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a b s t r a c t

It has been proposed that animals that attribute high levels of incentive salience to reward-related cues
may be especially vulnerable to addiction. Individual variation has also been observed in the motiva-
tional value attributed to aversive cues, which may confer vulnerability to anxiety disorders such as
post-traumatic stress disorder (PTSD). There may be a core behavioral trait that contributes to individual
variation in the motivational value assigned to predictive cues regardless of emotional valence. To test
this hypothesis, we used a Pavlovian conditioned approach procedure to classify rats based on whether
they learned to approach and interact with a cue predicting food reward (sign-trackers) or learned upon
cue presentation to go to the location of impending food delivery (goal-trackers), and then examined
Pavlovian fear conditioning in the same animals. It has recently been proposed that sign-trackers are
more vulnerable to substance abuse because they attribute greater incentive motivational value to drug

cues. Here we show that sign-trackers also have a tendency to be more fearful of discrete cues that predict
footshock. In addition, we found that goal-trackers exhibited greater contextual fear when placed back
into the original fear-conditioning context in the absence of temporally discrete cues. These results sug-
gest that there may be a subset of individuals who tend to attribute high levels of motivational salience
to predictive cues regardless of emotional valence, which may predispose them to a number of psychi-
atric comorbidities including PTSD and substance abuse. Other individuals use contexts to appropriately
modify their reactions to such salient stimuli.
. Introduction

Cues in the environment that have been associated with emo-
ionally salient events often themselves come to trigger complex
motional and motivational states that can powerfully influence
ehavior. For example, eating behavior can be triggered in humans

nd other animals by exposure to cues associated with food (e.g.,
he sight of a fast-food restaurant), even when the subject is sated
1–3]. This basic psychological process can have undesirable conse-
uences, for example, spurring excessive eating that can contribute

Abbreviations: PTSD, post-traumatic stress disorder; STs, sign-trackers; GTs,
oal-trackers; VI, variable interval; CS, conditioned stimulus; US, unconditioned
timulus; ITI, intertrial interval; IRs, intermediate responders; FR, fixed-ratio; VR,
ariable-ratio.
∗ Corresponding author at: Department of Psychiatry, Rachel Upjohn Building,

250 Plymouth Road, Ann Arbor, MI 48109, USA. Tel.: +1 734 764 6875;
ax: +1 734 764 0431.

E-mail address: jonmorro@umich.edu (J.D. Morrow).
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oi:10.1016/j.bbr.2011.02.013
© 2011 Elsevier B.V. All rights reserved.

to obesity. Similarly, in addicts, drug-associated cues can induce
craving, which often leads to continued drug use or relapse [4,5].
In other circumstances, relatively innocuous cues that were associ-
ated with a previous trauma can induce extreme fear and avoidance
behaviors, e.g., a fireworks display inducing panic in a war veteran
[6].

Preclinical studies have shown, however, that there is consider-
able individual variation in the degree to which animals attribute
incentive motivational properties (“incentive salience”) to reward
cues. For example, when a food reward is paired with a localizable
cue the cue itself becomes attractive, eliciting approach towards
it, only in some rats (“sign-trackers,” STs); other rats direct their
behavior away from the cue towards to location of reward deliv-
ery (“goal-trackers,” GTs) [7–9]. Furthermore, a food cue is more

“desired” in STs than GTs, in that they will work harder to get it
[10]. Drug cues also acquire greater control over behavior in STs
than GTs. For example, STs are more susceptible to cue-induced
reinstatement of cocaine self-administration behavior, suggesting
they may be more vulnerable to develop addiction-like behaviors

dx.doi.org/10.1016/j.bbr.2011.02.013
http://www.sciencedirect.com/science/journal/01664328
http://www.elsevier.com/locate/bbr
mailto:jonmorro@umich.edu
dx.doi.org/10.1016/j.bbr.2011.02.013


Brain

t
d
c

w
b
i
o
a
[
c
I
a
e
r
b
t
e
t
t
t
a
o
a
h
a
a

2

o

2

v
p
w

2

2
E
m
a
a
2
w
t
a
r
d
f
i

2

i
r
s
F
p
l
s
o
s
8
r
t
i
t
3
t

J.D. Morrow et al. / Behavioural

han GTs [11]. Thus, the extent to which individuals attribute pre-
ictive reward cues with incentive motivational properties may
onfer vulnerability to disorders of impulse control.

There is also considerable individual variation in the extent to
hich cues associated with aversive stimuli acquire control over

ehavior [12], and this trait may contribute to vulnerability to anx-
ety disorders [13,14]. For example, variation in the magnitude
f conditioned fear responses in animals has been proposed as
model of vulnerability to post-traumatic stress disorder (PTSD)

12,15]. Indeed, pathological hyper-reactivity to environmental
ues is a central feature common to several psychiatric disorders.
n the case of substance abuse, “cue reactivity” is well-documented
nd includes psychological cravings, physiological responses, and
ngagement in actual drug use behaviors in response to drug-
elated cues or contexts [16,17]. Similarly, PTSD is defined in part
y excessive emotional, physiological, and behavioral responses to
rauma-related stimuli [18,19]. From this perspective, one differ-
nce between substance abuse and PTSD is the emotional valence of
he triggering stimulus, one being “positive” and eliciting approach,
he other being “negative” and eliciting avoidance. It is possible
hat some individuals are prone to attribute excessive emotional
nd/or motivational significance to environmental cues regardless
f valence, which could therefore make them more vulnerable to
number of different psychiatric disorders. We explore this idea
ere using preclinical animal models to estimate the emotional
nd/or motivational significance individual rats attribute to both
n attractive food cue and to a fearful aversive cue.

. Materials and methods

All procedures were approved by the University Committee on the Use and Care
f Animals.

.1. Experiment 1

Thirty-six male Sprague–Dawley rats (Harlan) weighing 250–300 g were indi-
idually housed and kept on a 12:12-h light/dark cycle. All training/testing took
lace during the light cycle between the hours of 1300 and 1800. Food and water
ere available ad libitum for all portions of the experiment.

.1.1. Pavlovian conditioned approach: apparatus
Sixteen standard MED Associates test chambers (24.1 cm × 20.5 cm floor area,

9.2 cm high; MED Associates, St. Albans, VT) were used for Pavlovian training.
ach conditioning chamber was located in a sound-attenuating enclosure and white
asking noise was supplied by a ventilating fan. Each chamber was equipped with
food receptacle, which was located in the center of the 24.1-cm-wide wall, 3 cm

bove the stainless steel grid floor. A retractable lever was located approximately
.5 cm to the left or right of the food receptacle, 3 cm above the floor. A white LED
as flush-mounted on the inside of the retractable lever and used to illuminate

he slot through which the lever protruded. Contacts with the lever were recorded
s a “lever press.” A red house light was located on the wall opposite the food
eceptacle and remained on throughout the training sessions. A pellet dispenser
elivered banana-flavored food pellets into the food receptacle. Head entry into the
ood receptacle was recorded each time a rat broke the infrared photobeam located
nside the receptacle (approximately 1.5 cm above the base of the food cup).

.1.2. Pavlovian conditioned approach: procedure
For 2 days prior to the start of training banana-flavored food pellets were placed

nto the rats’ home cages to familiarize the animals with the food to be used as
eward. Rats were then placed into the operant chambers for two pre-training ses-
ions during which the red house-light remained on but the lever was retracted.
ifty food pellets were delivered on a variable interval (VI) 30-s schedule (i.e., one
resentation of the lever occurred on average every 30 s, but the actual time between

ever presentations varied randomly between 0 and 60 s), resulting in a pre-training
ession of approximately 25 min. All rats consumed all the food pellets by the end
f the second pre-training session. Each trial during a test session consisted of pre-
entation of the illuminated lever (conditioned stimulus, CS) into the chamber for
s on a VI 90-s schedule. Retraction of the lever was immediately followed by the
esponse-independent delivery of one food pellet (unconditioned stimulus, US) in
he food receptacle. The beginning of the next intertrial interval (ITI) commenced
mmediately after pellet delivery. Each test session consisted of 25 trials, wherein
he lever (CS) and the food (US) were presented in a paired fashion, resulting in a
5–40 min test session each day for 5 days. All rats consumed all the food pellets
hat were delivered.
Research 220 (2011) 238–243 239

2.1.3. Pavlovian conditioned approach: data analysis
Rats were categorized based on an “approach index” score that was derived

from the number, latency and probability of lever contacts and magazine entries
during CS presentation according to the following formula: [response bias (lever
contacts − magazine entries)/(lever contacts + magazine entries) + probability (lever
contact probability − magazine entry probability) + contact latency (lever contact
latency − magazine entry latency)/(8 s)]/3. The final “approach index” was obtained
by averaging scores from sessions 4 and 5. With this index a score of +1 means
all responses were directed towards the lever-CS, a score of −1 that all responses
were directed away from the lever-CS and towards the food cup, and a score of
zero that responses were directed equally to both places. Rats with an approach
index of less than −0.5 were designated goal-trackers (GTs; twice as likely to direct
behavior towards the magazine), those above +0.5 as sign-trackers (STs; twice as
likely to direct behavior towards the CS-lever), and those between −0.5 and +0.5 as
intermediate responders (IRs). Between-group comparisons were performed using
linear mixed-effects models [20].

2.1.4. Fear conditioning: apparatus
Pavlovian fear conditioning and testing was conducted in a different room using

a different set of standard MED Associates behavioral test chambers 1 week after
Pavlovian conditioned approach testing was completed. The floor of each chamber
consisted of stainless steel rods connected to a shock source and solid-state grid
scrambler for the delivery of a footshock US. The boxes were also equipped with
a houselight and tone generator. Each chamber rested on a load-cell platform to
record chamber displacement in response to the rat’s motor activity.

2.1.5. Fear conditioning: procedure
Rats were exposed to an auditory fear conditioning session which began 3 min

after being placed in the chamber. The conditioning session consisted of 5 trials
in which a tone CS (30 s, 4 kHz, 80 dB SPL) co-terminated with a footshock US (2 s,
1 mA). The ITI was fixed at 4 min during fear conditioning. Rats remained in the
chamber for 3 min after the last tone-shock pairing. The day after fear conditioning,
the rats underwent extinction training and were placed into a different context
from that used for training, with different levels of ambient light, noise, and odor,
and then exposed to 20 CS-alone presentations (2-min mean ITI). This procedure
was repeated on 2 subsequent days.

2.1.6. Fear conditioning: data analysis
Freezing behavior was the dependent variable used to analyze conditioned fear.

Load-cell activity generated by displacement of the chamber was digitized at 5 Hz,
and freezing behavior was scored if the rat was immobile for at least 1 s. For each
session, freezing behavior was expressed as a percentage of total observations. On
each extinction day, fear to the tone CS was indexed by averaging freezing across the
first six CS trials of each session and subtracting that value from the pre-CS baseline.
This measure therefore provided an index of the level of conditioned fear (on test day
1) and the degree to which that fear exhibited between-session extinction (on test
days 2 and 3). Repeated measures data were compared using linear mixed-effects
models. Freezing during the tone was also compared using planned unpaired t-
tests. Correlation analysis was performed on data from all rats using Fischer’s test,
and Pearson’s correlation coefficient was calculated.

2.2. Experiment 2

Thirty-six male Sprague–Dawley rats (Harlan) weighing 250–300 g were housed
under the same conditions as described in Section 2.1.

2.2.1. Pavlovian approach and operant conditioning
The Pavlovian approach training procedures were as described in Section 2.1.2,

with the exception that only 25 pellets were delivered during each pre-training
session. After Pavlovian training was complete, rats were food-restricted to 16 g of
standard rat chow per day for 1 week. Rats were then placed in a different set of
standard MED Associates behavioral test chambers for appetitive operant condi-
tioning. The chambers were configured such that there was no lever, and nose-poke
holes with infrared photobeam sensors to detect head entries were located approx-
imately 2.5 cm to the left and right of the food receptacle, 3 cm above the floor. The
right nose-poke hole was designated as inactive such that nose pokes were recorded
but had no programmed consequences. Each day, nose pokes in the active hole were
reinforced with a chocolate-flavored food pellet under a fixed-ratio (FR) 1 schedule
(i.e., only 1 response was required for reinforcement) for the first 5 pellets, then an
FR 7 schedule for the next 5 pellets, then a variable-ratio (VR) 20 schedule (i.e., an
average of 20 responses were required before reinforcement). Rats received daily
50-min sessions until responding stabilized after 6 days at a rate of ∼1 response/s.

2.2.2. Fear conditioning

Rats were placed on ad libitum feeding for 1 week after operant conditioning

was complete. Rats then underwent fear conditioning using the same procedures as
described in Section 2.1.5. However, rather than undergoing extinction training to
the tone, the next day rats were placed back into the original context that had been
used during initial fear conditioning and behavior recorded for 10 min. No CS or US
presentations were given during the contextual fear test session.
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ig. 1. Pavlovian conditioned approach. Development of different conditioned respo
nd a food-US, as a function of day of training. Data points are mean ± SEM for (A
umber of food cup entries during the lever presentation, and (D) latency to first fo

.2.3. Conditioned suppression
Rats were again food-restricted for 1 week following fear conditioning, and then

laced back in the operant conditioning chambers. For the conditioned suppres-
ion test, operant conditioning continued as before, with the same reinforcement
chedule, but beginning 30 min into the session, six 30-s presentations of the tone
S were superimposed on the ongoing operant behavior using a pseudorandom VI
20-s schedule. Conditioned suppression sessions continued for 4 days.

.2.4. Conditioned suppression: data analysis
Nose pokes were recorded in 2-s bins throughout the training sessions. Repeated

easures data were compared using linear mixed-effects models. One-sample t-
ests were used to test whether conditioned suppression ratios were different from
.5. Correlation analysis was performed on data from all rats using Fischer’s test,
nd Pearson’s correlation coefficient was calculated.

. Results

.1. Exp. 1: Pavlovian conditioned approach

As described previously, rats varied in the topography of the
onditioned response (CR) they acquired [7,10]. Upon presen-
ation of the lever-CS some rats (“sign-trackers”, STs) came to
pproach and contact the lever, whereas others came to approach
nd engage the food cup (“goal-trackers”, GTs), even though neither
f these responses was necessary for receipt of the food reward.
ased on an Approach Index that takes into account the probabil-

ty and latency of each response type, 10 rats were classified as

Ts, 12 as IRs, and 14 as GTs. Fig. 1 shows the pattern of Pavlo-
ian conditioned approach behavior in rats classed as STs or GTs
s a function of day of training. During the CS period STs con-
acted the lever more rapidly (Fig. 1C; F1,22 = 266.88, p < 0.001),
nd avidly than GTs (Fig. 1A; F1,102 = 140.10, p < 0.001), and GTs
n sign-trackers (ST, n = 10) and goal-trackers (GT, n = 14) during pairing of a lever-CS
ber of lever contacts, (B) latency to first lever contact after lever presentation, (C)
p entry after lever presentation.

entered the food cup more rapidly (Fig. 1D; F1,31 = 299.20, p < 0.001)
and avidly than STs (Fig. 1B; F1,97 = 114.22, p < 0.001). STs and GTs
learned their respective CRs at a comparable rate, as indicated by
no significant phenotype-by-day interactions for number of con-
tacts with the lever vs. food cup entries (F4,110 = 1.37, p = 0.25)
or for latency to lever contact vs. food cup entry (F4,67 = 1.06,
p = 0.38).

3.2. Exp. 1: fear conditioning

There were no significant differences between STs and GTs in
freezing during the tone CS during initial acquisition of fear condi-
tioning (Fig. 2A; F1,61 = 3.43, p = 0.07). During extinction training,
baseline freezing before the first CS-alone trial on each day did
not differ between STs and GTs (day 1, ST = 24 ± 6%, GT = 27 ± 5%,
F1,70 = 0.20, p = 0.65; day 2, ST = 23 ± 6%, GT = 30 ± 5%, F1,70 = 0.94,
p = 0.34; day 3, ST = 28 ± 6%, GT = 25 ± 5%, F1,70 = 0.07, p = 0.79). In
contrast, freezing to the tone CS was reliably different in the
two groups. STs exhibited significantly more freezing to the tone
CS than did GTs (Fig. 2B; main effect of group, F1,55 = 12.60,
p = 0.001), and planned comparisons showed significant group
differences on day 1 (Fig. 2B; day 1 ST = 49 ± 7%, GT = 24 ± 5%,
t = 2.90, p < 0.01; day 2 ST = 28 ± 8%, GT = 10 ± 5%, t = 2.02, p = 0.056;
day 3 ST = 8 ± 4%, GT = 4 ± 3%, t = 0.70, p = 0.49). There was no dif-
ference between groups in the rate of extinction across days

(Fig. 2B; day × phenotype interaction, F2,54 = 2.14, p = 0.13). Impor-
tantly, there was a significant correlation between the approach
index score derived from the autoshaping procedure and freezing
to the tone CS on the initial day of extinction after fear conditioning
(r2 = 0.164, p = 0.01).
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Fig. 2. Conditioned freezing. Acquisition and extinction of a conditioned freezing
response in sign-trackers (ST, n = 10) and goal-trackers (GT, n = 14). (A) Acquisition.
Mean ± SEM % time spent freezing during the baseline period (BL) before tone pre-
sentations, and each of five trials, consisting of a 30-s tone presentation immediately
followed by a foot shock. (B) Extinction. Mean ± SEM % time spent freezing during
the first six 30-s tone presentations under extinction conditions, minus baseline %
freezing before the tones.
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Fig. 3. Context fear. Conditioned fear responses in sign-trackers (ST, n = 11) and goal-tr
baseline period (BL) before tone presentations, and each of five trials, consisting of a 30
Mean ± SEM % time spent freezing in the original context in which animals had been sh
difference ST vs. GT p < 0.05.
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3.3. Exp. 2: Pavlovian approach and fear training

As in Exp. 1, rats were classified as STs and GTs based on their
approach index score after repeated pairings of the lever CS with
the food US over 5 days. In this experiment, 11 rats were classified as
STs, 14 as IRs, and 11 as GTs, and their pattern of behavior was simi-
lar to that shown in Fig. 1 (data not shown). As in Exp. 1, there were
no group differences in the initial acquisition of conditioned fear
(Fig. 3A; F1,32 = 0.18, p = 0.68). However, when the rats were placed
back into the initial fear-conditioning context in the absence of any
tones or shocks to measure contextual fear, GTs exhibited greater
freezing than STs (Fig. 3B; ST = 14 ± 2, GT = 31 ± 7, t = 2.19, p < 0.05).
This reveals that the greater conditioning to discrete CSs in STs rel-
ative to GTs is reflected in correspondingly weaker conditioning to
the conditioning context.

3.4. Exp. 2: conditioned suppression

After instrumental training STs and GTs did not differ in rate of
responding during 50-min sessions (responses/s: ST = 1.22 ± 0.11,
GT = 1.31 ± 0.05, t = 0.72, p = 0.48). Responses in the inactive hole
were minimal for both groups; total inactive nose pokes for the
entire 50-min session was 4 ± 1 for STs and 4 ± 1 for GTs. The tone CS
suppressed responding in both STs and GTs on all 4 days of testing.
However, the CS suppressed responding to a significantly greater
extent in STs compared to GTs, as measured by significantly lower
mean suppression ratios (Fig. 4; main effect of group, F1,35 = 7.55,
p < 0.01; phenotype-by-day interaction, F3,23 = 0.84, p = 0.49). There
was a significant correlation between the approach index score, and
the suppression ratio on day 1 (r2 = 0.106, p = 0.05).

4. Discussion

We found that rats prone to attribute incentive salience to a
reward (food) cue, as assessed by their tendency to approach it
(i.e., STs), also tended to attribute greater emotional and/or moti-
vational significance to a fear-provoking aversive cue, assessed by
either conditioned freezing behavior or conditioned suppression

of ongoing instrumental behavior. Variation in one trait accounted
for between 11 and 16% of the variance in the other, depending on
the measure of conditioned fear. In contrast, those rats that did not
attribute incentive salience to the discrete reward cue (the lever-
CS), but instead, upon CS presentation approached the location of
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ackers (GT, n = 11). (A) Acquisition. Mean ± SEM % time spent freezing during the
-s tone presentation immediately followed by a foot shock. (B) Context freezing.

ocked. No tones or shocks were administered during this 10-min test. *Significant
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eward delivery (i.e., GTs) showed greater freezing in a context
aired with aversive footshock, suggesting that for GTs contex-
ual cues may be more important in regulating their reactions to
motionally significant events.

A number of relatively obvious explanations for the observed
orrelation between conditioned approach behavior and condi-
ioned fear are not supported by the data. For example, the observed
ifferences might have resulted from individual variation in Pavlo-
ian learning, i.e., forming CS-US associations. However, this is not
he case because STs and GTs learned their respective CRs at the
ame rate, as reported previously [10]. Furthermore, they did not
iffer in the initial acquisition of conditioned fear (Figs. 2A and 3A),
nd there was also no difference in the rate of extinction of
onditioned freezing. The lack of group differences in the initial
cquisition of conditioned fear implies that the footshock was
qually aversive to STs and GTs, and the lack of differences in
aseline freezing in a new context and the increased contextual
reezing of GTs in the conditioning context argue that differences
n fear conditioning or freezing behavior do not account for the
resent results. Rather, the results show that specific, cue-induced
esponses to aversive stimuli correlate with specific, cue-induced
ppetitive responses.

The source of the correlation between appetitive and aversive
esponses reported here may be the tendency to transfer moti-
ational salience from a US to a CS. Motivational salience is a
asic property of emotional learning that enables cues to com-
and attention, elicit arousal, and instigate action [21]. In the case

f the Pavlovian conditioned approach task, STs transfer motiva-
ional salience from the food US to the lever CS, such that STs have a
reater tendency to approach and contact the lever (Fig. 1A), exhibit
onsummatory behavior towards the lever [22], and will perform
new instrumental task in order to gain access to the lever [10]. A

imilar process may be at work in the fear conditioning task, with
Ts transferring more motivational salience from the footshock US
o the tone CS, such that the tone itself becomes aversive and elic-
ts a fear response. After fear conditioning, a neutral stimulus will
ome to elicit a fear response when paired with a CS associated with
ootshock, and rats will learn a new instrumental task in order to
void a CS associated with footshock, demonstrating that the CS in
ome ways takes on the motivational properties of the US [23,24].

It is important to note that neither appetitive nor aversive
ehavioral responses were diminished in GTs; all rats avidly con-
umed the food pellets during the conditioned approach training,
nd all rats showed equivalent freezing during fear acquisition. In

act, GTs showed higher levels of freezing to the context associ-
ted with footshock than STs. Contextual fear and cue-specific fear
re dissociable behaviorally and have separate, though overlap-
ing, neural substrates [25,26]. Since all the animals tested were
Research 220 (2011) 238–243

“normal” outbred animals, the behavioral differences we detected
most likely represent different styles of emotional learning that
are both generally adaptive in the natural environment. The strat-
egy employed by GTs appears to rely more heavily on contextual
information to modulate behavioral responses to motivationally
relevant stimuli, whereas ST behavior is more tightly controlled
by specific cues regardless of the context. Lack of contextual con-
trol over fear is a particularly disabling feature of several anxiety
disorders, producing inappropriate fear responses in safe contexts
and thereby interfering with work, family life, and other daily
activities.

Individual differences in the intensity of emotional reactions to
conditioned cues have been proposed as a key personality trait
that can predispose towards or protect against various forms of
psychopathology [14,27]. In particular, the property of transferring
motivational salience to appetitive cues is described in theories of
addiction as transferring “incentive salience,” and is thought to be
a key process in the transition from casual drug use to compul-
sive, uncontrollable drug use that comprises addiction [28]. Many
anxiety disorders, including PTSD but also specific phobias and
obsessive–compulsive disorder (OCD), are defined in part by abnor-
mally intense emotional and behavioral responses to relatively
mild aversive stimuli [18]. Aberrant attribution of motivational
salience to irrelevant stimuli has also been implicated in the etiol-
ogy of schizophrenia and other psychotic disorders, in which minor
coincidences or ordinary internal sensations take on a delusional
level of significance [29]. Many of these disorders are frequently
comorbid with borderline personality disorder, which is defined in
part by exaggerated emotional responses to relatively minor envi-
ronmental stimuli [18]. The tendency of STs to transfer motivational
significance to cues associated with emotionally salient events may
be analogous to a core behavioral trait that reaches an extreme
in borderline personality disorder, and that can confer vulnera-
bility to a range of psychiatric comorbidities, including PTSD and
addiction.

A shared vulnerability factor could at least partially explain the
high rates of comorbidity commonly observed between disparate
disorders like substance abuse and PTSD [30–33]. PTSD and sub-
stance abuse are both complex disorders with several interacting
factors contributing to vulnerability and resilience in each individ-
ual. Our finding that only 11–16% of the variance in conditioned
fear responses is accounted for by conditioned approach responses
(and vice versa) is consonant with the complexity of these two
disorders, as is the simple clinical observation that many patients
have PTSD without comorbid substance abuse, and many substance
abuse patients do not have PTSD. However, the fact that there is
a correlation between conditioned approach and conditioned fear
indicates that some portion of vulnerability to PTSD and substance
abuse could be conferred by a common behavioral trait.

The neurobiological basis of individual differences in moti-
vational salience is far from clear, but several lines of evidence
have implicated dopaminergic activity as a possible candidate. In
addition to signaling reward, dopaminergic activity seems to play
an important role in behavioral responses to all motivationally
salient stimuli, including surprising, novel, or even aversive stimuli
[21,34,35]. It has recently been suggested that some populations
of dopamine neurons may encode emotional valence, while oth-
ers specifically encode motivational salience irrespective of valence
[36]. Interestingly, STs show higher levels of dopaminergic activ-
ity in the nucleus accumbens than GTs [37,38]. In addition, the
transfer of stimulus-evoked dopamine release from US to CS dur-
relative to GTs [39]. Further characterization of the precise neu-
robiology underlying individual differences in the tendency to
transfer motivational salience to predictive cues could lead to
important insights into some of the vulnerabilities that lead to clus-
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