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Abstract

Rationale Orexin neurons project to a number of brain
regions, including onto basal forebrain cholinergic neurons.
Basal forebrain corticopetal cholinergic neurons are known
to be necessary for normal attentional performance. Thus,
the orexin system may contribute to attentional processing.
Objectives We tested whether blockade of orexin-1 recep-
tors would disrupt attentional performance.

Methods Rats were trained in a two-lever sustained
attention task that required discrimination of a visual signal
(500, 100, 25 ms) from trials with no signal presentation.
Rats received systemic or intrabasalis administration of the
orexin-1 receptor antagonist, SB-334867, prior to task
performance.

Results Systemic administration of the orexin-1 receptor
antagonist, SB-334867 (5.0 mg/kg), decreased detection of
the longest duration signal. Intrabasalis SB-334867
(0.60 pg) decreased overall accuracy on trials with longer
signal durations.

Conclusions These findings suggest that orexins contribute
to attentional processing, although neural circuits outside of
basal forebrain corticopetal cholinergic neurons may medi-
ate some of these effects.
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Introduction

Orexins (also known as hypocretins) are neuropeptides
released from neurons located in the lateral hypothalamus
and contiguous perifornical area (de Lecea et al. 1998;
Sakurai et al. 1998). The orexinergic system projects to a
number of neuronal targets, including to the basal forebrain
(Peyron et al. 1998; Cutler et al. 1999), forming synapses
onto cholinergic neurons in the basal forebrain (Fadel et al.
2005). Moreover, intrabasalis infusions of orexin A
increase stimulated cortical acetylcholine release (Fadel et
al. 2005). Intrabasalis orexin A stimulates acetylcholine
release in the somatosensory cortex more potently than
orexin B (Dong et al. 2006). Given that orexin B has
preferential binding for the orexin-2 receptor, whereas
orexin A has high affinity for the orexin-1 and orexin-2
receptors (Sakurai et al. 1998), it seems likely that the
orexin-1 receptor contributes importantly to orexin A-
induced increases in cortical acetylcholine release (Fadel
and Frederick-Duus 2008). Consistent with this speculation,
intrabasalis infusions of an orexin-1 receptor antagonist can
block stimulated cortical acetylcholine release (Frederick-
Duus et al. 2007). Despite clear evidence that orexins can
stimulate cortical acetylcholine release via actions in the
basal forebrain, the cognitive or behavioral impact of
orexinergic projections to the basal forebrain has not been
characterized.

The basal forebrain corticopetal cholinergic system is
hypothesized to mediate aspects of attentional processing
(Everitt and Robbins 1997; Sarter et al. 2005). In humans,
systemic administration of drugs that decrease cholinergic
function inhibit cognitive processing (Ebert and Kirch
1998) and those that increase cholinergic function can,
under some conditions, enhance cognitive processing
(Bentley et al. 2004). Experiments with rats have been
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helpful in further demonstrating that cortically projecting
basal forebrain cholinergic neurons represent an important
neural component of the cholinergic system involved in
attention. In attention-demanding tasks involving pressing
one lever following a brief signal and a different lever
following no signal, 192 IgG-saporin-induced lesions of
basal forebrain corticopetal cholinergic neurons decrease
signal detection accuracy (McGaughy et al. 1996, 2002). In
similarly designed tasks, signal detection is also decreased
by systemic administration of muscarinic receptor antago-
nists (McQuail and Burk 2006; Johnson and Burk 2006).
Moreover, cortical acetylcholine release is elevated during
attentional task performance compared with control tasks
(Passetti et al. 2000; Dalley et al. 2001; Arnold et al. 2002).
Choline-sensitive biosensors have provided evidence for
enhanced cholinergic transmission following attention-
demanding visual cues (Parikh et al. 2007). Collectively,
these data implicate the basal forebrain corticopetal
cholinergic system in attentional processing.

Several lines of evidence suggest a role for orexin
peptides in cognition. Human narcolepsy is associated with
dramatic—and fairly selective—Iloss of hypothalamic
neurons (Nishino et al. 2000; Peyron et al. 2000;
Thannickal et al. 2000) and studies suggest that narcoleptic
patients show attentional deficits even during periods of
normal wakefulness (Rieger et al. 2003). In rats, direct
administration of orexin B into the prefrontal cortex
improves performance in an attentional task (Lambe et al.
2005). Finally, recent data demonstrate that transnasal
delivery of orexin A ameliorates sleep deprivation-induced
cognitive deficits in monkeys (Deadwyler et al. 2007).
Collectively, the literature suggests that both orexin A and
orexin B may play roles in modulating cognitive function.
However, given evidence suggesting that intrabasalis orexin
A may be more effective than orexin B at increasing
electroencephalographic, electromyographic, and behavior-
al indices of wakefulness (Espaiia et al. 2001; Thakkar et al.
2001; Dong et al. 2006) and the lack of a commercially
available selective orexin-2 receptor antagonist, we have
chosen to focus on orexin-1 receptor effects on attention
that may be mediated via the basal forebrain. Several
experiments have shown that intrahippocampal infusions of
the orexin-1 receptor antagonist, SB-334867, can disrupt
aspects of spatial working memory (Akbari et al. 2006,
2007, 2008). The contribution of orexin inputs to the basal
forebrain in an attentional task that clearly depends on
cholinergic transmission has not been assessed.

The present experiments were designed to test whether
orexins contribute to attentional processing. Rats were
trained in a two-lever sustained attention (SAT)-
demanding task that requires discrimination of brief and
variable visual signals from trials with no signal
presentation. After a signal, pressing one lever allowed
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access to a water dipper whereas, if no signal was
presented, pressing another lever led to water dipper
access. This task was chosen for several reasons. First,
the task was developed and validated as a measure of
attention (McGaughy and Sarter 1995) in rats based upon
a taxonomy of vigilance (Parasuraman et al. 1987).
Second, as mentioned above, selective lesions of basal
forebrain corticopetal cholinergic neurons decrease signal
detection in this task, without affecting accuracy on trials
with no signal presentation (McGaughy et al. 1996). The
lack of lesion effects on nonsignal trials is important as it
suggests the lesions did not affect the animals’ ability to
respond based upon the task rules. Third, manipulations
that decrease the activity of corticopetal cholinergic
neurons, such as systemic or intrabasalis administration
of benzodiazepine receptor agonists (Moore et al. 1995) or
glutamate receptor antagonists (Fadel et al. 2001), de-
crease signal detection in this task (Holley et al. 1995;
Turchi and Sarter 2001). Finally, some experiments have
provided evidence that this task may be useful for
translation to humans (Bushnell et al. 2003; Demeter et
al. 2008). In the present experiment, after reaching stable
performance levels in this attention task, rats were given
either systemic or intrabasalis administration of the
orexin-1 receptor antagonist, SB-334867, prior to task
performance. We hypothesized that orexin-1 receptor
blockade would disrupt signal detection accuracy.

Materials and methods
Subjects

A total of 24 male Long—Evans rats (13 for systemic
administration, 11 for intrabasalis administration), weigh-
ing 151-175 g at the beginning of the experiment were
used (Charles River Laboratories, Inc., Wilmington, MA,
USA). The rats were housed individually in a
temperature- and humidity-controlled environment with
a 14:10-h light/dark cycle (lights on 0600-2000 hours).
All behavioral testing took place between 0900 and
1200 hours, 5-6 days per week. Animals were water
restricted throughout behavioral testing, receiving water
during the task and for 30 min after the testing session.
The rats were allowed at least 1 h of water access on
days when no behavioral testing occurred. Food was
available ad libitum for the duration of experiment. The
experimental protocol was approved by the Institutional
Animal Care and Use Committee at the College of
William and Mary, and all animals were treated accord-
ing to the Guidelines for the Care and Use of Laboratory
Animals as set forth by the National Institutes of Health
(National Research Council 1996).
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Apparatus

The rats were trained in one of 12 chambers each housed
within a sound-attenuating box. One side of the chamber
contained two retractable levers, a water port with a water
delivery dipper (0.01 ml) located between the two levers,
and three panel lights. One panel light was positioned
directly above each retractable lever, and the third panel
light was located above the water port. Only the panel light
above the water port was used for these experiments. A
house light was located on the other side of the chamber.
The house light remained illuminated during all behavioral
testing sessions. [lluminance levels of the house and panel
lights have been previously described (Burk 2004). Behav-
ioral testing programs were controlled by a personal
computer using the Med-PC version IV software.

Behavioral training prior to drug administration

During the first day of training, the retractable levers were
extended into the chamber at all times. The water dipper
was raised (3.0 s access to 0.01 ml tap water) as
reinforcement for each lever press. To minimize a lever
bias, five consecutive presses on a lever resulted in the
discontinuation of water access until the other lever was
pressed. Rats were required to meet a criterion of 120
reinforcers per session for three sessions in order to move to
the next training stage. During the second stage, the rats
were trained to discriminate between signals (1 s illumina-
tion of the panel light) and nonsignals (no illumination of
the light). After a signal or no signal, the retractable levers
were extended into the chamber. Half of the rats were given
water access for pressing the left lever after a signal, which
was recorded as a hit. If the rat pressed the right lever after
a signal trial, the trial was recorded as a miss. Following no
signal presentation, a press on the right lever was recorded
as a correct rejection and water access was provided. A
press to the left lever was recorded as a false alarm. The
rules of the task were reversed for half of the rats. Thus, for
these animals, the right lever was the correct response
following signal presentation and the left lever was the
correct response following no signal. Incorrect choices were
followed by a correction trial that was identical to the
previous trial. Three consecutive incorrect choices resulted
in a forced choice trial in which only the correct lever was
extended for 90 s. If the errors occurred on signal trials, the
panel light remained illuminated for the duration of the
lever extension during the forced choice trial. For all trials,
if no lever press was made within 3 s after lever extension,
the trial was scored as an omission. The intertrial interval
(ITT) for this stage of training was 12 s. Criterion for
completion of this stage of training was set at 70% hits and
70% correct rejections for three consecutive sessions.

During the final version of the task, three signal
durations were used: 500, 100, and 25 ms. The presentation
of these signal durations was randomly varied. In addition,
the ITI was reduced to 9+3 s. The changes to the signal
duration and to the ITI were designed to increase attentional
demands (Parasuraman et al. 1987; Koelega et al. 1990).
No correction trials or forced choice trials were used during
the final task. There were a total of 162 trials each session
(81 signal, 81 nonsignal). Trials were pseudorandomly
presented such that for every 18 trials, half were signal
trials (three trials with each signal duration) and half were
nonsignal trials. Sessions lasted for approximately 40 min.
The animals were trained in this task until a criterion of
70% hits on the 500-ms signal and 70% correct rejections
for three consecutive sessions was met. Animals were
considered prepared for drug administration after reaching
criterion.

Procedures for SB-334867 preparation and systemic
administration

The nonpeptide orexin-1 receptor antagonist SB-334867
(Tocris Bioscience, Ellisville, MO, USA) was suspended in
a vehicle solution of 1.0 ml saline, 200 mg Hydroxy-beta-
cyclodextran, and 125 ul 100% dimethyl sulfoxide. This
drug has been well-documented as a selective orexin-1
receptor antagonist, with greater than 50-fold selectivity for
orexin-1 receptors compared with orexin-2 receptors
(Duxon et al. 2001) and no appreciable affinity for over
50 other G-protein coupled receptors and ion channels
(Smart et al. 2001). The entire solution was placed on a
vortex prior to injection. All drug preparation occurred
immediately prior to the injection.

The rats received three intraperitoneal (ip) injections:
vehicle solution, 1.0 mg/kg SB-334867, and 5.0 mg/kg
SB-334867 in a counterbalanced order. This dose range has
been shown to block stimulated cortical acetylcholine
release (Frederick-Duus et al. 2007). All injections were
administered immediately prior to the beginning of each
testing session. After the injection, each rat was placed in
its appropriate testing chamber and the program was
activated. The task began after a 10-min delay. The house
light was illuminated throughout the delay period. At least
2 days of behavioral training took place between drug
administrations in order to reestablish baseline task perfor-
mance, which was defined as 70% hits on the 500-ms
signal and 70% correct rejections.

Surgical procedures

For rats receiving intrabasalis drug administration, after
reaching baseline criterion in the attention task, animals
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received bilateral intrabasalis guide cannulae implanta-
tions. Prior to surgery, rats received 2.7 mg/ml acetamin-
ophen diluted in water overnight. Animals were
anesthetized using ip injections of 90.0 mg/kg ketamine
and 9.0 mg/kg xylazine. After the surgical area was
shaved with an electric razor, rats were placed in a
stereotaxic device (Kopf Instruments, Tujunga, CA,
USA) with the incisor bar set 3.3 mm below the
interaural line. An incision was made along the midline
from anterior to posterior (AP), exposing the skull. Holes
were drilled over the target coordinates for guide
cannulae implantation (AP and medial-lateral (ML) from
bregma, dorsal-ventral (DV) from the interaural line;
AP —1.3 mm, ML +2.7 mm, DV +3.5). Eight-millimeter
guide cannulae (22 gauge) were used, with each internal
cannula extending 1 mm beyond the guide cannula.
Three stainless steel screws were also inserted into the
skull. Dental cement was used to secure guide cannulae
placements. Dummy cannulae were inserted to prevent
clogging. Rats were given free access to food and water
for 1 week after surgery, after which the rats were
returned to water restriction and began to retrain on the
task. Infusion procedures began once the rats reestab-
lished criterion performance.

Procedures for SB-334867 infusions

The drug preparation procedures were identical to those
described for systemic drug administration. Animals
received two to three sham infusion sessions prior to
drug infusions, in which a short (5.0 mm) internal
cannula (28 gauge) was inserted but no drug was
delivered. These sham infusion sessions were designed
to acclimate the rats to the infusion procedures prior to
drug administration sessions. The rats received four drug
doses: vehicle solution, 0.15, 0.30, and 0.60 pg
SB-334867, infused bilaterally into the basal forebrain
in a randomized order. These values are within the range
of intracranial doses of SB-334867 shown to block the
development of morphine conditioned place preference
(Harris et al. 2007) but are well below those that reduce
spontaneous motor activity (Kiwaki et al. 2004). Infusions
were made through internal cannula attached to a 1.0-pl
Hamilton syringe via polyethylene tubing. A total volume
of 0.5 pl was infused into each cannula at a rate of 1.0 pl/
min. After the infusions were completed, the internal
cannula remained in place for 1 min to allow drug
diffusion. Animals were then placed into the behavioral
testing chambers and the task began 1 min after the rats
were placed in the chambers. At least 2 days of behavioral
training took place between each infusion to reestablish
baseline task performance.
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Histological procedures

Rats were deeply anesthetized with 90.0 mg/kg ketamine
and 9.0 mg/kg xylazine (ip). Rats were then transcardially
perfused with 10% sucrose and then 10% formalin at a
pressure of 300 mmHg using a Perfusion One instrument
(myneurolab.com, St. Louis, MO, USA). The brains were
then removed, put into formalin for not more than 48 h and
then into a 30% sucrose solution in phosphate-buffered
saline for at least 3 days. The tissue was sectioned (50 um)
using a freezing microtome (Leica, Wetzlar, Germany).
Sections near the cannula sites were stained using cresyl
violet. Sections were viewed using an Olympus BX-51
Research microscope to assess cannulae placement.

Behavioral measures and statistical analyses

The number of hits (H), misses (M), correct rejections (CR),
false alarms (FA), and omissions were recorded for each
testing session. Each session was divided into three blocks
(trials 1-54, trials 55—108, and trials 109-162) to assess the
effect of the drug within each session. The relative number
of hits per block at each signal duration, as well as for
the overall session, was calculated as [H/(H+M)], and the
relative number of correct rejections per block and for the
overall session was calculated as [CR/(CR+FA)]. Relative
hits can range from 0 (the correct rejection/miss lever was
pressed every time a signal was presented) to 1 (the hit/false
alarm lever was pressed following every signal). Relative
correct rejections have a similar range, with the opposite
lever being pressed following no signal presentation for
values of 0 or 1. An angular transformation (X'=2x
arcsin \x) of the relative hits and correct rejections was
conducted to normalize all accuracy data (Zar 1974). A
measure of overall SAT accuracy was also calculated using
the formula: SAT=(H—-FA)/(2x(H+FA)-(H+FA)?)
(McGaughy et al. 1996; Nuechterlein et al. 2009). The
SAT measure takes into account accuracy on signal and
nonsignal trials. The SAT scores can vary from —1 to 1,
with a value of 1 indicating that responses were correct to
all signal and nonsignal trials. A value of 0 indicates an
inability to discriminate between signals and nonsignals.
Omissions were analyzed separately from measures of
response accuracy.

The SAT measure and the relative number of hits were
analyzed using repeated-measures analysis of variance
(ANOVA) with the factors of signal duration, block, and
dose. The relative number of correct rejections and
omissions were analyzed using repeated-measures ANOVA
with the factors of block and dose. Data analyses were
conducted with SPSS 15.0 for Windows (SPSS, Chicago,
IL, USA). A level of a=0.05 was used to determine
statistical significance.
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Results
Systemic SB-334867 administration

Systemic SB-334867 produced differential effects across
signal duration and dose, without affecting detection of
nonsignals (Fig. 1; Table 1). To test this observation, a
signal duration (500, 100, 25 ms)*dose (0.0, 1.0, 5.0 mg/kg)
ANOVA was conducted for the signal trials. This analysis
yielded main effects of signal duration (F(2, 24)=172.5,
p<0.05) and a significant signal durationxdose interaction
for the hits (F(4, 48)=2.87, p<0.05), but the main effect of
dose was not significant. The main effect of signal duration
reflects decreases in accuracy when the signal duration was
shorter (Fig. 1). Follow-up one-way ANOVAs of the hits
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Fig. 1 The SAT measure (a; see text for calculations of the SAT
measure) and relative hits (b) during attention task performance
following systemic administration of the orexin-1 receptor antagonist,
SB-334867 (0.0, 1.0, 5.0 mg/kg; n=13). There were no significant
effects of SB-334867 on the SAT measure, although there was a trend
for SB to decrease overall accuracy. SB-334867 did significantly
decrease relative hits on 500-ms signal trials. The asterisk indicates
significant difference in detecting the 500-ms signal between vehicle
and 5.0 mg/kg. Error bars represent standard errors of the mean

Table 1 Summary of nonsignificant effects of systemic (ip; n=13) or
intrabasalis SB-334867 (n=8) administration on relative correct
rejections and omissions per session (meanzstandard errors of the
mean)

SB Dose Correct rejections Omissions per session
Vehicle, ip 0.86+0.03 9.4+4.3

1.0 mg/kg, ip 0.83+0.03 8.8+4.6

5.0 mg/kg, ip 0.84+0.02 15.1+4.8

Vehicle, intrabasalis 0.87+0.03 10.0+£3.7

15 pg, intrabasalis 0.86+0.03 11.5+4.7

30 g, intrabasalis 0.85+0.02 26.5+£15.5

60 g, intrabasalis 0.82+0.04 32.2+173

with dose as a factor at each signal duration revealed a
significant effect of dose at the 500-ms signal (F(2, 24)=
3.43, p<0.05), but not at the 100- or 25-ms signals
(p>0.10). Compared to vehicle administration, the hits
following 5.0 mg/kg SB-334867 were lower following the
500-ms signal (#(12)=2.26, p<0.05; Cohen’s d=0.63;
Fig. 1). A similar signal durationxdose ANOVA was
conducted for the SAT measure. This analysis yielded a
main effect of signal duration (F(2, 24)=169.7, p<0.05)
and the signal durationxdose interaction approached, but
did not reach statistical significance (F(4, 48)=2.51,
p=0.062). The reason for the discrepancy in the analyses
of SAT and hits is that the SAT is a measure of accuracy
on signal and nonsignal trials and accuracy on nonsignal
trials (correct rejections) was unaffected by drug adminis-
tration (Table 1). No significant effects of SB-334867 were
found for correct rejections (Table 1). Finally, although
there was an increase in omissions following higher SB-
334867 doses, this effect was not statistically significant
(F(2, 24)=1.89, p=0.184; Table 1).

Intrabasalis SB-334867 administration

The data from one rat were not included in behavioral
analyses due to inappropriate cannulae placements, and the
data from two rats were not analyzed because they did not
maintain stable task performance. Thus, there were a total
of eight rats included in the behavioral analyses. Cannulae
were located dorsal to the horizontal limb of the diagonal
band, medial to the striatum, and ventral to the external
globus pallidus (Fig. 2). Cannula tracks were characterized
by loss of tissue and gliosis.

Signal duration (500, 100, 25 ms)xdose (vehicle, 0.15,
0.30, 0.60 pg) ANOVAs were conducted for the SAT
measure and for the relative hits. These analyses did not
yield main effects or significant interactions involving dose
for the SAT measure or for hits. To test whether there were
any effects of SB-334867 at the longer signal durations, as

@ Springer



Psychopharmacology

Fig. 2 Cannula placements within the basal forebrain at —1.3 mm to
bregma (modified from Paxinos and Watson 2005). Circles indicate
the location of the infusion cannulae, which extended 1.0 mm beyond
the guide cannula. Substantial variability in anterior—posterior loca-
tions was not observed. All cannulae were located dorsal to the
magnocellular preoptic nucleus. CPu caudate/putamen, EGP external
globus pallidus, MCPO magnocellular preoptic nucleus, /DB nucleus
of the horizontal limb of the diagonal band

observed following systemic SB-334867, we conducted
planned comparisons that compared vehicle administration
with each drug dose including only the longer signal
durations in the ANOVAs for the SAT measure and hits.
This analysis yielded a main effect of dose (F(1, 7)=6.012,
p<0.05; partial 7°=0.54) for the SAT measure when vehicle
was compared with 0.60 pg SB-334867. Thus, 0.60 ug
SB-334867 decreased overall accuracy, as assessed by the
SAT measure, but this effect was restricted to analyses in
which the shortest signal duration was omitted. Similar
analyses did not yield any significant effects of drug on the
hit rate nor were there any effects of drug at the 25-ms
signal duration for either the SAT measure or hits (Fig. 3;
Table 1). There were no significant effects of drug dose on
correct rejections (Table 1). Finally, although there was a
trend for elevated omissions following higher SB-334867
doses (Table 1), omissions were not significantly affected
by drug administration (F(3, 21)=0.848, p=0.45).

Discussion

The present experiments tested whether orexin-1 receptor
blockade affects performance in an attention-demanding task
that is dependent upon the integrity of basal forebrain
corticopetal neurons. Systemic orexin-1 receptor blockade
decreased detection following presentation of the longest
signal duration. Infusions of SB-334867 into the basal
forebrain decreased overall task performance, as assessed
with the SAT score, without selective effects on detection of
signals or nonsignals. The effect sizes suggest that systemic
SB-334867 produced a “medium” effect on task performance
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Fig. 3 The SAT measure (a; see text for calculations of the SAT
measure) and relative hits (b) during attention task performance
following intrabasalis administration of the orexin-1 receptor antago-
nist, SB-334867 (0.0, 0.15, 0.30, 0.60 pg; n==8). The asterisk indicates
that, compared to vehicle, intrabasalis SB-334867 (0.60 pg) signifi-
cantly decreased overall accuracy in the task at the longer signal
durations, as indicated by the SAT measure (p<0.05). There were no
effects of SB-334867 on the relative hits. Error bars represent standard
errors of the mean

whereas intrabasalis SB-334867 produced a “large” effect
(Cohen, 1988). The lack of effects on omissions in either
experiment suggests that drug administration did not
substantively affect motivation for the reinforcement or the
motoric capabilities necessary for task performance. Al-
though 0.6 ng SB-334867 did increase omissions for some
animals, on average, the animals completed approximately
80% of the trials following this drug dose. The effects of
orexin-1 receptor blockade in either experiment cannot be
explained as a side bias because, for example, if the rat was
pressing exclusively the correct rejection/miss lever, then a
decrease in hits would be accompanied by an increase in
correct rejections. The fact that systemic SB-334867
decreased signal detection following the 500-ms signal
duration may seem counterintuitive. The hit rate following
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the 25-ms signal was relatively low (20-44% across both
experiments), indicating that rats most commonly responded as
if no signal was presented on these trials. This relatively low hit
rate may have contributed to difficulty observing further drug-
induced declines in accuracy. However, the lack of the effects
of systemic SB-334867 following the 100-ms signal cannot be
attributed to a floor effect. Sarter et al. (2005) distinguish
between signal-driven processing and cognitive modulation of
signal detection, with cognitive modulation including the rules
for appropriate responding based on signal-driven processing.
SB-334867 may have disrupted the ability to generate the
appropriate signal-guided response (as opposed to signal-
driven processing per se), which would be expected to
produce the largest deficit following the 500-ms signal, when
a signal-guided response most often has to be generated.

Systemic SB-334867 decreased signal detection accuracy
whereas intrabasalis SB-334867 did not. The decrease in
signal detection following systemic SB-334867 could be
mediated via the basal forebrain corticopetal cholinergic
system, as previous studies have shown that pharmacological
blockade of muscarinic receptors (Johnson and Burk 2006;
McQuail and Burk 2006) or selective loss of corticopetal
cholinergic neurons decrease signal detection in the present
task (McGaughy et al. 1996). The systemic SB-334867-
induced decrease in hits at the 500-ms signal is similar to
effects observed in experiments that reported relatively more
minor loss of cortical cholinergic inputs (40—70% loss of
cortical acetylcholinesterase-positive fibers; McGaughy and
Sarter 1998; McGaughy et al. 1999). Of course, it is possible
that systemic orexin 1 receptor blockade affected circuitry
outside of basal forebrain corticopetal cholinergic neurons.
For example, the orexin system has extensive interactions
with norepinephrine (Baldo et al. 2003), a neurotransmitter
system implicated in aspects of attention (Foote et al. 1991,
Aston-Jones et al. 1999).

Intrabasalis SB-334867 decreased the SAT measure,
whereas systemic SB-334867 did not significantly decrease
the SAT measure. The SAT measure includes accuracy on
signal and nonsignal trials. Without a selective decrease in
hits or correct rejections, the SAT measure typically reflects
a nonsignificant decrease in accuracy on both signal and
nonsignal trials (Fig. 3; Table 1). Lesions that predomi-
nantly destroy noncholinergic basal forebrain neurons,
using ibotenic acid, decrease correct rejections in this task
(Burk and Sarter 2001). Although speculative, it is possible
that the effects of intrabasalis SB-334867 administration on
attentional performance reflect the actions of orexin-1
receptor blockade on basal forebrain cholinergic and
noncholinergic neurons (Sarter and Bruno 2002). Some
orexin-positive projections to the basal forebrain appear to
form synapses onto neurons that were not immunopositive
for choline acetyltransferase (Fadel et al. 2005). Many of
these neurons appear to be magnocellular and parvalbumin-

immunoreactive (unpublished data) suggesting that they
may contribute to the GABAergic component of the
basalocortical projection system (Gritti et al. 1993, 1997;
Zaborszky et al. 1997). In summary, the present experiments
provide evidence that orexin-1 receptor blockade can disrupt
accuracy in the present attention-demanding task, but clearly,
additional work is needed to identify the mechanisms
underlying the observed accuracy impairments. Moreover,
the present results may underestimate the contribution of
orexinergic projections to the basal forebrain in attention
because only orexin-1 receptors were blocked.

Implication of orexin effects on attention for pathological
conditions

In addition to a clear role in narcolepsy, orexins have been
strongly implicated in a number of other pathologies with
an attentional component, including drug addiction (Harris
et al. 2005) and schizophrenia (Deutch and Bubser 2007;
Lambe et al. 2007). Furthermore, several lines of evidence
indicate declines in markers of orexin function in aging
(Terao et al. 2002; Zhang et al. 2002; Porkka-Heiskanen et
al. 2004; Downs et al. 2007), suggesting that orexin
dysfunction may contribute to age-related decline in
cholinergic-dependent attentional function.

In summary, the data support the conclusion that orexins
can modulate attentional performance. Some of the effects
of orexin-1 receptor blockade on attention may be mediated
by basal forebrain corticopetal neurons although it seems
likely that there are other neural circuits that also contribute
to the effects of SB-334867 observed in the present
experiments. Alterations of orexinergic functioning may
represent a common neural substrate of the attentional
dysfunction that accompanies such diverse conditions as
drug relapse and age-related cognitive decline.
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