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a b s t r a c t

Cues associated with food availability and consumption can evoke desire for food, sometimes leading
to excessive intake. We have found, however, that food cues acquire incentive motivational proper-
ties (the ability to attract and to serve as conditional reinforcers) in some individuals (sign-trackers),
but not others (goal-trackers). We asked, therefore, whether rats that are attracted (attribute incentive
salience) to a food cue are the same individuals in which a food cue reinstates food seeking behavior, and
eywords:
ood cue
eeding
oal-tracking
ign-tracking
ncentive salience

whether this is modulated by hunger. We report that a food cue produced more robust reinstatement
in individuals prone to attribute incentive salience to reward cues (sign-trackers), than in those that do
not (goal-trackers). Furthermore, hunger significantly facilitated reinstatement in sign-trackers, but not
goal-trackers. In conclusion, individual variation in the propensity to attribute incentive salience to food
cues may contribute to susceptibly to eating disorders, and therefore, studies on the psychological and
neurobiological basis of this variation may provide new insights into such disorders.
einstatement
ncentive motivation

. Introduction

Cues associated with rewards can acquire such powerful control
ver behavior that individuals sometimes have difficulty resist-
ng them. Indeed, cues that have acquired incentive motivational
roperties: (a) are attractive, eliciting approach toward them; (b)
re “wanted”, in that individuals will work to get access to them;
nd (c) spur pursuit of their associated reward [1,2,10]. The incen-
ive properties of food cues have been especially well characterized
1,14,18], and in both humans and non-human animals food cues
an increase desire for food and evoke feeding behavior. For exam-
le, if moderately sated humans, who minutes earlier expressed no
ore desire to eat, are simply presented with a highly palatable

ood the desire to eat is reinstated [3]. Similarly, when presented
ith an auditory conditional stimulus (CS) or a context that had
reviously been associated with food availability otherwise sated
ats reinstate feeding [13,19,12 for review].

There is, however, considerable individual variation in the abil-

ty of food-associated cues to motivate behavior to earn a food
eward [9] and to elicit eating [5], which may be related to vari-
tion in the degree to which reward-related cues are attributed
ith incentive salience [6,14]. For example, if a localizable CS is
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repeatedly paired with delivery of a food reward (the uncondi-
tional stimulus, [US]) the food cue itself becomes attractive eliciting
approach and engagement with it, but only in some rats – these are
called sign-trackers (STs) [14]. In other rats the food cue itself does
not attract, but instead, upon CS presentation these animals learn
to approach the location where food will be delivered – these ani-
mals are called goal-trackers (GTs) [14]. Furthermore, a localizable
food cue is a more effective conditional reinforcer, reinforcing the
learning of a new instrumental response, in STs than GTs [14]. Thus,
the cue serves as an equally effective predictive CS in both STs and
GTs, as it comes to evoke a conditional response (CR) in both, but
it serves as a more attractive and “wanted” incentive stimulus in
STs [14]. Although we have previously shown the ability of a food-
associated cue to attract and to serve as a conditional reinforcer
differs in STs and GTs [14], we have not shown whether the ability
of a food cue to reinstate food-seeking behavior differs in STs and
GTs. Therefore, the purpose of the present experiment was to study
the ability of a food cue to reinstate food seeking behavior following
extinction of an instrumental response required to obtain food, in
rats characterized as STs or GTs. Furthermore, physiological states,
such as hunger, potently modulate the incentive value of food and
food-associated cues for most individuals [1,18], and therefore, we
also studied animals that were either sated or fasted.
2. Methods

Ninety-six male Sprague–Dawley rats (Harlan, Indianapolis, Indiana) weigh-
ing 300–350 g upon arrival were housed individually in a colony room on a

http://www.sciencedirect.com/science/journal/01664328
http://www.elsevier.com/locate/bbr
mailto:ter@umich.edu
dx.doi.org/10.1016/j.bbr.2010.04.021
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(Fig. 1D and F), which they engaged vigorously (Fig. 1E). Thus, the
lever-CS evoked a CR in both STs and GTs, but the CS itself became
attractive only in STs, suggesting the lever-CS was attributed with
incentive salience in STs but not GTs (see [6,14] for further discus-
sion).

Fig. 1. Behavior directed towards the lever-CS vs. the location of food delivery (the
L.M. Yager, T.E. Robinson / Behavi

2-h light/12-h dark cycle (lights on at 08:00 h). Water was available ad libitum
hroughout the experiment and food was available ad libitum through the end
f Pavlovian training. After completion of Pavlovian training, all animals were
estricted to approximately 16 g of rat chow per day, which maintained their
eight at 85% of their free feeding weight. Their daily ration of food was given

fter each test session and animals were given one week to acclimate to the
estricted diet before further testing. Following reliable instrumental respond-
ng, half the rats were again given ad libitum access to food and the remainder
f the rats remained food restricted. All behavioral testing was conducted in
ixteen standard (22 cm × 18 cm × 13 cm) test chambers (Med Associates Inc., St
lbans, VT, USA) located in sound attenuating cabinets. All procedures were
pproved by the University of Michigan Committee on the Use and Care of Ani-
als.

.1. Pavlovian training

To determine which rats were STs and which were GTs all animals were first
rained using a Pavlovian procedure described previously [8]. Briefly, in five daily
essions consisting of 25 trials/session an illuminated retractable lever (the lever-CS)
ocated either to the left or right of a centrally located food magazine was inserted
nto the chamber for 8 s on a random-interval 90-s schedule. Immediately following
etraction of the illuminated lever a single 45-mg banana-flavored food pellet (the
S) (BioServe, #F0059, Frenchtown, NJ, USA) was delivered into the food magazine.
o instrumental response was required by the animal to initiate delivery of the food
ellet. Following Pavlovian training animals were classified as sign-trackers or goal-
rackers. Sign-trackers were defined as the 25% of animals who made the most lever
resses during presentation of the CS and goal-trackers were defined as the 25% of
nimals who made the fewest number of lever presses. The remaining animals were
ot used further.

.2. Instrumental training

One week after completion of Pavlovian conditioning, instrumental training
egan in chambers that contained a centrally located food magazine flanked on
ither side by a nose port. Animals were trained to make an instrumental response (a
ose poke) for a single chocolate-flavored food pellet (BioServe, #F0299) and illumi-
ation of the active nose port (the light-CS) for 5 s on a fixed ratio (FR) 1 20 s time-out
chedule of reinforcement. Responses into the active port during the time-out, or
nto the inactive port, had no programmed consequence. Rather than restricting the
ength of the session, animals were required to earn a fixed number of pellets each
ay, which increased across days. This procedure was used to ensure that all ani-
als received exactly the same number of response-reward/light-CS pairings during

nstrumental training

.3. Extinction and reinstatement test

Once animals showed stable responding and were taking 80 pellets/session,
xtinction training began. The day prior to extinction training, a subset of STs and GTs
ere allowed ad libitum access to food (sated group) while the remaining animals

emained food restricted (fasted group). Groups were matched based on the number
f active nose pokes made during the final two days of training at the 80 pellet crite-
ion. All animals underwent daily 40-min extinction sessions until they reached the
riteria of two consecutive days with less than 15% of their active nose pokes during
he final two days of instrumental training. During extinction sessions responses
esulted in no programmed consequences (active nose pokes did not result in food
elivery or illumination of the nose port). All animals reached the criterion for
xtinction in 4 days of extinction training. The day following extinction training,
nimals were given a single 40-min test for cue-induced reinstatement. During this
est responses into the active nose port illuminated that port (i.e., produced the
ight-CS) for 2 s, but no food was delivered.

.4. Statistics

Pavlovian conditioning, instrumental training, and extinction training were ana-
yzed using liner mixed-effects models. To analyze data from the cue reinstatement
est we addressed the following planned (“a priori”) questions: (1) Did the cue
einstate responding? To test this we used paired t-tests to compare the num-
er of active responses with the average number of responses during the last 2
ays of extinction. (2) Were there group differences in the degree of reinstate-
ent? To test this we analyzed data separately for sated and fasted animals using
wo-way repeated measures ANOVAs. Group differences in reinstatement were
ndicated by a significant phase-by-group interaction. (3) Did physiological state
fasted vs. sated) modulate the degree of reinstatement in STs or GTs? To test this
e again used two-way repeated measures ANOVAs, and group differences were

ndicated by a significant phase-by-food group interaction. Significance was set at
< 0.05.
rain Research 214 (2010) 30–34 31

3. Results

3.1. Pavlovian training

As expected from previous studies [14], during Pavlovian train-
ing animals designated STs and GTs acquired very different CRs
(Fig. 1). STs learned to reliably and rapidly approach the lever-CS
(Fig. 1A and C) and they vigorously engaged it (Fig. 1B). In con-
trast, GTs rarely approached the lever-CS, but upon its presentation
they instead learned to reliably and rapidly approach the food cup
food cup) during Pavlovian training in rats designated sign-trackers (STs; n = 24)
or goal-trackers (GTs; n = 24). The mean ± SEM for: (A) probability of approaching
the lever-CS during the 8-s CS period, (B) number of lever contacts, (C) latency to
first lever contact after CS presentation, (D) probability of approaching the food cup
during the 8-s CS period, (E) number of food cup entries during the 8-s CS period,
and (F) latency to the first food cup entry after CS presentation.
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.2. Instrumental training

Following Pavlovian training all animals were food restricted
nd then trained to nose poke for delivery of a food pellet, which
as paired with illumination of the nose port (the light-CS).
nimals in each group received the same number of response-
einforcer (and light-CS) pairings by requiring them to take a fixed
umber of pellets each session. During instrumental training there
ere no group differences in active [F(1,71) = .002, p = .963] or inac-

ive responses/session [F(1,132) = .184, p = .668], and both groups
earned to discriminate between the active and inactive ports

Fig. 2A). However, at all pellet criteria STs responded significantly
aster than GTs [effect of group, F(1,46) = 19.337, p < .001] (Fig. 2B).
mportantly, the group difference in rate of responding was not
ue to a difference in learning the instrumental task, as indicated

ig. 2. Acquisition of instrumental responding (nose poke) for a food reward in
ign-trackers (n = 24) and goal-trackers (n = 24) trained using a FR1 (20 s time
ut) schedule of reinforcement. (A) Mean ± SEM number of active and inactive
esponses/session across days of testing, in which the criterion number of pellets
equired was progressively increased, until animals were responding reliably for 80
ellets/day. (B) Mean ± SEM number of pellets earned/minute.
Fig. 3. Mean ± SEM number of active responses/session during 4 days of extinction
training in fasted sign-trackers (n = 14) and goal-trackers (n = 13) and sated sign-
trackers (n = 10) and goal-trackers (n = 11).

by a non-significant group-by-criteria interaction [F(4,46) = 1.775,
p = .150]. Thus, STs and GTs learned the instrumental task at the
same rate, but STs completed their sessions faster, suggesting that
STs were more motivated to work for either the food reward, its
associated cue (the nose port light-CS), or both

3.3. Extinction and reinstatement

Following instrumental training, the ST and GT groups were
divided into fasted and sated sub-groups as described above, and
then underwent extinction training. During extinction there were
no group differences (ST, GT, fasted, sated), and all four groups
extinguished to the same low level of responding [effect of group,
F(3,44) = 1.096, p = .361; effect of session, F(3,44) = 133.75, p < .001;

group-by-day interaction, F(9,44) = 1.963, p = .067] (Fig. 3). Follow-
ing extinction all animals were tested for the ability of contingent
presentation of the food cue (nose port light-CS) to reinstate
responding. Sated STs significantly reinstated responding for the

Fig. 4. Cue-induced reinstatement test. During the 40-min reinstatement test ses-
sion responses (nose pokes) into the active port resulted in presentation of the cue
previously paired with food delivery during instrumental training (the nose port
light-CS), but no food reward. Mean ± SEM number of active responses in (A) sated
sign-trackers (ST) and goal-trackers (GT), and (B) fasted STs and GTs after extinc-
tion (black bars) and during the reinstatement test (white bars). The dashed lines
indicate the mean number of responses in the inactive port. Significant difference,
*p < .05.
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ue alone, relative to extinction levels [paired t(9) = .035], whereas
ated GTs did not [paired t(10) = .325]. However, in sated ani-
als, there were no significant differences between STs and GTs

n the degree of reinstatement, as indicated by a non-significant
hase-by-group interaction [F(1,19) = .254, p = .620] (Fig. 4A). Under
asted conditions both STs and GTs reinstated food-seeking behav-
or (Fig. 4B). However, fasted STs showed significantly more robust
einstatement than fasted GTs, as indicated by a significant group-
y-phase interaction [F(1,25) = 5.135, p = .032; effect of group,
(1,25) = 7.433, p = .012; effect of phase, F(1,25) = 28.784, p < .001].
n addition, hunger did not significantly increase responding in GTs
interaction, F(1,22) = 1.235, p = .279], but did significantly increase
esponding in STs [interaction, F(1,22) = 6.096, p = .022].

. Discussion

Cues associated with a primary reward can acquire the ability
o act as conditional stimuli (CSs), evoking conditional responses
CRs), but they do not necessarily also acquire incentive motiva-
ional properties, and thus the ability to act as incentive stimuli
14]. In fact, there is considerable individual variation in the extent
o which a CS acquires two properties of an incentive stimulus –
he ability to attract and the ability to serve as a conditional rein-
orcer [6,14]. In the present study, we asked whether there is similar
ndividual variation in the ability of a food cue to reinstate instru-

ental responding after extinction of the response, and whether
his is modulated by physiological state (hunger). When they were
ated a food cue was not very effective in reinstating responding in
ither animals previously shown to be attracted to a food cue (STs)
r in animals not attracted to a food cue (GTs). When they were
asted, a food cue reinstated responding in both STs and GTs, how-
ver, it was significantly more effective in reinstating responding in
Ts than GTs, and hunger significantly increased reinstatement in
Ts but not GTs. Finally, during instrumental training STs appeared
ore motivated to obtain the food reward (and its associated cue),

ecause they worked at a faster rate than GTs.
Traditionally, the initiation of appetite and feeding was con-

idered a homeostatic response to energy depletion – internal
eedback signals, such as decreases in glucose levels and fat stores
rive an organism to seek out and consume food to reestablish
nergy balance [11,16,20]. Although physiological signals may play
direct role in initiating feeding, it is now well established that

rganisms eat not only in response to energy depletion but also
n response to other stimuli, such as cues in the environment
reviously associated with food availability and/or consumption
13,16,19]. Indeed, cues associated with food delivery can even
voke conditioned physiological responses, such as anticipatory
ncreases in blood insulin levels [21]. Furthermore, physiological
tate often modulates behavior not directly, but by altering the
otivational properties of cues [1,18]. For example, the incentive

alue of a food cue changes depending on whether the animal is in
food deprived or sated state. The important finding here is that
unger amplified the incentive value of the food cue in STs to a
reater extent than in GTs, as indicated by two observations: (1)
asted STs showed significantly more robust reinstatement than
asted GTs, and (2) hunger significantly increased reinstatement
esponding in STs but had no significant effect in GTs (i.e., there was
o difference in active responses in fasted vs. sated GTs). Thus, there
ppears to be individual variation in the degree to which physio-
ogical state modulates the incentive motivational properties of a

ood cue.

In the present study the food cue did not produce robust rein-
tatement in sated animals (although there was a small effect in
Ts). There are, however, reports that a food cue can evoke eating in
ated individuals [13,19]. The reason for this apparent discrepancy
rain Research 214 (2010) 30–34 33

may be because in this study animals were tested under extinction
conditions, where no food was available, and in previous studies
animals were allowed to consume food following cue presentation.
Thus, properties of the food itself may important for eliciting rein-
statement in sated animals, as a small food prime itself is able elicit
robust reinstatement of food-seeking behavior in sated animals [4].

It is important to emphasize that the differences reported here
between STs and GTs are not due to differences in the number of
rewards earned or the number of response-reinforcer/light-CS pair-
ings. We utilized a procedure in which these variables were held
constant across groups by requiring all rats to earn a fixed number
of pellets each day, ensuring that they received the same number of
rewards and light-CS presentations. Indeed, there were no differ-
ences in the rate with which STs and GTs learned the instrumental
response to obtain food, and thus group differences in cue rein-
statement are not attributable to differences in the strength of the
associations learned during instrumental training. However, it is
interesting that STs and GTs did differ in how quickly they com-
pleted their sessions – their rate of responding. This may reflect
an intrinsic difference in motivation for the food reward itself, or
it could also be that during instrumental training the cue associ-
ated with food delivery facilitated responding to a greater degree
in STs than GTs. We cannot differentiate these two possibilities in
the present experiment.

In conclusion, we show that a food cue is more effective in rein-
stating instrumental responding following extinction in rats that
are prone to attribute incentive salience to reward-related cues, and
that hunger amplifies these differences. Variation in the propen-
sity to attribute incentive salience to food cues may be important
in studying individual variation in the propensity to develop eating
disorders and obesity. For example, it has been shown that obese
individuals are less sensitive to internal physiological cues that trig-
ger eating [17] and more responsive to external environmental cues
[15]. It is possible, therefore, that obese individuals attribute exces-
sive incentive salience to food cues and these cues then come to
control their behavior in maladaptive ways. Of course, studies in
humans that have revealed differences in the ability of food cues
to instigate desire and eating in obese vs. non-obese individuals
[15] are all conducted “after the fact”, so to speak, and it would be
desirable to be able to predict earlier which individuals may find
it difficult to resist food cues, and why this might be. Thus, further
studies on variation in the propensity to attribute incentive salience
to food cues, and the neurobiological basis of this predisposition [7],
may prove informative in this regard.
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