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The thalamic reticular nucleus (TRN) has been implicated in
attentional processes based on its anatomical, electrophysio-
logical, and neurochemical relationships with the sensory nuclei
of the thalamus and corresponding sensory areas of cortex.
This study examined the possibility that the TRN is involved in
covert orienting of attention. Attention can be summoned to a
spatial location in the absence of an overt orienting response.
The reaction time to a visual target is faster when attention has
been drawn to the location of the target by a preceding cue in
that location (valid cue) compared with when the cue misdirects
attention (invalid cue) away from the location of the subsequent
target. This reaction time difference is referred to as the “validity
effect.”

Rats were trained to perform such a reaction time task with
visual cues and targets presented in poke holes to either side of
the rat’s head, which had to be maintained centrally and still. If
the rat made an overt orienting response to the cue, the trial
was aborted. Unilateral lesions were made by injection of ibo-
tenic acid in the TRN. After surgery, there was no bias apparent
in their responding; they were as likely to initiate responses and
were equally accurate to either side. There was, however, a
complete abolition of the validity effect for responses to con-
tralateral targets. The data are discussed in terms of a role for
the TRN in attentional processing.
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A role for the thalamic reticular nucleus (TRN) in selective
attention is suggested by studies of its anatomical, electrophysio-
logical, and neurochemical interactions with the sensory nuclei of
the dorsal thalamus and their respective cortical areas (Guillery
et al., 1998). Thus, Yingling and Skinner (1977) wrote that the
thalamic reticular nucleus is “an obvious candidate for inclusion
in any proposed control mechanism in the brain that underlies
functions such as ‘attention’.” The TRN is a sheet of GABAergic
cells to which both thalamocortical and corticothalamic fibers
send collaterals (Jones, 1985; Ohara and Lieberman, 1985).
Within the TRN, signals are segregated by sensory modality, with
the visual sector located dorsally and caudally in the nucleus
(Coleman and Mitrofanis, 1996; Loszadi et al., 1996).

Activity in the TRN may gate the thalamocortical flow of
information by sharpening receptive fields and response times of
thalamic neurons (Lee et al., 1994; Liu et al., 1995; Cox et al.,
1997; Kim et al., 1997; Cox and Sherman, 1999) and modulating
cortical arousal (Block, 1994; McDonald et al., 1998). Although
there is physiological evidence for an attentional role of the TRN
(Steriade et al., 1986), the behavioral evidence bearing on the
issue is inconclusive. Exposure to a novel complex visual envi-
ronment induced immediate early gene expression in visual TRN
(Montero, 1997), and asymmetry of exploratory behavior results
in asymmetric Fos-labeling in TRN (Montero, 1999). Lesions of
the TRN produce multimodal deficits in orientation (Friedberg

and Ross, 1993), but these tests of overt orientation also do not
unequivocally demonstrate attentional rather than a sensory or
motor role (Hoyman et al., 1979; Carli et al., 1985; Brown and
Robbins, 1989). The TRN may have a role in learning and
memory (M’Harzi et al., 1991; Collery et al., 1993; Tenas-Huerga
et al., 1998), but such function neither demonstrates nor rules out
involvement in attentional processes.

Posner (1980) devised a laboratory task to measure covert
attentional processes, which has enabled the neural and pharma-
cological substrates of attention to be explored (Posner et al.,
1984; Petersen et al., 1987; Robinson et al., 1995; Witte et al.,
1997). A cue that precedes a target in the same location speeds
reaction time to the target compared with a cue that misdirects
attention to a different location. This reaction time effect is
thought to reflect the benefit of directed attention and/or the cost
of misdirected attention. Administration of GABAergic com-
pounds into the pulvinar of monkeys modifies shifts of attention
(Petersen et al., 1987). The pulvinar receives GABAergic projec-
tions from the TRN and from the superior colliculus (Lane et al.,
1997), either or both of which may be significant for attention
(Robinson and Kertzman, 1995).

It is possible to measure covert orienting in the rat (Ward and
Brown, 1996), and evidence suggests that the TRN is a likely
candidate as the substrate of covert orienting. Therefore, in the
present study, we explored the effects of lesions of the TRN on
covert orienting in the rat.

Parts of the paper have been published previously in abstract
form (Weese and Brown, 1998).

MATERIALS AND METHODS
Animals. Twenty Lister hooded rats (Charles River, Kent, UK) were
housed individually in 25 3 45 3 15 cm plastic cages on a 12 hr light /dark
cycle. Testing was conducted in the light phase. The rats were maintained
on a restricted diet of 15–20 gm of food (reward pellets plus standard
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laboratory chow) per day, and ad libitum water was available in the home
cage throughout. The weight range was 215–280 gm at the start and
373–432 gm at completion of the study. The guidelines laid out in the
Principles of Laboratory Animal Care (National Institutes of Health,
Publication No. 86–23, revised 1985) and the requirements of the United
Kingdom Animals (Scientific Procedures) Act 1986, were carefully fol-
lowed throughout.

Apparatus. The test apparatus was the same nine-hole box (CeNeS,
Cambridge, UK) used in a study of covert orienting by Ward and Brown
(1996). Inset into one wall of the chamber is an array of poke holes. At
the rear of each hole is a single bulb that can be illuminated at varying
levels of brightness. Photocell light source assemblies across the front of
each hole detect nose pokes into the hole. In the wall opposite the
response holes is a food hopper occluded by a hinged panel and contain-
ing a light. An automatic dispenser delivers pellets (45 mg; BioServ,
Frenchtown, NJ) to the hopper. The chamber is illuminated by a house
light in the center of the ceiling, and the entire chamber was encased in
a ventilated sound-attenuating box.

Training reg imen. The training and testing protocols were essentially
the same as that described by Ward and Brown (1996). First, rats were
habituated to the chamber for 1 hr with food pellets placed in the hopper.
Second, they were trained to collect food from the hopper over several
days by making food delivery and light onset in the hopper contingent on
a panel press. Third, a trial was initiated by a panel press, which turned
off the hopper light and illuminated the lamp in the center hole. Nose
pokes into the center hole were rewarded by the onset of the hopper lamp
and the delivery of a pellet. The required duration of the nose poke was
gradually increased over days; if a rat failed to maintain the required
nose poke duration, a 1 sec “time-out” period ensued, during which the
house light was extinguished and no food was available. Then, the house
and hopper lights turned on, and the rat could initiate another trial with
a panel press. In the fourth and final stage, the testing paradigm was
introduced.

Testing paradigm. The trial events are depicted in Figure 1. A trial was
initiated by the rat pushing the hopper panel, which resulted in the
illumination of the central hole. A nose poke into the center hole started
a foreperiod of 0.2, 0.3, 0.4, or 0.5 sec, at the end of which a brightly lit
target appeared in one of the side holes with a duration of 150 msec. At
the start of the foreperiod, a dim cue light was illuminated for 100 msec
in either one of the side holes. On 50% of the trails, the cue was
presented in the location of the subsequent target (i.e., a valid cue);
invalid cues (appearing on the side opposite the subsequent target) were
presented on the remaining 50% of the trials. The order of valid and
invalid cue trials and variable foreperiods was randomized. A correct
response into the target hole, within 2 sec of withdrawing from the center
hole, was rewarded with a food pellet. Errors (see below) caused the
house light to be extinguished for a 1 sec time-out and were not followed
by a reward. Although trials were not repeated after an error, when the
rat made an anticipatory withdrawal before target onset, the subsequent
trial used the same foreperiod with only the side of the cue and the target
being reselected. This was to avoid the possibility that the rat would abort
all the trials with the longest foreperiods.

The eyes of a rat are lateral in its head and thus both cannot be
directed to one side only. Exploratory eye movements are thought to be
unlikely in the rat (Sefton and Dreher, 1995) but, rather, orienting head
movements are made toward stimuli of interest. Therefore, for confir-
mation of covert orienting of attention in the rat, it is most important that
the head of the rat is maintained centrally and still. The configuration of
the poke holes is such that, when the rat makes a sustained nose poke, its
head is oriented forward and level. Any processing enhancement of the
target conferred by a peripheral cue cannot therefore be attributable to
previous foveation of (i.e., an overt orientation to) the target location but
must be caused by a shift in attention.

Testing sessions were terminated after completion of 120 correct trials.
Presurgical testing continued until the rat demonstrated stable reaction
times and statistically significant shorter reaction times to targets pre-
ceded by a valid cue than when preceded by an invalid cue over five test
sessions (600 trials). Postsurgical testing began after a 2 d recovery period
and lasted for 5 d (600 trials).

Definition of measures. Reaction time was the time from target onset to
withdrawal from the central hole. Three types of errors were possible: a
nose poke in the hole opposite the target was an incorrect response;
withdrawal from the central hole before the onset of the target was an
anticipatory error; and failure to respond to either side hole within 2 sec
was a late error.

Surgery. The rats received a unilateral infusion of the neurotoxin
ibotenic acid (Tocris Cookson, Bristol, UK) into the TRN. The side of
the lesion was assigned randomly.

Anesthesia was induced with an intraperitoneal injection of pentobar-
bitone sodium (1.0 ml/kg, 65 mg/ml). The rats were then placed in a
stereotaxic frame with atraumatic ear bars (Kopf, Tujunga, CA), with the
nose bar set at 15 mm. A midline incision was made along the scalp, and
the skin and fascia were retracted to expose the skull. A hole was then
drilled in the skull on one side only, at the coordinates of 23.6 mm
posterior and 63.8 mm lateral to bregma. The needle of a 1 ml syringe
containing 0.3 ml of 0.09 M ibotenic acid was then lowered to 27.4 mm
below the skull surface, and the ibotenic acid was infused manually at a
rate of 0.1 ml every 3 min. The syringe was left in place for 3 min before
being withdrawn slowly. The incision in the scalp was then closed using
sterile metal clips. Finally, the animal was placed in a warm cage to
recover before transfer back to a home cage.

Histology. At the conclusion of postsurgical testing, the rats were killed
by intraperitoneal administration of Euthanol (1.0 ml/kg; pentobarbi-
tone sodium, 200 mg/ml). The rats were perfused transcardially with
phosphate buffer for 2 min at a rate of 10 ml/min, followed by a 4%
paraformaldehyde in phosphate buffer for 20 min at the same rate. The
brains were then removed and placed into a 20% sucrose–4% parafor-
maldehyde phosphate buffer solution until processed. Serial coronal
sections 50-mm-thick were cut using a freezing microtome, and two
adjacent sections every 400 mm were taken for staining with cresyl violet
and immunohistochemistry with parvalbumin stain. The intact TRN
stains darkly with parvalbumin, which can be used to assess cell loss in

Figure 1. Schematic illustration of trial events. Trials were initiated by
the rat making a sustained nose poke into the central of three holes. At
the start of the variable foreperiod, a cue was presented to the left or right.
The target could also appear on the left or the right. The side of the cue
did not predict the side of the target; for 50% of trials, the target was on
the same side as the cue (validly cued), and for the remaining 50%, it was
on the opposite side (invalidly cued). The rat reported the location of the
target by making a nose poke response in the side hole.
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that structure. Cresyl violet sections were also examined under a light
microscope for evidence of damage outside of the TRN.

Data analysis. The reaction times and percentage of incorrect re-
sponses were compared for trials on which targets were presented ipsi-
lateral or contralateral to the lesion. Repeated-measures ANOVA was
used with four within-subject factors: surgery (preoperative and postop-
erative); side of target relative to lesion (ipsilateral and contralateral);
cue type (valid and invalid); and duration of foreperiod (four levels: 0.2,
0.3, 0.4, and 0.5 sec). Analyses of simple main effects (Winer, 1971) were
used to examine the source of multifactorial interactions. Anticipatory
responses were also analyzed by ANOVA, but because these responses
are made before the target, it is not meaningful to consider them in terms
of side of target or cue validity. Therefore, these data were analyzed with
only the within-subject factors of surgery (preoperative and postopera-
tive) and foreperiod (four levels: 0.2, 0.3, 0.4, and 0.5 sec).

RESULTS

Histology
Fourteen rats sustained unilateral damage that included the vi-
sual sector of TRN. Of the six rats excluded from the analyses,
one sustained a large lesion that encroached into the lateral
geniculate nucleus, one was found to have a tumor in the thala-
mus, apparently unrelated to the lesioning procedure, and four
had incomplete or no lesions. Figure 2 shows a coronal
parvalbumin-stained section from the brain of one rat at approx-
imately bregma 23.4 mm. The lesions typically extended from
bregma 22.6 mm to bregma 23.8 mm. In most cases, the lesion
included auditory, as well as visual, TRN, typically with no
sparing of the nucleus in the sections posterior to bregma 23.4
mm. There was no obvious damage to the fiber tracts that border
the TRN. There was no reduction in tissue volume to suggest loss
of fibers, but we cannot rule out the possibility that demyelination
might have occurred. It is possible that transient demyelination
accompanies all excitotoxic lesions (Brace et al., 1997). There
appears to be no method by which demyelination can be pre-
vented; however, Brace et al. (1997) report the presence of axons
within their excitotoxic lesion area, and the process of remyeli-
nation that they report is strongly suggestive that these fibers are
functional.

Performance accuracy
Overall, performance accuracy was over 90%, and therefore there
were too few error trials on which to base reliable conclusions
regarding changes after the lesion. There were no reliable pat-
terns in the frequency of late responses. Anticipatory responses
increased as a function of foreperiod (main effect of foreperiod,
F(3,39) 5 76.7; p , 0.01), as would be expected. After the lesion,
there were fewer anticipatory responses (interaction of surgery
and foreperiod, F(3,39) 5 6.0; p , 0.01). Incorrect responses were
more likely at the shortest foreperiod after invalid cues (interac-
tion of validity and foreperiod, F(3,39) 5 3.4; p , 0.05). However,
these errors were infrequent, and there was no statistically signif-
icant change in the pattern of errors after the lesion (interaction
of surgery, side, and validity, F(3,39) 5 0.005; NS; interaction of
surgery, side, validity, and foreperiod, F(3,39) 5 0.12; NS).

Reaction time
The effects of the lesion were seen in the reaction time data; the
reaction time difference between validly and invalidly cued targets
(the validity effect) was abolished on the contralateral side. Figure
3 shows preoperative and postoperative reaction time plotted by
side (ipsilateral and contralateral) and foreperiod. From the
graphs, it is apparent that reaction time decreases as a function of
foreperiod (main effect of foreperiod, F(3,36) 5 190.7; p , 0.01),
and at the shortest foreperiod, reaction time is faster when
preceded by a valid cue (interaction of validity and foreperiod,
F(3,36) 5 15.2; p , 0.01). However, this pattern changed postop-
eratively; reaction time was no longer faster to contralateral
targets when preceded by contralateral cues (interaction of sur-
gery, side, validity, and foreperiod, F(3,36) 5 3.9; p , 0.02). Figure
4 shows the same data replotted to show the validity effect (invalid
minus valid reaction time). The validity effect is significantly
reduced at the shortest foreperiod in the postoperative data on

Figure 2. Parvalbumin-stained coronal sections at approximately bregma
23.4 mm from the brain of one rat. The unlesioned TRN is shown in the
lef t, and the lesioned tissue is shown on the right. All sectors of the TRN
between coronal levels 23.0 and 23.8 mm were lesioned in most rats. The
TRN was spared anterior to bregma 22.2 mm.

Figure 3. This figure shows the mean 6 SEM reaction time of 14 rats
who had sustained unilateral lesions of the TRN. For responses to ipsi-
lateral targets, reaction time is faster for validly cued trials at the shortest
foreperiod. For reaction time to contralateral targets, there is no reaction
time difference between validly and invalidly cued trials.
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the contralateral side, indicating an abolition of the benefit of
attentional orienting to contralateral cues (analysis of the validity
effect restricted by side: interaction of surgery and foreperiod,
F(3,39) 5 4.5; p , 0.01). The validity effect on the ipsilateral side
was not significantly different (interaction of surgery and forepe-
riod, F(3,39) 5 0.5; NS).

DISCUSSION
In this study, we have shown that, after unilateral lesions of the
TRN, there is no processing advantage for a contralateral target
when it is preceded by a cue in the same location (a valid cue).
Postoperatively, reaction times to validly cued contralateral tar-
gets increased to the level of invalidly cued targets, indicating that
the contralateral cue no longer drew attention. Thus, the effect of
the lesion was to abolish the processing advantage conferred by
cues contralateral to the lesion. This is unequivocal evidence of a
role for the TRN in covert orienting of attention.

To date, there have been few behavioral studies examining the
effects of lesions of the TRN. This is most likely because of two
factors: the anatomical position and configuration of the nucleus
and the availability of suitable behavioral tests. The Discussion
will first consider the former and then focus on the latter.

Lesion specificity
The anatomical position and configuration of the TRN in the rat
and the primate is such that it would seem to be rather difficult to
make a selective lesion. A lesion of the lateral geniculate nucleus
would result in blindness and must therefore be avoided. Further-
more, the TRN forms a relatively thin sheet of tissue, interposed
between the thalamus and cortex. It surrounds the thalamus, so it
would appear that multiple small injections would be necessary to
effect a lesion of sufficient size but that did not encroach into the
cortex or thalamus. However, the TRN is bounded by the internal
capsule and the medial lemniscus. We found that it was possible
to make a lesion of the TRN, taking advantage of the fact that the

injected neurotoxin spreads along the boundary fibers. The toxin
“wicked” through the nucleus, resulting in a reasonably extensive
and yet rather selective lesion (Fig. 2). Not all the injection
placements were effective; even a small error of placement would
result in an injection into fibers and an incomplete or no lesion.
However, when an injection was placed in the TRN, the lesion
was confined to TRN and did not include adjacent structures.

Behavioral analysis
The hypothesis that the TRN is the substrate of the spotlight of
attention can only be tested using a sophisticated visual atten-
tional task in which the ability to orient attention (i.e., covert
orientation) can be distinguished from the ability to orient the
head (i.e., overt orientation). Until recently, such a task has not
been available for the rat. However, using this cued visual reac-
tion time task, a great deal can be learned about orienting of
attention and the role of the TRN. The pattern of reaction time
changes after the lesion provides a good deal of additional infor-
mation concerning the nature of the contribution of the TRN to
covert orienting, and it is on this that the Discussion will focus.

When attention is directed to a spatial location, reaction time
to a target is faster compared with when attention is misdirected
(for example, away from the target location) before target onset.
This could be attributable to a benefit for directing attention to
the location of the target, to a cost of misdirecting attention, or to
a combination of both of these factors. From the present results,
it is apparent that, after the lesion, the benefit for processing of
contralateral targets conferred by the contralateral cue is abol-
ished. If there were a reduction of the cost of a cue presented
contralaterally, one would expect a decrease in reaction times to
the subsequent ipsilateral target. This decreased reaction time
would reduce the validity effect on the ipsilateral side. If, on the
other hand, there were a reduction of the benefit of a contralat-
eral cue, an increase in reaction times to the contralateral target
that it preceded would be expected. This increase would reduce
or eliminate the validity effect on the contralateral side. If the
lesion reduced the ability of a contralateral cue to both distract
the animal from an ipsilateral target and prepare it for the
presentation of a contralateral target, the validity effect would be
reduced on both sides. After a unilateral lesion, we find changes
in the validity effect for contralateral targets only. There is no
reaction time advantage provided by valid cues presented on the
side contralateral to the lesion, indicating that directed attention
no longer benefits the processing of targets on the contralateral
side. However, there is no corresponding reduction in cost when
an ipsilateral target follows the contralateral cue. The evidence
for a decrease in the benefit of a contralateral cue preceding a
contralateral target, but not in the cost of an contralateral cue
preceding an ipsilateral target, suggests that the effect of a pe-
ripheral cue is to prime the visual system to process a subsequent
target in the same hemifield. A cue presented to the hemifield
opposite the target is not a distraction because the transmission
pathway for the ipsilateral target is unaffected.

Yingling and Skinner (1977) and Skinner and Yingling (1977)
suggested that the TRN might be the neural substrate of an
attentional filter that gates the flow of information to the cortex by
means of its topographically organized inhibitory influence on
thalamic relay nuclei. The cortex, in turn, regulates the influence
of the TRN on thalamocortical transmission. Thus, the cortex
determines which signals will be suppressed and which will be
enhanced by the TRN. When a stimulus (for example, the cue in
the present study) is presented, the glutamatergic synapses from

Figure 4. This figure shows the mean 6 SEM validity effect (invalid
minus valid reaction time), preoperatively and postoperatively, for ipsi-
lateral and contralateral responses. Preoperatively, the validity effect is
equal for responses to either side. The validity effect is not seen in the
postoperative data on the contralateral side, indicating an abolition of the
benefit of attentional orienting to contralateral cues. There was no change
in the magnitude of the validity effect on the ipsilateral side.
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the cortex onto TRN neurons cause the depolarization or disin-
hibition of thalamocortical neurons, possibly by stimulating the
TRN inhibition of local-circuit GABAergic neurons in thalamic
nuclei (Steriade et al., 1986) or by group II glutamate receptor
mediated-inhibition of TRN efferent neurons (Cox and Sherman,
1999). The cue facilitates the transmission of a signal from any
subsequent stimulus (such as the target) in the same field. The
validity effect dissipates over time, corresponding to the maxi-
mum duration of the depolarization. A unilateral lesion in the
TRN eliminates the priming effect of contralateral cues, resulting
in an increase in reaction time to contralateral targets because
they no longer benefit from this priming. When cues and targets
are both ipsilateral, reaction time continues to show the benefit of
priming because that pathway is unaffected by the lesion. This
account fits well with the biased competition model of Desimone
and Duncan (1995). This model states that stimuli compete for
limited information processing resources and that a cue sets up an
attentional template that biases the competition in favor of a
target with the same features or in the same location. The TRN
may play a role in the formation or maintenance of the attentional
template.

In summary, the benefit of a valid cue on the reaction time to
a visual target is found across species, and the present results
provide new evidence that the TRN is critically involved in this
process.
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