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nvolved in multiple neurophysiological functions such as reward and motivation.
However, it is not clear whether orexins are implicated in sexual motivation. This study aims to evaluate the
effects of orexin A and the OX1R antagonist SB334867 on unconditioned sexual motivation. Forty-five male
Wistar rats are divided into four groups. The four groups are respectively administered intracerebroven-
tricularly with saline, orexin A (1, 10 μg), 10% DMSO (cyclodextrin) and SB334867 (5, 15 μg) 10–15 min before
sexual motivation tests. The preference for a receptive female to a male in an open arena with two tethered
animals is designated as unconditioned sexual motivation. The results show that orexin A reduces the female
preference (reducing time in the female zone and/or increasing time in the male zone), the number of visits
for the female zone and the total distance traveled in sexually high-motivated males. SB334867 has no effect
on the female preference, the number of visits and the distance traveled in either sexually high-motivated or
low-motivated males. Our experiments reveal that centrally administered orexin A attenuates sexual
motivation in high-motivated males although endogenous orexin A might not play an important role in the
expression of unconditioned sexual motivation.

© 2008 Elsevier Inc. All rights reserved.
1. Introduction

Orexins (hypocretins) (De Lecea et al., 1998; Sakurai et al., 1998) are
neuropeptides exclusively expressed in the lateral hypothalamus (LH)
and adjacent regions (Siegel, 2004). Orexin peptides take two forms,
orexin A and orexin B, which bind to two G-protein-coupled receptors,
OX1R and OX2R (Sakurai et al., 1998). Initially, orexins were found to
facilitate feeding (Sakurai et al., 1998) and to be involved in multiple
physiological functions, such as arousal, energy homeostasis and
neuroendocrine activities (Martynska et al., 2005; Winsky-Sommerer
et al., 2003). Recently, it was reported that orexins play an important
role in reward-associated behaviors. For instance, hunger, food
presentation and food-associated contextual cues can activate orexin
neurons (Harris et al., 2005; Mileykovskiy et al., 2005; Sakurai et al.,
1998). Orexins have also been shown to increase motivation for food
(Thorpe et al., 2005) and contribute to the expression of drug-seeking
behaviors (Harris et al., 2005). So, it is hypothesized that orexin
neurons form an interface between the internal physiological state of
an organism and motivated behaviors (Scammell and Saper, 2005). It
has also been suggested that expectation of a reward may activate
orexin neurons (Dayas et al., 2008; Harris et al., 2005).

The question of whether orexins are implicated in sexual behavior,
which is considered a reward-related behavior, remains unknown. Two
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previous studies support a role for orexins in sexual behavior. In one
study, analysis of Fos immunoreactivity in orexin neurons reveals that
orexin neurons were activated during male copulation while systemic
pretreatment with selective OX1R antagonist SB334867 impaired
copulatory behavior (Muschamp et al., 2007). In another study,
microinjections of orexin A in the medial preoptic area (MPOA), a
critical structure for male sexual behavior, facilitated copulatory
behavior in male rats (Gulia et al., 2003). In fact, male sexual behavior
comprises two basic phases. The appetitive phase consists of the sexual
motivation which is manifested by approaching a mate whereas the
consummatory phase involves the act of copulation. Appetitive
behaviors are highly variable and presumably determined by the
context, while copulatory behaviors are usually highly stereotyped
(Paredes and Agmo, 2004). Also, the two components of male sexual
behavior are partly independent and controlled by different neural
mechanisms (Paredes and Agmo, 2004). As mentioned above, orexin
neurons appear to be activated bymotivating stimuli and are extensively
involved in exploration for the potential reward. Consequently, it is
possible that orexin neurons are activated before copulation (i.e. during
the appetitive phase) by signals associated with sexual behaviors. In
previous studies (Gulia et al., 2003; Muschamp et al., 2007), the two
different components of sexual behavior were not considered when
trying to determine the involvement of orexin neurons in sexual
behavior. In the present study, the preference for a receptive female to a
malewas used to examineunconditioned sexualmotivation inmale rats
(Agmo, 2003b, 2004). In addition, the effects of orexin A and OX1R
antagonist SB334867 on female preference were evaluated.
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Fig. 1. Apparatus for unconditioned sexual motivation (according to Agmo A, 1999).
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It is worth noting that individual differences may exist in male
sexual motivation (Agmo, 2003a; Rhen and Crews, 2002). In this work,
we intentionally considered the effects of orexin A or OX1R antagonist
SB334867 on female preference in high-motivated and low-motivated
males.

2. Methods

2.1. Animals

Wistar rats (Charles River laboratories in Beijing, China) were
housed four per cage in a controlled temperature (20–24 °C) colony
room with a 12:12 h light–dark (light on at 08:00) cycle. The relative
humidity was 40–60%. Forty-five males were sexually naïve rats
weighing 330±20 g. Four sexually naïve females weighed 250 g upon
arrival to the animal facilities. Food and water were available ad
libitum. All tests were performed between 12:00 and 20:00 during the
light phase of the cycle. The experimental procedures were in
compliance with the National Institutes of Health Guide for Care
and Use of Laboratory Animals (Publication No. 85-23, revised 1985)
and the Regulations for the Administration of Affairs Concerning
Experimental Animals (China, 1988).

2.2. Surgery

2.2.1. Stereotaxic surgery
Male rats were implanted under anaesthesia (chloral hydrate,

0.4 g/kg) with a unilateral stainless steel cannula (o.d. 0.6 mm, i.d.
0.35 mm, 8 mm in length) directed towards the lateral ventricle
(coordinates: AP −0.8 mm, ML ±1.4 mm, DV −3.5 mm from the skull
surface, according to Paxinos and Watson, 1997). The guide cannulae
were securedwith three small screws and dental cement. After at least
1 week of recovery, rats were handled daily (1 min/day) before being
tested. Correct placement of cannulae was verified by an intense
drinking response (water consumedN5 ml in 30 min) to angiotensin II
(25 ng ICV). Two rats were eliminated due to lack of intense drinking
response.

2.2.2. Ovariectomy
Females were bilaterally ovariectomized under chloral hydrate

(0.4 g/kg) anesthesia at least 2 weeks before use. Artificial estrus
was induced by subcutaneous treatment with estradiol benzoate
(25 μg/rat) and progesterone (1 mg/rat) about 48–52 h and 4–6 h
before tests, respectively.

2.3. Drugs

Orexin A (Tocris, UK) was dissolved in physiological saline.
SB334867, selective OX1R antagonist (Tocris, UK) was dissolved in
10% Dimethyl Sulphoxide (DMSO) and 2% β-cyclodextrin (Sigma,
USA). β-estradiol 3-benzoate (EB) and progesterone (P) (Sigma, USA)
were dissolved in peanut oil.

2.4. Apparatus

The apparatus for unconditioned sexual motivation was a little
modified from earlier studies (Agmo, 1999). A rectangular arena
(100×50×45 cm high) had two openings (25×25 cm) diagonally
opposed on the long walls (see Fig. 1). Cages (15×25×25 cm high)
containing the male or female rats (sexual incentives) could be fitted
to these two openings. The front of the cages was made of wire mesh
(1-mmwire, mesh size 10×10mm), which allowed the subjects to see,
smell and touch the animals in the cages. The arena and cages were
made of Plexiglas with a black and rough surface inside. A virtual area
(30×20 cm) adjacent to each cage was defined as the incentive zone.
The location andmovement of rats were monitored by a video camera
suspended on the ceiling (about 2 m above the test arena). The camera
was connected to a computer via a signal transmitter. The behavioral
parameters were automatically recorded using professional software
designed by Taiji Software Company in Beijing of China. The testing
apparatus was placed in a room with dim white light provided by
three incandescent bulbs (15W). This light intensity was necessary for
adequate functioning of the videotrack system and did not affect male
sexual motivation.

2.5. Procedure

The procedure for the sexual motivation test was identical to
earlier studies (Agmo, 2003b). First, the subjects were familiarized to
the test arena for 3 days, 10 min/day, without incentive rats in cages.
Before each test, the arena and the cages were carefully cleaned with
0.1% acetic acid in water. Then, the incentives (one female and one
male rat) were placed in their cages. About 5 min later, the first
experimental subject was introduced into the middle of the arena
and observed for 10min. Thereafter, the subject was removed and the
next subject was introduced. No cleaning was performed between
two subjects. The position of the cages was randomly changed during
the test. The following indices were recorded: the time spent in
incentive zones, the number of visits to the zones and the total
distance traveled. Unconditioned sexual motivation was quantified
by the preference score (time spent in the female incentive zone/
[time spent in the female incentive zone+time spent in the male
incentive zone]).

All males were randomly divided into four groups, which were
administered i.c.v. with saline, orexin A, 10% DMSO (cyclodextrin) and
SB334867 respectively. In order to reduce the number of animals used,
each group was repeatedly tested with a vehicle or with a given drug
in different doses (Muschamp et al., 2007). Before every experimental
test, the subjects were pretested for their sexual motivation baseline
without any drug treatment. After the pretest, the test was carried out
on the next day. We did find apparent individual differences in male
sexual motivation. A number of animals expressed high or mild
preference scores while some others showed very low preferencewith
scores of around 0.5. Accordingly, the males in all groups were
respectively subdivided into two groups based on their performance
during the pretest. The animals with a preference score above the
median were placed in a high-motivation subgroup whereas those
below the median were placed in a low-motivation subgroup. During
the test, all rats were introduced into the arena 10–15 min after i.c.v.
infusions of drugs or vehicle. To avoid the disturbing effect of drug
doses, orexin A (1, 10 μg) and SB334867 (5, 15 μg) were administered
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from the low to high doses. In addition, all subjects were allowed to
rest for 3 days (drug washout period) before the second pretest and
experimental test. The injection cannulae extended 1 mm beyond the
tip of the guide cannulae. Infusions, 5 μl per injection, lasted 90 s with
the injector left in position for an additional 60 s to allow for diffusion.

2.6. Statistical analysis

Data from the high-motivation and low-motivation subgroups were
analyzed separately. Thepreference scorewasevaluatedwitha two-way
ANOVA for repeated measures on one factor. The within-subject factor
Fig. 2. Preference score in the high-motivation subgroups treated with saline (n=6) and 1 μg
incentive zones (C and D). No drug treatment was performed during pretest. Number of visit
male rats treated with saline or orexin A (G and H). Data presented are mean±S.E.M. ⁎ pb0
was “test” (“pretest” versus “test”), and the between-subject factor was
“treatment” (“vehicle” versus “drug”). A repeated measures three-way
ANOVA was performed on the times spent in incentive zones. The two
within-subject factors were “zone” (“male zone” versus “female zone”)
and “test” (“pretest” versus “test”), and the between-subject factor was
“treatment” (“vehicle” versus “drug”). Thenumberof visitswasanalyzed
with a repeated measures two-way ANOVA. The within-subject factor
was “zone” (“male zone” versus “female zone”), and the between-
subject factor was “treatment” (“vehicle” versus “drug”). In case of
significant interaction, analyses of simple effects were performed. The
distance moved after treatment with the vehicle and drugs was
of orexin A (n=6) (A), or with saline (n=6) and 10 μg of orexin A (n=6) (B). Time spent in
s to incentive zones after treatment with saline or orexin A (E and F). Distance moved in
.05, compared with pretest. + pb0.05, compared with the saline-treated group.
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compared by means of a t test. Pearson coefficient of correlation was
used to reveal the correlation between the preference scores during the
two pretests. A two-tailed significance level of .05 was used.

3. Results

3.1. Effect of orexin A on unconditioned sexual motivation in males

The preference for the female in an individual subject is relatively
stable across both pretests except for 3 subjects. After 3 males were
Fig. 3. Preference score in the low-motivation groups treated with saline (n=7) and 1 μg of
incentive zones (C and D). No drug treatment was performed during pretest. Number of visit
male rats treated with saline or orexin A (G and H). Data presented are mean±S.E.M.
eliminated (theywere eliminated for the entire analyses), a significant
Pearson correlation was found between the preference scores during
the first pretest and those during the second pretest (r2=0.33, pb0.01)
in all the subjects (males treated with vehicle or drugs). Moreover, the
preference scores in the vehicle-treated groups showed a significant
correlation between the first pretest and test (r2=0.47, pb0.01) or
between the second pretest and test (r2=0.48, pb0.01). Therefore,
most of the animals were always in the high- or low-motivation
subgroups, except that 6 subjects were incorporated into the different
subgroups in the two pretests. Since their preference scores were
orexin A (n=5) (A), or with saline (n=6) and 10 μg of orexin A (n=6) (B). Time spent in
s to incentive zones after treatment with saline or orexin A (E and F). Distance moved in
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always near the median (around a score of 0.64) during the two
pretests, we thought that the results were not apparently affected.

The drug dose was not treated as a factor since the subjects were
repeatedly tested with the vehicle or with a given drug in two doses.
Fig. 2A–D shows the effects of orexin A on female preference in high-
motivation subgroups. The preference scores were influenced by
orexin A. This was demonstrated by significant “treatment”×“test”
interactions with orexin A at doses of 1 and 10 μg (Fig. 2A: F (1, 10)=
Fig. 4. Preference score in the high-motivation groups treated with DMSO (n=6) and 5 μg of S
incentive zones (C and D). No drug treatmentwas performed during pretest. Number of visits
male rats treated with DMSO or SB334867 (G and H).
9.21, pb0.05; Fig. 2B: F (1, 10)=7.03, pb0.05). The analysis of simple
effects showed that the preference scores were decreased by orexin
A at doses of 1 μg (Fig. 2A: F (1, 10)=9.89, pb0.05) and 10 μg (Fig. 2B:
F (1, 10)=6.02, pb0.05) during the test compared with that during
the pretest. For the time in incentive zones, when orexin Awas given
at a dose of 1 μg, there was a significant “zone”×“test”×“treatment”
interaction (Fig. 2C: F (1, 10)=5.43, pb0.05). Further analysis showed
a near significant interaction between “test” and “treatment” for
B334867 (n=6) (A), or with DMSO (n=6) and 15 μg of SB334867 (n=5) (B). Time spent in
to incentive zones after treatment with DMSO or SB334867 (E and F). Distance moved in
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the time spent in female zones (F (1, 10)=4.57, p=0.058) and no
significant “test”×“treatment” interaction for the time spent in
male zones (F (1, 10)=3.08, p=0.11). The analysis of simple effects
showed that the time spent in the female zone during the test
appeared to be reduced by orexin A compared with that during the
Fig. 5. Preference score in the low-motivation groups treated with DMSO (n=7) and 5 μg of S
incentive zones (C and D). No drug treatmentwas performed during pretest. Number of visits
male rats treated with DMSO or SB334867 (G and H).
pretest despite a near significant statistical difference (F (1, 10)=4.54,
p=0.059). After delivering orexin A at a dose of 10 μg, a significant
“zone”×“test”×“treatment” interaction (Fig. 2D: F (1, 10)=8.14, pb0.05)
was found. Further analyses showed a significant “test”×“treatment”
interaction for the time in female zones (F (1, 10)=8.59, pb0.05)
B334867 (n=5) (A), or with DMSO (n=6) and 15 μg of SB334867 (n=4) (B). Time spent in
to incentive zones after treatment with DMSO or SB334867 (E and F). Distance moved in
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and a significant “test”×“treatment” interaction for the time in male
zones (F (1, 10)=4.78, p=0.05). For the orexin A-treated group, the time
spent in the female zone during the test was reduced compared with
that during the pretest (F (1,10)=5.44,pb0.05), and the time spent in the
male zone during the test was increased compared with that during
thepretest (F (1,10)=7.53,pb0.05). It was found that female preference
was attenuated by orexin A at the two doses because of the reduced
time spent in the female zone and/or increased time spent in
the male zone. Concerning the number of visits to the incentive
zones, there was no significant “treatment”×“zone” interaction after
treatment with saline and orexin A at a dose of 1 μg (Fig. 2E: F (1, 10)=
1.90, p=0.20). When saline and orexin A at a dose of 10 μg were
delivered, a significant interaction between “treatment” and “zone”
was found (Fig. 2F: F (1, 10)=10.23, pb0.01). The analysis of simple
effects showed that the number of visits for the receptive female in
the orexin A-treated group was significantly reduced compared with
that in the saline-treated group (F (1, 10)=10.59, pb0.01). It was
demonstrated that the subjects in the high-motivation subgroup
significantly reduced the number of visits for the female zone after
delivery of orexin A at a dose of 10 μg. The distance traveled was not
affected by orexin A at a dose of 1 μg (Fig. 2G: t (10)=1.53, p=0.16)
and decreased after treatment with orexin A at a dose of 10 μg
(Fig. 2H: t (10)=2.48, pb0.05).

In low-motivation subgroups, the preference scores were not
influenced by orexin A. This was demonstrated by no significant
“treatment”×“test” interaction with orexin A at doses of 1 and 10 μg
(Fig. 3A: F (1, 10)=0.17, p=0.69; Fig. 3B: F (1, 10)=0.15, p=0.71).
Similarly, for the time in incentive zones, there was no significant
“zone”×“test”×“treatment” interaction when two doses of orexin A
were given (Fig. 3C: F (1, 10)=0.01, p=0.91; Fig. 3D: F (1, 10)=0.40,
p=0.54). This shows that female preference in sexually low-motivated
subjects was not influenced by orexin A. For the number of visits, there
was no significant “treatment”×“zone” interaction after treatment
with saline and orexin A at two doses (Fig. 3E: F (1, 10)=0.34, p=0.57;
Fig. 3F: F (1, 10)=0.05, p=0.82). In contrast to the high-motivation
subgroup, the distance traveled was not affected by orexin A at doses
of 1 μg (Fig. 3G: t (10)=0.05, p=0.96) or 10 μg (Fig. 3H: t (10)=0.44,
p=0.67).

The above results suggest that exogenously delivered orexin A
exerted an inhibitory effect on sexual motivation in high-motivation
subgroups but spared low-motivation subgroups possibly due to the
“floor effect”. In order to examine the role of endogenous orexin A in
sexual motivation, experiments were done to determine the effect
on male sexual motivation when OX1R is blocked by the specific
antagonist SB334867.

3.2. Effect of SB334867 on unconditioned sexual motivation in males

Figs. 4 and 5 indicate the effects of SB334867 on high-motivation and
low-motivation subgroups. Thepreference scores in two subgroups could
not be regulated by SB334867 because no interaction between “treat-
ment” and “test” in high-motivation subgroups with SB334867 at doses
of 5 μg (Fig. 4A: F (1, 10)=1.92, p=0.20) and 15 μg (Fig. 4B: F (1, 9)=0.01,
p=0.92) or in low-motivation subgroups with SB334867 at doses of 5 μg
(Fig. 5A: F (1,10)=0.004, p=0.95) and 15 μg (Fig. 5B: F (1, 8)=0.61, p=0.46)
was found. For the time spent in incentive zones, there was no
“zone”×“test”×“treatment” interaction when SB334867 was given at
5 μg (Fig. 4C: F (1, 10)=1.14, p=0.31) or 15 μg (Fig. 4D: F (1, 9)=0.31,
p=0.59) in the high-motivation subgroup. Similarly, in the low-motiva-
tion subgroup, there was no “zone”×“test”×“treatment” interaction
when SB334867was given at 5 μg (Fig. 5C: F (1,10)=0.01,p=0.93) or 15 μg
(Fig. 5D: F (1, 8)=0.05, p=0.83). This suggests that unconditioned sexual
motivation inmaleswas not affected in either the high-motivation or the
low-motivation subgroup. The number of visits was not affected by 5 μg
(Fig. 4E: F (1, 10)=2.08, p=0.18) or by 15 μg of SB334867 (Fig. 4F: F (1, 9)=
0.46, p=0.52) in the high-motivation subgroup. In the low-motivation
subgroup, thenumberof visitswasnot affectedby twodosesof SB334867
(Fig. 5E: F (1, 10)=1.45, p=0.26; Fig. 5F: F (1, 8)=1.36, p=0.28). The
distance traveled was not affected by SB334867 at the two doses in the
high-motivation subgroup (Fig. 4G: t (10)=0.18, p=0.86; Fig. 4H: t (9)=
0.23, p=0.82) or in the low-motivation subgroup (Fig. 5G: t (10)=0.56,
p=0.59; Fig. 5H: t (8)=0.44, p=0.67).

4. Discussion

In the present study, centrally administered OX1R antagonist
SB334867 had no effect on female preference in males, and orexin A
attenuated the female preference in sexually high-motivated males.
This is in contrast to previous research which reported that systemic
pretreatment with SB334867 impairs copulatory behavior
(Muschamp et al., 2007) and that applications of orexin A in the
MPOA facilitate male copulation (Gulia et al., 2003). However, it may
be incorrect to infer intensity of sexual motivation from copulatory
performance alone because the neural mechanisms underlying
components of sexual motivation and copulation in rats can be
dissociated (for a recent review: Paredes and Agmo, 2004). In addition,
injections of orexin A in the cerebral ventricles were likely to have
different behavioral effects than local injections in the MPOA. In fact,
the inhibitory effect of orexin A found in our experiment suggests that
i.c.v. injections of orexin Amay influencemotivation by acting at other
regions of the brain that contain orexin fibers and receptors.

A more conceivable explanation for the lack of effect of SB334867
on the preference for the receptive female is that endogenous orexin A
is not involved in the expression of unconditioned sexual motivation.
Orexin A-expressing neurons may be uniquely activated by events
associated with consummatory behaviors. Harris et al. (2005) found
that orexin A-expressing neurons in the lateral hypothalamus only
responded to food- and drug-paired contexts but not to novel items-
paired context where no consummatory behavior had happened. In
the present study, sexually naïve ratswere used, and no copulationwas
permitted during the tests. It is possible that only presentation of a
receptive female without copulatory behavior (consummatory beha-
vior) does not serve as a powerful stimulus for activation of orexin
neurons. Consequently, infusions of SB334867 did not influence the
preference for receptive females. As new and specific pharmacological
agents are developed, the involvement of the OX2R in sexual behavior
should be examined.

In fact, the previous studies indicate that orexin A may contribute
toward the increased sexual arousal because systemic injection of
SB334867 significantly increased intromission latency (Muschamp
et al., 2007) and infusions of orexin A in the MPOA significantly
decreased mount and intromission latencies (Gulia et al., 2003). The
mount and intromission latency are indicators of sexual arousal which
determines how easily copulation is initiated in the presence of a
receptive female (for a recent review: Paredes and Agmo, 2004). The
previous study also shows that applications of orexin A in the MPOA
increased intromission frequency and decreased ejaculation latency,
indicating an improvement of sexual performance (Gulia et al., 2003).
In contrast to the roles of orexin A in sexual arousal and performance,
the lack of involvement of endogenous orexin A in sexual motivation is
revealed in the present study. Therefore, as far as the roles of orexin A
in sexual behavior are concerned, there may be a dissociation between
appetitive behavior and copulatory behavior.

Unexpectedly, the female preferencewas attenuated by exogenously
delivered orexin A in sexually high-motivated rats in this experiment.
Sex, as a potent natural reward, is closely associated with activity of
the mesolimbic dopamine (DA) systems that mediate reward and
motivation. Microdialysis studies have indicated that dopamine is
released into the nucleus accumbens (NAc) upon presentation of an
inaccessible receptive female (Damsma et al., 1992) or bedding from
receptive females (Louilot et al.,1991). However, exact roles of dopamine
in sexual motivation are still unclear. Manipulations of the dopamine



588 Y.J. Bai et al. / Pharmacology, Biochemistry and Behavior 91 (2009) 581–589
system have no effect on unconditioned sexual motivation (Agmo,
2003a; Ellingsen and Agmo, 2004), and even lesions of the NAc leave
unconditioned sexual motivation intact (Kippin et al., 2004). Never-
theless, there also exists the evidence that dopamine antagonism
attenuates the unconditioned sexual motivation in males (Lopez and
Ettenberg, 2001). Therefore, although orexin neurons have extensive
projections to the ventral tegmental area (VTA) and excite the
mesolimbic DA system (Fadel and Deutch, 2002; Korotkova et al.,
2003; Narita et al., 2006), the effect of orexin A on unconditioned sexual
motivation in this study may not be mediated by the DA system.

At this point, we can only speculate about the mechanism of
inhibitory effect of orexin A on female preference in males. As
mentioned above, orexin receptors are extensively distributed in the
brain, and centrally administered orexin Amaywork throughmultiple
areas. Among of them, orexin neurons play an important role in
maintaining arousal and responses to stress. Orexin receptors are
expressed in the hypothalamic paraventricular nucleus (PVN) and
pituitary, and mediate enhanced production of adrenocorticotropin-
releasing factor (CRF), adrenocorticotropin (ACTH) and corticosterone
(Spinazzi et al., 2006). Moreover, orexin receptors are highly
expressed in the extended amygdala of the basal forebrain including
the anxiety-related regions such as the central amygdala and bed
nucleus of the stria terminalis (Baldo et al., 2003; Marcus et al., 2001).
One study showed that i.c.v. infused orexin A significantly elevates
intracranial self-stimulation (ICSS) thresholds in rats, and orexin-
induced reinstatement of cocaine seeking is blocked by CRF/
noradrenergic antagonism, indicating a stress-like response elicited
by orexin A (Boutrel et al., 2005). Another study demonstrates that i.c.
v. delivered orexin A has an anxiogenic-like effect similar with that of
CRF in the mouse light–dark exploration test and in the mouse
elevated plus-maze test (Suzuki et al., 2005). It can be seen that orexin
A given centrally may generate a physiologically or psychologically
negative state. As is well known, sexual behavior is an instinctive
behavior which can be influenced by physiological, psychological and
social conditions. For example, corticosterone can rapidly reduce male
odor preferences in female mice (Kavaliers and Ossenkopp, 2001).
Furthermore, male rats do not show preference for a receptive female
when placed in an unfamiliar testing environment (Agmo, 2003b).
Therefore, orexin A may have induced a stress-like state that
interfered with male preference for a receptive female in this study.
It is possible that the neural interactions involving the stress systems
and sexual reward/motivation systems may be involved in the
mechanism underlying the inhibitory effect of orexin A on sexual
motivation observed in the present study.

The dose of orexin A employed in this experiment was similar to
other studies examining the roles of orexin A on food intake, arousal
and neuroendocrine functions. For instance, orexin A in doses of
1 and/or 10 μg i.c.v. administered to rats stimulates food intake
(Edwards et al., 1999; Rodgers et al., 2000). Intracerebroventricular
delivery of orexin A in doses of 1 and/or 10 μg increases arousal,
locomotor activity (beam breaks), grooming behavior and the levels
of prolactin, growth hormone and corticosterone in plasma (Hagan
et al., 1999).

It might be argued that the reduction in the amount of approach of
sexually receptive females is due to the increased appetitive behavior
for food, since the same doses of orexin A stimulate a number of food
intake behaviors whichmay reflect higher foodmotivation. However,
we know that orexin A not only increases food intake in rats upon
presentation of food, but also stimulates water intake when water is
available (Kunii et al., 1999). Additionally, orexin A reinstates
cocaine-seeking behavior when animals are placed in the environ-
ment where drug-taking behavior once took place (Boutrel et al.,
2005). In fact, orexins have a prominent role in regulating the
stability of arousal. A growing body of evidence seemly suggests that
the function of the orexin system is to maintain an appropriate level
of arousal and motivation, allowing various goal-oriented behaviors
(food, thirst, sex or drug) to take place. Therefore, the food intake
effect may result from arousal rather than direct feeding pressure
(Adamantidis and De Lecea, 2008). In our opinion, the type of
behavior elicited by orexin A might depend on the specific events
encountered by animals. Based on the above statements, it is
reasonable to think that orexin A induced a “hyperarousal” state
which is related to stress or an anxiety-like response. In this state, the
incentive properties of estrous females were reduced and the rats
became more alert to non-sexual stimuli, thus diverting the amount
of time dedicated to seeking a mate. Certainly, this needs to be
verified in further experiments.

Orexins are always reported to induce hyperactivity in rodents,
whichmay include large movements (ambulation and rearing) as well
as grooming behaviors (Hagan et al., 1999; Nakamura et al., 2000). In
the present experiment, only ambulatory activity was recorded, and
the total distance moved in rats was not influenced by 1 μg orexin A
but mildly reduced by 10 μg orexin A. This phenomenon is consistent
with the results in another two studies. One reports that orexin A
(3 μg) has no effect upon cage transits in rats, but increases the
duration of grooming behavior and freezing behavior as well as the
number of rears (Jones et al., 2001). The other shows that spontaneous
horizontal activities are not increased by orexin A (1 and 10 μg) inmice
placed in a novel environment (Suzuki et al., 2005). However, orexin A
in a dose of 10 μg significantly increases the time spent in grooming
behavior in rats (Hagan et al., 1999). Grooming behavior could be
considered to reflect an underlying anxiety state (Lowry and Moore,
2006). In this respect, orexin A seems to resemble CRF. It is reported
that CRF dramatically increases non-ambulatory activity and mildly
increases ambulatory locomotion in a familiar environment, but
decreases locomotor activity (number of line crossings) when rats
were tested in an unfamiliar environment (open field) (Lowry and
Moore, 2006). In our study, the testing apparatus can constitute a
novel environment for males (especially for the high-motivated
subjects) as a result of the presentation of the incentive animals. In
fact, we observed that the subjects were shuttling frequently between
the two incentive zones shortly after the tests began while the
numbers of visits for both incentive zones were reduced when orexin
A was delivered (Fig. 2F). Obviously, mild decrease of the distance
moved in rats cannot account for reduction of the preference score,
since the latter occurs only when ambulatory activity is severely
impaired (Agmo, 2003a).

In summary, centrally administered orexin A attenuates male
preference for the receptive female in high-motivated rats. These
results suggest that endogenous orexin A might not play an important
role in the expression of male unconditioned sexual motivation
since there was a lack of effect on male preference for the receptive
female for the OX1R antagonist SB334867. This paper represents
the first report on the effect of orexins on sexual motivation which
contributes to the growing understanding of the role of orexins in
various motivated behaviors.
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