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Abstract

Background—Orexin (hypocretin) signaling is implicated in drug addiction and reward, but its
role in feeding and food-motivated behavior remains unclear.

Methods—We investigated orexin’s contribution to food-reinforced instrumental responding using
an orexin 1 receptor (Ox1r) antagonist, orexin —/— (OKO) and littermate wild-type (WT) mice, and
RNAi-mediated knockdown of orexin. C57BL/6J (n=76) and OKO (n=39) mice were trained to nose
poke for food under a variable ratio (VR) schedule of reinforcement. Once responding stabilized, a
progressive ratio (PR) schedule was initiated to evaluate motivation to obtain food reinforcement.

Results—Blockade of Ox1r in C57BL/6J mice impaired performance under both the VR and PR
schedules of reinforcement, indicating impaired motivational processes. In contrast, OKO mice
initially demonstrated a delay in acquisition, but eventually achieved levels of responding similar to
those observed in WT animals. Moreover, OKO mice did not differ from WT mice under a PR
schedule, indicating delayed learning processes but no motivational impairments. Considering the
differences between pharmacological blockade of Ox1r and the OKO mice, animals with RNAI
mediated knockdown of orexin were then generated and analyzed to eliminate possible
developmental effects of missing orexin. Orexin gene knockdown in the lateral hypothalamus (LH)
in C57BL/6J mice resulted in blunted performance under both the VR and PR schedules, resembling
data obtained following Ox1r antagonism.

Conclusions—The behavior seen in OKO mice likely reflects developmental compensation often
seen in mutant animals. These data suggest that activation of the Ox1r is a necessary component of
food-reinforced responding and/or motivation in normal mice.
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INTRODUCTION

The orexins (or hypocretins) are neuropeptides implicated in multiple behavioral states ranging
from sleep (1-3), general arousal, feeding and metabolism (4,5), to drug and natural
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reinforcement processes (6), as well as drug dependence/withdrawal states (7-9) The orexins
are synthesized in neurons restricted to the lateral hypothalamus (LH) (1,10,11) that project
throughout the brain (10,12,13). The orexin receptors, orexin 1 (Ox1r) and orexin 2 (Ox2r),
are G-protein coupled receptors (11) located in numerous brain regions, including
dopaminergic projections from the ventral tegmental area (VTA) to the nucleus accumbens
(NAC) (14) that are known to regulate drug addiction and reward (15-18).

While many early studies focused on the role of orexins in narcolepsy and sleep (1-3), more
recent work has begun to explore orexin’s role in reward and drug dependence. Evidence for
the role of orexin in drug dependence comes from our laboratory where we have shown that a
mutation of the orexin gene (7) and blockade of Ox1r (8) results in attenuated somatic
withdrawal symptoms in morphine-dependent mice. The role of orexin in Pavlovian reward-
related processes has been demonstrated by experiments in which the expression of morphine-,
cocaine-, and food-induced conditioned place preference (CPP) was found to be positively
correlated with activation of orexin-containing neurons (6). Furthermore, pharmacological
blockade of Ox1r appears to attenuate CPP (6). Central orexin administration results in
reinstatement of extinguished cocaine self-administration (19) and intra-VTA blockade of
Ox1r prevents the development of cocaine sensitization (20).

While the potential involvement of orexin in mediating goal-directed behaviors, including
food-reinforced responding, remains inconclusive, a role for orexin in feeding has been
proposed. Intracerebroventricular administration of orexin (11,21-23) stimulates feeding and
increases food intake. However, orexin’s role in food-motivated behavior, such as nose poking
to obtain food reinforcement, remains unclear. Blockade of Ox1r attenuates operant responding
for high fat food pellets in rats (24,25), but has no effect on lever-pressing for sucrose (26).
Furthermore, while Ox1r antagonism has been reported to attenuate operant responding for
nicotine and cocaine, it fails to effect operant responding for regular chow(24,27).

Here, we further investigate orexin’s contribution to food-reinforced instrumental responding
using pharmacological blockade of the Ox1r, mice lacking the orexin precursor prepro-orexin
(orexin —/—, OKO), and a novel RNAi mediated knockdown of the prepro-orexin gene in the
LH. Together, these data demonstrate that Ox1r activation is an integral component of
instrumental responding for food reinforcement.

MATERIALS AND METHODS

Subjects

Subjects for pharmacological experiments and viral studies were male C57BL/6J mice (n=76),
between 8-12 weeks of age. Genetic studies were completed using prepro-orexin knock out
(OKOQ) mice (n=20) (1) and wildtype (WT) littermates (N=19), that had been backcrossed more
than five times to a C57BL/6J background, between the ages of 16-24 weeks. C57BL/6J mice
were obtained from Jackson Laboratories and housed in groups of four or five. For the genetic
experiments, mice supplied by Masashi Yanagisawa were bred and housed in groups of three
to five. All mice were maintained on a 12:12 hour light:dark cycle. One week prior to
experimental sessions, mice were placed on a mild food-restricted diet in which their weights
were reduced to, and maintained at, 85% of their free-feeding weights by means of measured
daily rations of Prolab RMH 3000 mouse chow with ad libitum access to water except during
operant conditioning sessions. Home cage feeding occurred two hours following the conclusion
of experimental sessions. On average, food restricted mice were given and consumed 9 to 10
kCal daily whereas non-restricted mice consume 14 to 19 kCal daily. No significant differences
in weights were observed in any cohort prior to food restriction. All experimental sessions
occurred during the light phase. All animal procedures were approved by the Yale Animal Care
and Use Committee.
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Design and construction of shRNA and viral delivery

Please see Supplement 1.

Immunohistochemistry

Please see Supplement 1.

Operant conditioning apparatus

Please see Supplement 1.

Operant responding under a FR1(10)+VR2 schedule of reinforcement (“VR")

Mice were habituated to the operant conditioning chambers and food pellets, during a single
session, where they were placed in the chambers for 15 minutes and each magazine entry was
reinforced with a single pellet (28). During subsequent sessions, animals were trained to nose
poke for a food reinforcer during daily 25 minute sessions. Here, the position of the correct
nose poke was counterbalanced between the left and right holes across mice. Insertions of the
nose into the correct nose poke were reinforced with a single food pellet, while responding on
the other two holes had no consequence. The first ten correct nose pokes were reinforced on a
fixed ratio 1 (FR1) schedule, in which every entry into the correct nose poke was reinforced,
after which correct nose pokes were reinforced on a variable ratio 2 (VR2) schedule, in which
one, two, or three responses were reinforced as randomly determined by the operating computer
[i.e., FR1(10)+VR2]. Since, to receive subsequent reinforcers, mice were required to retrieve
each pellet, all pellets were consumed and none remained in the magazine. The acquisition
phase continued until all mice displayed stable responding. This was defined as three
consecutive sessions during which correct responses did not vary by more than £10% averaged
over three sessions.

Operant responding under a progressive ratio 4 schedule of reinforcement (“PR")

When mice demonstrated acquisition of the nose poke response, a progressive ratio 4 (PR4)
schedule of reinforcement was introduced. Under the PR4 schedule, the response requirement
progressively increased on a linear scale, such that the response requirement was set to 1 for
the first food reinforcer and increased by 4 for each subsequent reinforcer (i.e., 1,5, 9... X +
4). Under this schedule, the ratio requirement ultimately becomes so high that mice reach a
break point (BP) where they stop responding. BPs were operationally defined as the final ratio
completed (which resulted in the delivery of a food pellet) before 5 minutes of no nose poking
(28,29). Once animals reached their BPs, the house lights were turned off and the session
automatically terminated. Mice were tested under the PR4 schedule of reinforcement for three
consecutive sessions, held once per day.

Locomotor Activity and Free Feeding

Drugs

Please see Supplement 1.

SB-334867 (1-(2-methylbenzoxazol-6-yl)-3-[1,5]naphthyridin-4-yl urea hydrochloride)
(Tocris, Ellisville, Missouri) was dissolved in 10% (w/v) (2-hyroxypropyl)-p-cyclodextrin/
10% dimethyl sulfoxide (DMSO) in sterile water and was administrated at via i.p. injections
20 minutes prior to experimental sessions. The dose of SB-334867 (20 mg/kg) used for
behavioral experiments is consistent with other recent studies (6,30), and is not associated with
locomotor deficits often seen when higher doses are administered (31).
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Data Analysis

For VR studies, mixed design two-way analyses of variance (ANOVAs) were conducted with
either genotype, knockdown, or dose of SB-334867 as the between-subjects factor and session
as the within-subjects factor. Within each experiment, separate ANOVAs were conducted to
analyze reinforcers earned, active nose pokes, inactive nose pokes, and active nose pokes as
percentage of total responses. Significant results (p<0.05) were followed by tests of simple
main effects and Bonferroni pairwise comparisons. For PR studies, data obtained during three
test sessions were averaged and separate independent samples t-tests were conducted to analyze
active nose pokes, inactive nose pokes, and BPs. Separate ANOVAs were conducted to analyze
locomotor activity with genotype or dose of SB-334867 as the between-subjects factor and
time as the within-subject factor. For free feeding, separate independent samples t-tests were
conducted to analyze total pellet consumption.

RESULTS

Ox1r blockade results in decreased responding for food

Based on previous findings implicating orexin in drug reward and motivational processes, we
aimed to investigate orexin’s involvement in food-directed instrumental responding. To assess
the role of Ox1rs, the selective Ox1r antagonist SB-334867 (20 mg/kg, i.p.) was administered
to a naive group of C57BL/6J mice prior to every VR conditioning session. Mice that received
SB-334867 or vehicle displayed significant daily increases in reinforcements earned (Figure
1A; F11, 132) = 31.76, P<0.0001) and active nose poke responses (Figure 1B; F(11 132) = 23.35,
P<0.0001), but no significant changes in inactive nose poke responses (Figure 1B) nor any
session by treatment interactions, indicating successful acquisition of the task in both groups
of animals. Expressing active nose pokes as a percentage of total responses further
demonstrates successful, and similar, acquisition of the task by both vehicle and SB-334867
treated animals (Figure 1C). However, performance was significantly blunted and total pellet
intake was significantly reduced compared to vehicle controls. Mice treated with vehicle
reached asymptotic levels of reinforcements earned (Figure 1A; sessions 9-12: F(y 1) = 4.85,
P<0.048) and active nose poke responses (Figure 1B; sessions 9-12; F(1 17) =4.89, P<0.04)
that were significantly higher than mice treated with SB-334867, with no significant session
by treatment interactions. No differences were observed in inactive nose poke responses made
on the last four sessions (Figure 1B) suggesting that the reduction in nose-poking induced by
SB-334867 is specific to food-motivated behavior rather than non-specific motoric effects.
These data provide evidence that Ox1rs mediate food-directed behavior.

Ox1r blockade results in decreased progressive ratio responding

Toassess further orexin’s role in food-motivated responding, a separate naive cohort of C57BL/
6J mice were tested for progressive ratio responding where each reinforcement earned requires
more effort (nose-pokes) than the previous reinforcement. The mice were first trained on a VR
schedule of food reinforcement until stable responding was seen, and then were switched to a
PR4 schedule of reinforcement. Mice received SB-334867 (20 mg/kg, i.p) or vehicle prior to
each PR4 operant conditioning session. To analyze PR responding, data obtained during three
sessions were averaged and used for analysis. Mice treated with the 20 mg/kg dose of
SB-334867 demonstrated a significant attenuation in BPs (Figure 2C; t(g) = 3.32, P<0.009),
active nose poke responses (Figure 2A,; tg) = 3.30, P<0.009), but no change in inactive
responses (Figure 2B) compared to vehicle treated animals. These data are consistent with a
role for Ox1r in mediating food-motivated behavior.
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Orexin =/- mice display a delayed instrumental acquisition

The use of SB-334867 established a role for Ox1r in instrumental responding to food. To
complement the above data and explore non-Ox1r dependent behaviors, OKO mice were
trained to nose poke for food reinforcement under a VR schedule of reinforcement.
Interestingly, OKO mice displayed a delay in the acquisition of the instrumental task compared
to WT controls. WT mice displayed significant daily increases in reinforcements earned
(Figure 3A) and active nose poke responses (Figure 3B) from the fourth to the ninth operant
conditioning sessions, and successfully acquired the task by the ninth session. OKO mice also
displayed significant daily increases in reinforcements earned (Figure 3A) and active nose
pokes responses (Figure 3B); however, reinforcements earned and active responses were less
than WT and were maintained at significantly lower levels until the seventh operant
conditioning session at which point animals began to demonstrate daily increases (Figure 3A—
B; For reinforcements earned: genotype (F(1, 9) = 7.57, P<0.022), session (F(10, 90y = 30.98,
P<0.0001), and interaction (F(10, 90) = 3.84, P<0.042); For active nose pokes: genotype

(F@, 9) = 7.14, P<0.03), session (F(10, 90y = 19.94, P<0.0001), and interaction (F(1o, 90) = 4.12,
P<0.025). Expressing active nose pokes as a percentage of total responses further reveals a
significant daily increase in correct to incorrect response ratio in WT animals, which is
significantly delayed in OKO mice (Figure 3C).

Although the rate of acquisition was similar between the genotypes, OKO mice were slower
to initiate acquisition (Simple main effects of session for WT mice (F(10, 90y = 24.79, P<0.0001)
and OKO mice (F(10, 90) = 14.71, P<0.001). For WT controls, reinforcements earned were
stable during sessions 1-4, with session 5 showing the first significant increase, while OKO
mice did not show a significant increase until session 9 (Bonferroni, P<.05).

As an assessment of general activity, responses made on the inactive nose pokes were recorded
to determine whether acquisition differences seen between the genotypes may be a result of
motoric deficits due to the orexin mutation. Responses on the inactive nose pokes were not
significantly different between the genotypes (Figure 3B). As a measure of general exploratory
behavior, entries into the magazine were also recorded, and no significant differences were
found between the genotypes (data not shown).

The OKO mice demonstrated a significant delay in the acquisition of food-reinforced
instrumental responding, but achieved maximal levels of responding similar to WT animals
once the task was acquired (Figure 3A-C). Analysis of reinforcers earned, active nose pokes,
and inactive nose pokes during the last three sessions failed to reveal significant genotype or
session main effects or interactions. Together, these data show that mice lacking the orexin
gene have attenuated acquisition of a food-directed operant response, but normal performance
once the task has been learned.

Orexin =/- mice display normal responding under a progressive ratio schedule of
reinforcement

Since OKO mice have a learning impairment but normal VR performance, we investigated
behavioral responding under a PR4 schedule of food reinforcement. To analyze PR responding,
data obtained during three sessions were averaged and used for analysis. The OKO mice failed
to display reduced BPs (Figure S1C in Supplement 1), active nose poke responses (Figure S1A
in Supplement 1) or inactive nose poke responses (Figure S1B in Supplement 1). These data
suggest that, unlike mice with pharmacological antagonism of Ox1r, mice lacking the orexin
gene show normal food-directed motivation.

Biol Psychiatry. Author manuscript; available in PMC 2011 April 15.
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Pharmacological or genetic disruption of orexin signaling fails to effect locomotor activity
or free feeding

To rule out the possibility that our behavioral effects are due to SB-334867 induced motoric
effects instead of mativational deficits, locomotor activity was assessed. SB-334867 treated
mice displayed general locomotor activity that is comparable to vehicle treated animals.
Similarly, OKO and WT mice did not differ in general locomotor activity (Figure S2A in
Supplement 1). Furthermore, to rule out the possibility that SB-334867 may have induced
satiation, rather than motivational effects, a separate group of C57BL/6J mice were presented
with 5 g of the food pellets and consumption was recorded. SB-334867 treated mice consumed
as many pellets as vehicle treated mice. Similarly, pellet consumption by OKO mice was
comparable to consumption seen by WT mice (Figure S2B in Supplement 1).

Conditional orexin knockdown in the LH results in decreased responding for food

Pharmacological blockade of Ox1r results in reduced performance and food motivation that is
in contrast with normal motivation seen in animals with genetic mutation of the orexin gene.
This could be due to developmental adaptations in OKO animals missing the orexin gene
product during development. To test this, we generated a viral vector (32,33) to reduce orexin
gene expression in adult mice. Adenoassociated viral (AAV) vectors were engineered to
express either a short hairpin RNA (shRNA) targeting orexin (shOrx) or a shRNA that does
not have an endogenous mRNA target to serve as a control (shCtrl). Incorporation of an EGFP
marker into the viral construct allowed the regions of infection to be accurately identified.
Fluorescent microscopy analysis demonstrated that the AAV efficiently infected the LH
(Figure 4A+B, GFP). The shCtrl control virus does not alter the field of orexin neuron
expression (Figure 4A), and infected neurons are seen to maintain orexin expression (Figure
4A right panel; Figure 4C, left panel). In contrast, infusion of shOrx virus disrupts the field of
orexin expression (Figure 4B) and infected neurons do not co-express orexin, consistent with
efficient knockdown of the target protein. Animals were considered to have significant orexin
gene knockdown if they were targeted correctly in the LH with a substantial region of the
perifornical area infected bilaterally.

To assess viral knockdown, orexin-labeled cells were counted for ShCtrl (n=3) and ShOrx
(n=3) mice. ShCtrl mice shown a significantly larger number of orexin-labeled cells (366.33
+28.14) compared to ShOrx mice (209.67+30.33) (t(4)=3.79, P<0.019). Overall, the conditional
orexin knockdown resulted in a 43% decrease of orexin-ir cells.

Conditional orexin knockdown resulted in significant daily increases in reinforcements earned
(Figure 5A; F(10, 200) = 81.76, P<0.0001) and active nose poke responses (Figure 5B;
F(10,200) = 59.62, P<0.0001) with no significant session by virus interactions indicating
successful acquisition of the task. Expressing active nose pokes as a percentage of total
responses further demonstrates successful, and similar, acquisition of the task by both shCtrl
and shOrx animals (Figure 5C).

However, performance was blunted and total pellet intake was reduced compared to shCtrl
controls. There was a significant knockdown effect when reinforcements earned (F(y 20) = 4.99,
P<0.037) and active nose poke responses (F(y20) = 5.9, P<0.025) were used as the dependent
measure, but no significant interactions were seen. These data are similar to those obtained
following blockade of Ox1r and are consistent with arole for orexin acting via Ox1r to influence
food-directed behavior.

Conditional orexin knockdown in the LH results in decreased progressive ratio responding

To characterize further the effects of a conditional orexin knockdown in motivation, shOrx
mice were tested under the PR4 schedule of reinforcement. ShOrx mice demonstrated a

Biol Psychiatry. Author manuscript; available in PMC 2011 April 15.
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attenuation in BPs (Figure 6C; t(oq) = 2.75, P<0.012), active nose poke responses (Figure 6A;
t(20) = 2.97, P<0.007), but no change in inactive responses (Figure 6B) compared to shCtrl
controls. These data are also similar to those obtained following blockade of Ox1r in C57BL6/
J mice.

DISCUSSION

The present study tested the hypothesis that orexin signaling plays an integral role in operant
responding for food-reinforcement by using pharmacological as well as genetic manipulations
of the orexin system. Here, we report that pharmacological blockade of Ox1r via administration
of SB-334867 or viral knockdown of the orexin precursor peptide impairs operant responding
for food reinforcement under the VR as well as the PR schedules of reinforcement. These data
suggestarole for orexin, and more specifically for Ox1r action, in food motivation. Conversely,
OKO mice demonstrated impaired initial acquisition of food reinforced responding and
subsequent normal performance and motivation as measured by PR. The novel orexin
knockdown animals were behaviorally similar to the SB-334867 treated animals, suggesting
that orexin action mediates performance of a food motivated task whereas developmental
compensation in the OKO mice results in normal behavior.

It is unlikely that the present findings were due to SB-334867 induced satiation or motoric
effects instead of motivational deficits. We have demonstrated here that administration of
SB-334867 prior to free-feeding sessions where food pellets are freely-available does not affect
pellet consumption. Furthermore, administration of SB-334867 does not alter general activity
as measured by locomotor activity chambers. Furthermore, OKO mice do not differ in
locomotor activity or free feeding when compared with WT controls.

Orexin’s role in feeding has received some attention since the original description of the effects
of exogenous orexin on food intake (11). These results are generally viewed as secondary to
arousal and motor activation (34,35), but studies with the Ox1r antagonists have yielded results
consistent with a role for endogenous orexin in aspects of food intake. For instance, home cage
food consumption is increased by intracerebroventricular administration of orexin A (11,31,
36) and is decreased by SB-334867 administration (36—38). However, little is known about
orexin’s role in food motivation. Here, we report that SB-334867 treatment reduces food-
directed motivation, suggesting that Ox1r activity does play a role in this behavior.

To complement the pharmacological data, we also investigated the performance of mice
lacking the orexin precursor peptide during a food-directed instrumental response.
Surprisingly, OKO mice displayed a significant delay in the acquisition of this task; however,
no differences were observed between OKO and WT mice in the expression of the instrumental
response once the task was acquired; all mice reached similar maximal asymptotic levels of
responding. This pattern suggests that orexin function may be necessary for instrumental
learning, but has little effect in mediating performance of response-contingent goal-directed
behaviors. Specifically, the orexin mutation failed to affect motivational processes when effort
to respond is increased, as under the PR schedule. Together, data obtained with the OKO mice
suggest that orexin is not required for normal food motivation.

Although only a few investigations of orexin’s role in learning have been reported, orexin
appears to play a role. Intracerebroventricular administration of orexin A has been shown to
enhance acquisition, consolidation and retrieval of a passive avoidance task (39,40), whereas
intra-hippocampal blockade of Ox1r impairs the acquisition of a passive avoidance task (41)
and the Morris water maze (42,43). Reward-related learning also appears to be modulated by
orexin as blocking orexin signaling via a unilateral lesion of the lateral hypothalamus in
conjunction with Ox1r antagonism on the contralateral side blocks the development of
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morphine CPP (44). The absence of orexin function may mediate learning deficits seen in OKO
mice.

It is possible that while OKO mice demonstrate normal motivation for regular food pellets,
motivation to obtain a high fat reinforcer may be altered. Unlike WT controls, OKO mice fail
to increase corn-oil consumption following intra-NAc DAMGO administration (45).
Surprisingly, orexin over-expressors are resistant to high fat diet-induced obesity (46).
Together, these findings suggest that in genetic models, orexin may mediate metabolic and/or
behavioral processes of high fat food consumption.

It is imperative to note that while OKO mice are valuable in the investigation of orexin
functions, behavioral differences may not necessarily reflect direct orexin function.
Conditional knockdown of the orexin gene resulted in a behavioral pattern that was similar to
mice treated with the Ox1r antagonist. The differences between PR data obtained from the
OKO and SB-334867 treated mice suggests that some developmental compensatory
mechanism may exist in OKO mice, such that the relevant function served by Ox1r stimulation
is acquired by another neural and/or molecular mechanism in mice lacking orexin.
Alternatively, the apparent learning deficiencies seen in OKO mice may reflect function of the
Ox2r receptor since SB-334867 has a higher binding affinity and selectivity for the Ox1r over
the Ox2r (47). To test the role of orexin without developmental compensation, we constructed
an RNAI knockdown vector targeting the orexin precursor peptide in order to create a
conditional orexin knockdown in an adult animal. ShOrx mice displayed significant reductions
in responding for food reinforcement. Furthermore, when presented with the PR task, shOrx
mice reached significantly lower BPs compared to shCtrl mice. These data suggest that orexin
mediates the motivation to obtain food reinforcement and serves as an example of the
importance of conditional (adult-restricted) genetic manipulations to assess the role of gene
products in behavior. Together, data obtained from the pharmacological, OKO, and orexin
knockdown experiments suggest developmental compensatory mechanisms or secondary
effects in OKO mice. Overall, these findings demonstrate a positive role for orexin function,
via Ox1r, in food-mediated instrumental responding.

A role for orexin in reward has been suggested by demonstration that Fos expression in orexin
cells is increased following place preference to morphine-, cocaine-, and food-paired
environments (6,44). Additionally, orexin has been implicated self-administration of nicotine
(27) and relapse to palatable food seeking (25). More recently, Ox1r antagonism was reported
to affect self-administration of cocaine and high fat food with no effects on responding for
regular chow in rats (24), suggesting a role for orexin in hedonic processing. Data presented
here demonstrates that orexin contributes to the motivation to obtain food reinforcement in
mice, and that these effects are not restricted to high fat palatable foods.

Although orexin activity has been linked to food intake, supporting evidence is complex as
orexin stimulates feeding only when administered during the light cycle (11,21-23) and
decreases feeding when administered at the onset of the dark cycle (22). It has therefore been
suggested that orexin’s role in feeding involves a more generalized arousal component (4,5).
It is notable that arousal is a necessary component of instrumental responding. During
instrumental tasks, arousal is generated by the presentation of reinforcement (48) and can
become conditioned to the context where reinforcement has occurred (49). Levels of arousal
are also related to asymptotic response rates and are regulated by the schedule of reinforcement.
Increased arousal results in more efficient, goal-directed responding (49). Thus, we propose
that orexin’s effects on food-motivated tasks may occur via modulating general behavioral
arousal that is essential for maximal performance in instrumental behavior.
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Figure 1.

Ox1r blockade results in decreased responding for food. (A) Mean number of reinforcers
earned. (B) Mean number of active and inactive nose pokes. (C) Mean number of active nose
pokes represented as percentage of total responses. Vertical lines represent the standard error
of the mean (SEM).
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Figure 2.

Ox1r blockade results in decreased progressive ratio responding. (A) Mean number of active
and (B) inactive nose pokes averaged across three PR4 sessions. (C) Mean BP averaged across
three PR4 sessions. Vertical lines represent the standard error of the mean (SEM).
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Figure 3. Orexin —/— mice display a delayed instrumental acquisition

(A) Mean number of reinforcers earned. (B) Mean number of active and inactive nose pokes.
(C) Mean number of active nose pokes represented as percentage of total responses. Vertical
lines represent the standard error of the mean (SEM).
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Figure 4.

Example of lateral hypothalamic infection of shCtrl (A) and shOrx (B) virus. Sections were
processed for detection of orexin neuropeptide (red) and GFP from viral infection (green).
Right panels in (A) and (B) show merged images. (C) Higher power analysis of infection sites
showing persistent orexin expression in neurons infected with shCtrl in contrast to no orexin
expression seen in neurons infected with shOrx.
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Figure 5.

RNAI mediated knockdown of the orexin gene results in decreased responding for food. (A)
Mean number of reinforcers earned. (B) Mean number of active and inactive nose pokes. (C)
Mean number of active nose pokes represented as percentage of total responses. Vertical lines
represent the standard error of the mean (SEM).
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Figure 6.

RNAI mediated knockdown of the orexin gene results in decreased progressive ratio
responding. (A) Mean number of active and (B) inactive nose pokes averaged across three PR4
sessions. (C) Mean BP averaged across three PR4 sessions. Vertical lines represent the standard
error of the mean (SEM).
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