioral effects observed during the copulatory tests alone. A possible
explanation for these differences could be that the female had less room in this smaller arena
to remove herself from the vicinity of the male and thus could not pace or modulate his
behavior as easily. Alternatively, these discrepancies could stem from the fact that when the
copulatory test follows the RCSM test, the male views the female for 2.5 min prior to the
onset of the copulatory test. This time in visual contact followed by time in an arena where
the male is in close proximity with the female may result in an altered neurochemical state
in the male. Based on previous studies in rats, this change in state could include, for
example, an increased dopamine concentration in the mPOA resulting from the dopamine
release that should take place following exposure to a female (Hull et al., 1995). With this
higher level of endogenous dopamine, the effects of the agonists could be amplified whereas
the effects of the antagonists would be diminished. This interpretation could be tested in
future experiments.

Effects of Tissue Specific Injections on Male Sexual Behavior
We decided that for Experiment 3 we would test both ASB and CSB simultaneously in the
same smaller chamber (RCSM test chamber) because (1) the observed behavioral trends
were, in general, similar in tests performed in the larger arena alone and in the smaller
chamber following the RCSM test and (2) these trends had in general a larger magnitude in
the latter case. We utilized the most effective doses from Experiments 1 and 2 to investigate
the effects of both D1 and D2 receptor compounds on male sexual behavior after
microinjection into the mPOA.

As illustrated in table 5, Experiment 3 revealed that the injection in the mPOA of a D1 or a
D2 antagonist decreased the frequency of both ASB and CSB and increased the latency to
initiate CSB. Specifically, both SCH-23390 and Raclopride administration decreased RCSM
frequency as compared to animals treated with Saline. SCH-23390 administration also
decreased the frequencies of MA, M and CCM as compared to Saline-treated birds while
increasing the latency of the first NG, MA and M. Raclopride decreased the frequency of M
(when compared to Quinpirole) and increased the latency of NG, MA and M when
compared to Saline.

Similar to results from the first experiment, the behavioral inhibition resulting from the
administration of the D1 antagonist in the mPOA suggests that the activation of preoptic D1
receptors facilitates male sexual behavior in quail. One single result seems to contradict this
trend: there was a decrease in MA frequency following the injection of SKF-38393. It is
possible that the dose of this compound that we selected for the third experiment may have
been too high for the tissue-selective injection. In the tests after RCSM during Experiment 1,
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there was indeed a decrease in the stimulatory effects of this compound on MA at higher
doses as compared to the Low dose. Even though Experiment 3 used the lowest of the
SKF-38393 doses tested in Experiment 1, it may have produced a very high non-
physiological concentration when administered directly into the tissue resulting in the
activation of heterologous receptor sub-types and consequently an inhibition of behavior
frequency. This interpretation can only be definitively evaluated by a future dose-response
study in which this compound would be injected directly into the mPOA.

Contrary to the results from Experiment 2, the microinjection in the mPOA of the D2
antagonist indicated that the activation of preoptic D2 receptors might also facilitate male
sexual behavior in quail. These findings suggest that the specific role played by dopamine
action in the mPOA in the control of male-typical sexual behavior might be distinct from its
actions elsewhere in the brain and periphery. There are several possible reasons for these
differences between the two studies. The first obvious difference is that, in the case of the
tissue-specific injections, the compounds administered are modulating only a relatively
small portion of the entire population of brain dopamine receptors, i.e. those specifically
located in the preoptic region in contrast to the ICV injections where a much more global
population is affected. This fact alone could be responsible for the difference in effects.

However, it is also important to note that it has clearly been established based on studies in
mammals that D2 autoreceptors are substantially more sensitive to dopamine than D2 post-
synaptic receptors (Elsworth & Roth, 1997; Cooper et al., 2003). Based on a variety of
studies completed to date there is every reason to expect that the pharmacology of the two
types of dopamine receptors in quail and other birds is very similar to what has been
described in mammals. As noted previously, the overall anatomical organization of the
dopamine system is quite similar in birds and mammals (Smeets & Reiner, 1994). The
pharmacological characterization of dopamine receptors in quail and other birds as well as
their distribution based on the autoradiographic localization of binding sites support the
claim that these receptors are homologous in birds and mammals (Dietl & Palacios, 1988;
Casto & Ball, 1994; Ball et al., 1995; Levens et al., 2000; Kleitz et al., 2009; Kubikova et
al., 2009). Recent studies involving the molecular cloning of dopamine receptors in finches
and their localization via in situ hybridization studies are also consistent with this notion
(Kubikova et al., 2010). Based on this similarity, one scenario that could explain the
difference between the studies we conducted is that, when administered ICV and through
peripheral injections, the D2 antagonist primarily blocked pre-synaptic autoreceptors and
therefore enhanced the release of endogenous dopamine (since autoreceptor stimulation
blocks dopamine release). In contrast, when we administered our selected dose of the D2
antagonist in a tissue specific manner, we may have produced a higher local concentration of
the antagonist and blocked post-synaptic receptors. The differential blockade of D2 pre- or
post-synaptic receptors could then result in opposite effects on behavior for a variety of
reasons including: modulation or not of endogenous dopamine release (see above),
differential pharmacological specificity of these two populations of receptors (Elsworth &
Roth, 1997; Cooper et al., 2003), or even differential interaction of the endogenous
dopamine with adrenergic receptors as has been described occurring in the quail POA
(Cornil et al., 2002; Cornil & Ball, 2008). It is also worth noting that the recent observation
that the ratio of D2 to D1 receptors is higher in quail than in rats (Kleitz et al., 2009)
supports this scenario. A D2 antagonist at a lower-level dose would be even more likely to
block D2 receptors in quail as compared to rats. Given the differential sensitivity of pre- and
post-synaptic receptors, it is likely that such a lower dose of a D2 antagonist would
preferentially affect pre-synaptic receptors and thus dopamine release. The data we have
obtained in this study will obviously require additional studies to clarify fully their
significance but they do raise interesting questions about the dopaminergic control of sexual
behavior in a comparative perspective.
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Comparison of the Present Report with Male Sexual Behavior in Rats
In agreement with microinjection studies to the mPOA in rats and past studies using
systemic injections in quail (Rats: Hull et al., 1986; Pehek et al., 1988; Warner et al., 1991;
Hull et al., 1992; Quail: Balthazart et al., 1997; Castagna et al., 1997), the results from
Experiments 1 and 2 suggest that D1 receptors tend to facilitate while D2 receptors tend to
inhibit male sexual behavior in quail. These data also support the notion that indeed
dopamine acts centrally to modulate this behavior. However, the results from Experiment 3
suggest that the story may not be so simplistic.

In male rats, it has been suggested that D1 and D2 receptors in the mPOA differentially
influence different aspects of copulatory behavior (Hull et al., 1992). Indeed, a D1 agonist
injected into the mPOA increased erections and decreased seminal emissions while a D1
antagonist and/or D2 agonist injected into the mPOA decreased erections and increased
seminal emissions. In addition, a D2 antagonist blocked the increased seminal emissions
induced by high doses of the non-selective agonist APO (Hull et al., 1992). Thus, together
the results from rats and quail (ICV data in current report and systemic injections in
Balthazart et al., 1997) suggest that the mechanism of control of male sexual behavior by
dopamine seems to be conserved across species.

However, contradictory to rat studies, systemic injections of APO inhibits both ASB and
CSB in a dose-dependent manner in quail (Castagna et al., 1997) and ICV injections of APO
or dopamine itself have also been shown to inhibit male sexual behavior in quail (Cornil et
al., 2005). In order to provide a possible explanation for this difference between species, we
recently assessed by in vitro quantitative receptor autoradiography the relative D1-like and
D2-like binding in the quail and rat brain. As previously described, we discovered a greater
ratio of D2 to D1 receptor binding in quail as compared to rat throughout the brain,
including areas important in the control of male sexual behavior (Kleitz et al., 2009). Thus,
the resulting inhibition of male sexual behavior following an injection (either systemic or
ICV) of a non-selective dopamine agonist could be a result of the more pronounced
activation of D2 as compared to D1 receptors in quail as compared to rats. We show here in
Experiment 2 that activation of D2 receptors by ICV injection of a D2 agonist inhibits
sexual behavior, thus providing one possible explanation as to how the administration of
APO or dopamine inhibits male sexual behavior in quail but facilitates this behavior in rats.

In contrast to these results, Experiment 3 suggests that, specifically in the mPOA, the
activation of both receptor sub-types facilitates male sexual behavior because the
administration of either D1 or D2 selective antagonists directly into the mPOA results in the
inhibition of male-typical sexual behavior. Our previous in vitro quantitative
autoradiography experiment (Kleitz et al., 2009) reported a higher ratio of D2 to D1
receptors in the mPOA of both quail and rat when compared to other brain regions. It is
therefore conceivable that there is a fundamental difference in the mechanisms of dopamine
action in the mPOA as compared to other brain regions with D2-dependent mechanisms
being more prominent in this region than in the rest of the brain. This theoretical overview
was described in more detail in the previous section.

Additionally, the antagonist data from Experiment 3 suggests that in the mPOA there is an
endogenous in vivo dopamine activity since, in its absence, there would be no neurochemical
activity to be blocked by the two receptor-selective antagonists. One critical question that
remains to be answered thus concerns the temporal pattern of dopamine release in the
mPOA during behavioral interactions with a female. In rats, it has been shown that the
presence of a female enhances dopamine release in the mPOA in a testosterone-dependent
fashion (Hull et al., 1995) and this release is critical for the activation of copulatory
behavior. In the absence of this precopulatory rise in dopamine, males failed to copulate
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when the barrier separating them from a female was removed. In contrast, males that
showed a substantial increase in extracellular dopamine in the mPOA during pre-copulatory
interactions behind the barrier, copulated with females, regardless of testosterone
concentrations (Hull et al., 1995). Similarly, recent studies in quail identified a significant
increase in dopamine release in the mPOA of Japanese quail during the expression of male
sexual behavior (Kleitz-Nelson et al., 2010). The temporal pattern of this release in relation
to the first visual exposure to the female and to the expression of copulation should now be
determined.

Specificity of dopamine action on sexual behavior (central vs. peripheral, general vs.
specific)

Some effects of dopamine in mammals appear to be related directly to the facilitation of
penile erections, whereas other actions influence sexual motivation (for reviews, see
Dominguez & Hull, 2005; Hull et al., 2006). The Japanese quail used in the present
experiments exhibit a robust pattern of testosterone-dependent sexual motivation, but like
most birds, lack an intromittent organ (Adkins-Regan, 1996; Seiwert & Adkins-Regan,
1998). Gamete transfer occurs via the male mounting the female and contacting his cloaca to
hers. This cloacal apposition presumably does not require a complex male-typical
neuromuscular control, as is the case in mammals (Seiwert & Adkins-Regan, 1998). Quail
thus have the potential to provide important information about the central versus peripheral
actions of dopamine in stimulating male sexual behavior. The similarity of D1 and D2
actions on quail copulatory behavior as compared to rats clearly suggests that dopamine
action on sexual behavior in rats does not simply reflect a modulation of penile reflexes but
most likely relates to central actions of this catecholamine that are common to both rats and
quail. In this context, experiments investigating extracellular release of dopamine in the
mPOA of quail remain essential to understand the function of this neurotransmitter in sexual
motivation and performance, in general. One important piece of information provided by the
recent microdialysis experiment mentioned above (Kleitz-Nelson et al., 2010) is that it
supports the idea that preoptic dopamine indeed plays an important role in the control of
male-typical sexual behavior independently of any action on a peripheral erectile organ. We
are currently investigating the temporal release of dopamine in the mPOA in relation to
behavioral expression in order to determine whether different dopamine concentrations are
present during precopulatory interactions and during the expression of ASB and CSB. The
knowledge gained from these future studies in conjunction with the results from the present
experiments should help us theorize how different receptors may be activated at different
concentrations and during different components of male-typical sexual behavior in quail.

Recently, questions have also been raised about the specificity of dopamine effects on
sexual behavior (Paredes & Ågmo, 2004). These authors argued that pharmacological data
support the notion that dopamine is important for motor functions and arousal and that these
general effects explain most of the effects observed on sexual behavior without the need to
invoke any specific action on sexual motivation or reward per se. Accordingly, dopamine
would affect sexual behavior exclusively by modulating autonomic responses linked with
erection and motor control rather than by a specific action on behavioral functions such as
copulation, motivation, or reward. Furthermore, Paredes and Ågmo (2004) declare that basic
principles of dose-response effects have been overlooked in past studies such that any drug
will affect behavior when the dose is sufficiently large. Lastly, they state that systemic
injections of dopamine agonists or antagonists may act at sites normally not involved in
sexual behavior and that conclusions from studies utilizing these methods should be taken
with a grain of salt since the precise sites of dopamine action are not known. The
experiments on quail described in this paper allow us to address some of these concerns.
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As already discussed, the similarity of behavioral responses in rats and quail in the absence
of an intromittent organ in quail strongly argues against the notion that dopamine action on
sexual behavior stems only as the result of the modulation of a penile response. Specifically,
the results described in the present report show a lack of effect of dopaminergic compounds
on RCSM frequency when the male is isolated, while significant changes in RCSM
frequency were detected during Experiments 2 and 3 only when the male was viewing the
female. Further, there was no observed difference in the general activity of the birds
between compounds (no change in general locomotor behavior during testing and no change
in feeding behavior in their home cage). It can thus be argued that the effects of these
compounds did not affect the general arousal of the animal; the dopamine-induced
modification in arousal was specific to the sexual context and only observed in the presence
of a female.

Finally, it is important to note that somewhat different behavioral results were observed
when the same drugs were injected ICV as opposed to directly into the mPOA. In some
cases, this discrepancy could result from the production of different concentrations of a
specific drug in the mPOA. It is indeed difficult, if not impossible to determine, what the
relative local concentrations were in the mPOA after injection of a same dose in the third
ventricle and directly into the tissue. The two sets of observations could thus relate to effects
on behavior at a different point in the dose-response curve. However, these data also point to
the potential specificity of dopaminergic effects in different brain areas. The ICV injections
obviously target the brain in a more specific manner than peripheral treatments. They are,
however, likely to affect multiple brain sites besides the mPOA adjacent to the third
ventricle. This notion is supported by the great similarity of results obtained during
experiments in which dopamine drugs were injected intraperitoneally (Balthazart et al.,
1997) or in the third ventricle (present study). Both procedures presumably affect all
dopaminoceptive brain sites that potentially play a role in the control of male sexual
behavior. In contrast, tissue injections target a specific area and thus allow for a more
precise identification of the site of action. This approach revealed here unexpected effects of
the D2 antagonist, Raclopride, suggesting therefore the presence of some tissue-specificity
in the actions of dopamine on behavior, potentially related to the higher relative density of
D2- versus D1-like receptors (Kleitz et al., 2009). Given the central role of the mPOA in the
activation of male sexual behavior and the existence in rats as well as in quail of a specific
release of dopamine triggered by the interaction with a female, it appears quite likely that
dopamine action in this brain area affects in a specific manner the expression of copulatory
behavior. Future research should determine whether and to what extent, this local action
differs from behavioral effects that were previously described based on peripheral injections.

Conclusions
In order to provide a comprehensive investigation of the central effects of dopamine on
appetitive and consummatory aspects of male sexual behavior, we utilized multiple
dopaminergic agonists and antagonists tested at several doses, two different central injection
procedures, and the Japanese quail, an avian species that lacks an intromittent organ. This
allowed us to address several concerns that were previously raised regarding the site and
specificity of dopamine action on sexual behavior (Paredes & Ågmo, 2004). Overall, the
ICV results support the notion that the activation of D1 receptors tends to facilitate the
expression of these behaviors while the activation of D2 receptors has opposite effects.
Specifically in the mPOA, as previously suggested in mammals, we also propose a
stimulatory action of dopamine on male-typical sexual behavior in quail which appears to
require a combined activation of D1 and D2 receptors. Finally, the regulation of male sexual
behavior by centrally infused dopaminergic compounds in a species lacking an intromittent
organ suggests that dopamine action on male sexual behavior does not simply reflect some
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sort of modulation of genital reflexes due to general arousal, rather it relates to the central
control of sexual motivation. Together, these data support the claim that dopamine does
indeed play a specific positive role in the control of male sexual behavior.

Abbreviations

APO apomorphine

ASB appetitive sexual behavior

CCM cloacal contact movement

CSB consummatory sexual behavior

ICV intracerebroventricular

M mount

MA mount attempt

mPOA medial preoptic area

NG neck grab

RCSM rhythmic cloacal sphincter movement
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Figure 1.
Mean (± SEM) RCSM frequency observed before and during visual access to a female in
male quail that had been injected ICV with Saline (S) or with a Low (L), Medium (M) or
High (H) dose of the D1 agonist SKF-38393 (a), the D1 antagonist SCH-23390 (b), the D2
agonist Quinpirole (c) or the D2 antagonist Raclopride (d). (a)= p<0.05 for comparison
versus Saline.
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Figure 2.
Mean (± SEM) frequency (left) and latency (right) of CCM observed during tests performed
immediately after the measure of RCSM in male quail that had been injected ICV with
Saline (S) or with a Low (L), Medium (M) or High (H) dose of the D1 agonist SKF-38393.
(a), (b), (c) = p<0.05 for comparison versus Saline (a), Low (b), and Medium (c) doses.
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Figure 3.
Mean (± SEM) frequency (left) and latency (right) of CCM observed during tests performed
immediately after the measure of RCSM in male quail that had been injected ICV with
Saline (S) or with a Low (L), Medium (M) or High (H) dose of the D1 antagonist
SCH-23390. (a) = p<0.05 for comparison versus Saline.
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Figure 4.
Mean (± SEM) frequency (left) and latency (right) of CCM observed during tests in the
large arena (no RCSM test before) in male quail that had been injected ICV with Saline (S)
or with a Low (L), Medium (M) or High (H) dose of the D2 antagonist Raclopride. (a), (b) =
p<0.05 for comparison versus Saline (a) and Low (b) dose.
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Figure 5.
Mean (± SEM) frequency (left) and latency (right) of NG observed during tests performed
immediately after the measure of RCSM in male quail that had been injected ICV with
Saline (S) or with a Low (L), Medium (M) or High (H) dose of the D2 agonist Quinpirole.
(c) = p<0.05 for comparison versus the Medium dose.
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Figure 6.
Mean (± SEM) RCSM frequency observed before and during visual access to a female in
male quail that had been microinjected in the mPOA with Saline, the D1 agonist
SKF-38393, the D1 antagonist SCH-23390, the D2 agonist Quinpirole or the D2 antagonist
Raclopride. (a), (b), (d) = p<0.05 for comparison versus Saline (a), SKF-38393 (b), and
Quinpirole (d).
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Figure 7.
Mean (± SEM) frequency (left) and latency (right) of M observed in male quail that had
been microinjected in the mPOA with Saline, the D1 agonist SKF-38393, the D1 antagonist
SCH-23390, the D2 agonist Quinpirole or the D2 antagonist Raclopride. (a), (b), (d) =
p<0.05 for comparison versus Saline (a), SKF-38393 (b), and Quinpirole (d).
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Table 4

Summary of the effects on male sexual behavior in Japanese quail after ICV administration of D1 and D2
agonists and antagonists.

D1+
SKF-38393

D1
SCH-23390

D2+
Quinpirole

D2
Raclopride

Appetitive Sex Behavior
(RCSM)

n.s. n.s. ↓ n.s.

Consummatory Sex Behavior
(NG, MA, M, CCM)

↑ ↓ ↓ ↑

↑,↓, n.s. Represents a facilitation, inhibition, and non-significant effects on sexual behavior, respectively.
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Table 5

Summary of the effects on male sexual behavior in Japanese quail after mPOA microinjections of D1 and D2
agonists and antagonists.

D1+
SKF-38393

D1
SCH-23390

D2+
Quinpirole

D2
Raclopride

Appetitive Sex Behavior
(RCSM)

n.s. ↓ n.s. ↓

Consummatory Sex Behavior
(NG, MA, M, CCM)

n.s. ↓ n.s. ↓

↓, n.s. Represents an inhibition and non-significant effects on sexual behavior, respectively.
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