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Introduction

The dopamine hypothesis and related amphetamine model of
schizophrenia (Ellison and Eison, 1983) have prompted
considerable interest in how amphetamine may affect basic
cognitive processes in animal models. In particular, evidence for
disturbance of attentional processes in schizophrenics has led to
animal models based on dysfunctional associative learning.

Normally, animals demonstrate that they have learned to expect
a motivationally significant event such as food or footshock
(unconditioned stimulus, UCS) by anticipatory conditioned
responses to the conditioned stimulus (CS) that best predict the
occurrence of the UCS. Disorder in these processes provides a
likely model for aspects of schizophrenic attentional disorder. For
example, in latent inhibition (LI), a series of non reinforced
presentations of a stimulus normally retards conditioning to that
stimulus when it is subsequently paired with a reinforcing event
(Lubow, 1973). This effect is absent in acute schizophrenics
(Baruch et al., 1988) and under amphetamine in both rats (e.g.
Solomon et al., 1981; Weiner et al., 1981, 1988) and humans (Gray
et al., 1992; Kumari et al., 1999), so that the pre-exposed stimulus
is conditioned to as if it were novel. Such disruptions of LI, which
result in conditioning to (previously) irrelevant stimuli, are used to
model the attentional deficits seen in schizophrenia (for reviews,
see Gray et al., 1991; Weiner, 1990; Weiner and Feldon, 1997).

However, as the psychological mechanisms underlying normal
LI are not firmly established, interpretation of disrupted LI can be
problematic. For example, LI could be reduced because of an
attentional effect mediated at preexposure or because impaired
retrieval (of the preexposure experience of the stimulus as
irrelevant) improves conditioning (Joseph et al., 1993; Peters and
Joseph, 1993; Weiner and Feldon, 1997).

Thus, in the present series of experiments, we used a simpler one
stage procedure (trace conditioning) to assess the effects of amphet-
amine on conditioning to stimuli that vary in their predictive
power, in an aversive ‘off the baseline’ conditioning procedure,
similar to that used in LI. Within experiments, the baseline level of
learning was manipulated by the introduction of a time (trace)
interval between CS and UCS. The trace CS is a less informative
predictor of the UCS than the CS immediately followed by the
UCS (Kamin, 1965). Here, the target CS was presented (with or
without trace) to allow between subjects’ comparison of conditioning
to strong and poor predictors. Second, an alternative background
stimulus was presented continuously throughout the session. This
procedure allowed measurement of conditioning to an experimen-
tal context in the same way as to the discrete target CS, in the same
apparatus and the same rats (Tanner et al., 1987; Tsaltsas et al.,
1989; Rawlins and Tanner, 1998). Because it is continuously present
throughout the conditioning session, the background stimulus should
constitute a relatively uninformative predictor of the footshock UCS.
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Amphetamine can increase conditioning to poor predictors of reinforcement in selective learning tasks (e.g.

latent inhibition, LI). In the present study, a noise stimulus was contiguous with footshock or presented at a

trace interval. A flashing light background stimulus was used to measure contextual conditioning.

Experiment 1 used 1.5 mg/kg and 6 mg/kg dl-amphetamine. Experiments 2 and 3 used 0.5 mg/kg and 1.5 mg/kg

d-amphetamine. Unconditioned stimuli parameters (intensity, number, duration) were also manipulated

from one experiment to the next. Amphetamine consistently increased conditioning to the background

stimulus, and increased conditioning to the trace stimulus at higher footshock intensity (Experiment 3).

Thus, amphetamine increased conditioning only to relatively uninformative predictors. The effect on

conditioning to trace conditioned stimuli depended on the level of reinforcer but increased conditioning to

background did not. Throughout, there was no effect of amphetamine on conditioning of the contiguous

stimulus. Thus, the results did not simply arise because amphetamine increased conditioning under any

condition in which conditioning without amphetamine was poor. The results are discussed in terms of

amphetamine effects on breadth of attention and LI to context.
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We tested the effects of amphetamine in this procedure because
it reliably abolishes LI in a similar conditioning procedure (Weiner
et al., 1981, 1988) in contrast with more selective dopamine
agonists that have no such effect (Feldon et al., 1990). Thus, the
doses, isomers and route of administration of systemic ampheta-
mine used in these experiments were chosen for comparison with
the LI literature (Weiner et al., 1987, 1988; Killcross et al., 1994).
Throughout, we used a sensitizing injection to produce the impulse
dependent flow of dopamine release found to be necessary for
disruption of LI (Warburton et al., 1996; Gray et al., 1997; Joseph
et al., 2000). If amphetamine has the general effect of increasing
conditioning to less informative stimuli, this should be true
regardless of whether they are rendered less informative through
stimulus preexposure (in LI), the introduction of a trace interval or
their continuous presence in the background (as in the present
study). However, there was no strong a priori basis to predict
whether the doses of amphetamine selected on the basis of their
known effects in LI would be differentially effective in this
different selective learning task and with stimuli that may differ
functionally depending on the duration of presentation.

We hypothesized that amphetamine should increase condi-
tioning to background and trace conditioned stimuli. The predicted
heightened conditioning of a trace CS under amphetamine should
also be observed in conjunction with a lack of amphetamine on the
conditioning of a contiguous CS. This pattern of results would
support the view that amphetamine has ‘attentional’ effects (as the
doses selected are based on those used in LI) and the possibility
that LI depends on the same psychological processes as trace
conditioning (DeVietti et al., 1987). In addition to testing con-
ditioning to the experimental background stimulus, we measured
contextual conditioning to the experimental chambers (‘box con-
text’) as lick suppression at the start of the first post-conditioning
drinking session. Irrespective of its effects on trace conditioning,
any effects of amphetamine on contextual conditioning would also
have implications for our understanding of its effects in LI. The
normal LI effect is known to be highly context dependent
(Lovibond et al., 1984; Hall and Honey, 1989).

Finally, because amphetamine treatment could affect reinforcer
impact (Killcross et al., 1994; Weiner et al., 1997), in order to
explore the generality of drug effects at different levels of
conditioning, factors affecting the associability of the UCS (i.e.
shock intensity, duration and number of conditioning trials) were
also manipulated from one experiment to the next. This means that
we can compare the effectiveness of amphetamine in increasing
conditioning to less informative stimuli with its effectiveness
where the level of conditioning is reduced because of the use of
lower shock parameters. This comparison tests the prediction that
amphetamine increases conditioning specifically to a CS that is
less informative (e.g. because of reduced temporal coincidence
with the UCS), rather than increasing conditioning which has been
weakened by other means (i.e. by varying UCS associability).

Methods

Animals
Seventy-two naïve male Wistar rats (Charles Rivers, Margate, UK),
mean weight 272 g (range 241–308 g), were used for each experi-
ment. All animals were caged in pairs on a 12 : 12 h light/dark

cycle and tested during the light phase. They were water deprived,
receiving 1 h of access to water per day following testing. Food
was freely available in the home cage. All procedures were carried
out in accordance with the United Kingdom Animals Scientific
Procedures Act, 1986, Project Licence number PPL 40/2019.

Apparatus
Four identical fully automated conditioning chambers, housed
within sound-attenuating cases containing ventilation fans
(Cambridge Cognition, Cambridge, UK), were used throughout.
Each of the inner conditioning chambers consisted of a plain steel
box (25 × 25 × 22 cm high) with a Plexiglas door (19 × 27 cm) at
the front. The floor was a shock grid with steel bars 1 cm apart and
1 cm above the lip of a 7 cm deep sawdust tray. Mounted in one
wall were two retracted levers (not used for these experiments),
three stimulus lights and a waterspout.

The spout was 5 cm above the floor and connected to a
lickometer supplied by a pump. Licks were registered by the
breaking of the photo beam within the spout, which also triggered
water delivery of 0.05 ml per lick. The waterspout was illuminated
when water was available. A loudspeaker for the presentation of
auditory stimuli was set in the roof.

Two stimuli were used in this procedure; a mixed frequency
noise set at 70 dB as the target stimulus (i.e. the CS paired with the
UCS) and a flashing light as the alternate or background stimulus,
provided by the three wall mounted stimulus lights and the house
light flashing both on and off for 0.5 s. Footshock (intensity and
duration given by experiment below) was delivered through the
grid floor by a constant current shock generator (MISAC Systems,
Newbury, UK) Stimulus control and data collection was by a RISC
PC programmed in Basic with additional interfacing using an
Arachnid extension (Cambridge Cognition).

Procedure
Experiments were run in single replications over three weeks. Rats
were handled for approximately 10 min per day for 2 weeks prior
to commencement and water deprivation was introduced the day
before shaping began. The procedure consisted of four stages.

Pre-conditioning
Rats were shaped until all drank from the waterspout and then were
individually assigned to a conditioning box for the duration of the
experiment, counterbalanced for both drug and behavioural
condition.

There then followed 10 days of pre-conditioning, in which rats
drank in the experimental chamber for 15 min each day (timed
from first lick). The drinking spout was illuminated throughout, but
there were no other stimuli presented in this phase. Latency to first
lick was measured as an indicator of habituation to the experi-
mental context. Total number of licks was also recorded each day
and additionally for day 10, the pattern of drinking (i.e. number of
licks per 1 min ‘bin’ of time) was also measured.

Conditioning
Conditioning was conducted in 1 day following the last pre-
conditioning day. No water was available within the chamber and
the waterspout was not illuminated. There was a continuous back-
ground stimulus (flashing lights) onto which pairings of the 5-s
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target stimulus (noise) and footshock were superimposed. Experi-
ments 1 and 2 used five pairings of the target CS with a 0.5-mA,
0.5-s shock and five pairings of the target CS with a 0.5-mA, 1-s
shock, respectively, in a 30-min session. Experiment 3 used a 
1-mA, 1-s shock in a 15-min session but, in this case, paired just
twice with target (to prevent a floor effect in the levels of
conditioned suppression). In all experiments, the first pairing of CS
and UCS was presented after 5 min of background stimulus had
elapsed, and further pairings were at 5-min intervals thereafter,
with 5 min following the last shock presentation.

Depending on experimental group, the footshock followed
either 0 (for the contiguous groups) or 30 s (for the trace groups)
after target CS offset. The flashing light stimulus was presented
throughout the session, including the 30-s inter-stimulus interval.
In the absence of drinking, there was nothing to record.

Reshaping
On the day following conditioning, animals were reshaped
following the same procedure as in pre-conditioning sessions. This
was in order to re-establish drinking after conditioning. Reshaping
also provided measures of conditioning to the box context (latency
to first lick and suppression of early drinking). Given that the latter
portion of the session was uninformative at the levels of suppres-
sion seen here, analyses of the reshaping data were restricted to the
first 2 min (bins 1–2).

Test
There were two test days, one for each type of stimulus, with the
order of testing counterbalanced for experimental condition. The
time taken to complete 50 licks prior to any stimulus presentation
(the A period) provided a measure of any individual variation in
baseline lick responding, to be compared with the time taken to
complete 50 licks during stimulus presentation (the B period) in a
suppression ratio [measured as A/(A + B) to assess conditioning
whilst taking baseline variation into account]. These were extinc-
tion tests and both stimuli were presented continuously throughout
the session, so, in each case, the B period was a maximum of 900 s
for rats that did not complete 50 licks within the 15-min session
(one rat in Experiment 3).

Treatments
For each experiment, dl- or d-amphetamine sulphate was dissolved
in physiological saline to an injection volume of 1 ml/kg and admin-
istered by intra-peritoneal injection. Experiment 1 used 1.5 and
6 mg/kg of dl-amphetamine. Experiments 2 and 3 used 0.5 and
1.5 mg/kg of d-amphetamine. The first (sensitizing) injection was
given following the last pre-conditioning session, prior to return to
the home cage and the second 15 min prior to the conditioning
session. Vehicle controls were injected with equivalent amounts of
saline. Pre-conditioning, reshape and test stages were conducted
drug free.

Statistical analysis
In each experiment, rats were randomly assigned to six experi-
mental conditions (n = 12) in a 3 × 2 factorial design for later analysis
of variance (ANOVA). Between subjects factors were Drug (at
levels saline and two doses amphetamine) and Trace (at levels con-
tiguous and trace). The dependent variable to assess conditioning at
test was the suppression ratio. Pre-conditioning drink levels were

also assessed in a 3 × 2 mixed design univariate ANOVA with the
repeated measures factor of Days (at 10 levels). In addition, on day
10 of pre-conditioning, the pattern of drinking over the full session
was analysed in a 3 × 2 ANOVA with the repeated measures factor
of Bins (at 15 levels). To allow a measure of conditioning to the
apparatus contextual cues (in the absence of any discrete stimulus),
the pattern of drinking within the first 2 min of the reshaping
session was analysed in a 3 × 2 ANOVA with the repeated
measures factor of Bins (at two levels). At pre-conditioning and
reshaping, latency to first lick provided a measure of habituation
and subsequent conditioning to context, respectively, and was
analysed in the same 3 × 2 design.

All ANOVAs used an alpha level of 0.05. Mauchly’s test of
sphericity was applied to all repeated measures ANOVAs, and the
necessary Huynh-Feldt corrections made where the sphericity
assumption was violated. Significant main effects and interactions
were explored by t-tests based on the individual error terms (two-
tailed). When exploring significant main effects in the absence of
interactions, the t-tests are collapsed across groups. Given that com-
parisons were planned, and were only a small subset of the possible
comparisons, then the inflation of familywise type 1 error rate was
not very large (Howell, 2002). However, to be conservative, Bon-
ferroni correction procedures were applied throughout, adjusting
the acceptable p-value for the number of comparisons conducted.

Results

Experiment 1: 1.5 mg/kg and 6 mg/kg of 
dl-amphetamine (with 5 × 0.5-s, 0.5-mA shocks)
Pre-conditioning
Data from day 4 of pre-conditioning was excluded from the
analysis, as there was a technical fault (lickometer sensitivity) for
eight rats on that day. For latency to first lick, the analysis over the
nine remaining days, found an effect of Days [F(2,132) = 33.2,
p < 0.01] with latencies reducing over days as would be expected
with habituation to the experimental apparatus (means: day 1 =
20.3 s, down to day 10 = 2.9 s). There were no effects of Drug or
Trace condition (to be) or the interaction [maximum F(1,66) =
3.38]. For total licks per session, again the only significant effect
was over Days [F(2,192) = 3.08, p < 0.05] with means revealing
variation, but no consistent trend (range 1776–1966 licks). There
were no effects of Drug, Trace or the interaction [maximum
F(2,66) = 2.92].

For the pattern of drinking over time on the last pre-
conditioning day, there was a significant effect of drinking over
bins [F(10,702) = 198.93, p < 0.001] with number of licks reducing
over time as would be expected with satiation, but no significant
effect of Drug, Trace or the interaction [maximum F(2,66) = 1.7].

Reshape
There were no significant effects on latency to first lick of Drug,
Trace or the interaction [maximum F(1,66) = 2.31]. Over the first
2 min of the session, the number of licks reduced over time, as
would be expected with satiation, and this was reflected
statistically as a main effect of Bins [F(1,66) = 64.98, p < 0.001].
No other effects or interactions were significant [maximum
F(2,66) = 1.46]. The lack of significant effects involving Drug
means that there was no evidence that amphetamine had affected
the level of conditioning to the experimental chambers.
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Test: target stimulus
For the A period, there were no effects of Drug, Trace or the
interaction [maximum F(2,66) = 2.1].

Figure 1 shows that in all three drug conditions, the trace groups
were less suppressed than the contiguous groups, confirmed
statistically by an effect of Trace [F(1,66) = 9.36, p < 0.01],
independent of drug treatment as the Drug–Trace interaction was
not significant [F(2,66) = 0.18]. Although Fig. 1 shows both dl-
amphetamine groups tended to be more suppressed than saline
controls, this effect did not reach statistical significance as there
was no significant effect of Drug [F(2,66) = 2.7, p = 0.075].

Test: background stimulus
There were no effects of Drug, Trace or the interaction on the A
period [maximum F(2,66) = 2.6].

The amphetamine groups were more suppressed than saline
controls (Fig. 2). This effect is confirmed statistically by an effect
of Drug [F(2,66) = 11.75, p < 0.001] but there was no significant
effect of Trace or interaction [F < 1]. The t-tests show both 1.5 and

6 mg/kg doses of amphetamine were more suppressed than saline
[t(46) = 4.52, p < 0.01 and t(46) = 3.7, p < 0.01, respectively].
Thus, amphetamine increased conditioning to the background CS.

Experiment 2: 0.5 mg/kg and 1.5 mg/kg 
d-amphetamine (with 5 × 1-s, 0.5-mA shocks)
Pre-conditioning
For the analysis over 10 pre-conditioning days, the only significant
effect on latency to first lick was over Days [F(2,141) = 27.72,
p < 0.001] with latency gradually reducing over days as expected
with habituation to the chamber (means: day 1 = 34.9 s, down to
day 10 = 2.8 s). There were no effects of Drug or Trace condition
(to be) or the interaction [all F < 1]. There was an effect of Days
for total licks per session [F(8,553) = 10.66, p < 0.001] (range
1754–2049 licks) but again no effects of Trace, Drug or the
interaction [maximum F(16,533) = 1.17]. For the pattern of
drinking over time on day 10, there was a significant effect of Bins
[F(11,731) = 205.8, p < 0.001] with licks reducing over time as
would be expected with satiation, but no effect of Drug, Trace or
the interaction [maximum F(22,731) = 1.05].

Reshape
There were no effects of Trace, Drug or the interaction on latency
to first lick [all F < 1]. Again the number of licks reduced over time
as would be expected with satiation, and this was reflected
statistically as a main effect of Bins [F(1,66) = 27.24, p < 0.001].
No other effects or interactions were significant [maximum
F(1,66) = 1.69]. The lack of any significant effects involving Drug
means that there was no evidence that amphetamine had affected
the level of conditioning to the experimental chambers.

Test: target stimulus
For the A period, there were no effects of Drug, Trace or the
interaction [maximum F(2,66) = 2.62].

Figure 3 shows that all contiguous groups are more suppressed
than the corresponding trace group, confirmed statistically by an
effect of Trace [F(1,66) = 14.17, p < 0.001]. There was no effect of
Drug or the interaction [both F < 1]. Thus, amphetamine did not
increase suppression to the target CS.
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Figure 1 Experiment 1: Effects of amphetamine (1.5 and 6 mg/kg dl-
amphetamine) on aversive conditioning to the target (noise) stimulus,
shown separately for trace (30-s) and contiguous (0-s) groups in each
drug condition. Levels of conditioning expressed as mean suppression
ratios: 0 = total suppression; 0.5 = no suppression. Error bars show 2
SEs of the mean

Figure 2 Experiment 1: Effects of amphetamine (1.5 and 6 mg/kg dl-
amphetamine) on aversive conditioning to the background (flashing
light) stimulus, shown separately for trace (30-s) and contiguous (0-s)
groups in each drug condition. Levels of conditioning expressed as
mean suppression ratios: 0 = total suppression; 0.5 = no suppression.
Error bars show 2 SEs of the mean

Figure 3 Experiment 2: Effects of amphetamine (0.5 and 1.5 mg/kg d-
amphetamine) on aversive conditioning to the target (noise) stimulus,
shown separately for trace (30-s) and contiguous (0-s) groups in each
drug condition. Levels of conditioning expressed as mean suppression
ratios: 0 = total suppression; 0.5 = no suppression. Error bars show 2
SEs of the mean
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Test: background stimulus
There was an effect of Drug on the A period [F(2,66) = 3.43,
p < 0.05] with the 1.5 mg/kg dose taking longer to reach 50 licks
than saline groups [t(46) = 2.56, p < 0.05].

There was a significant main effect of Drug on suppression
ratios to the background stimulus [F(2,66) = 4.35, p < 0.05]. The 
t-tests showed that this main effect arose because of overall
increased learning in the 1.5 mg/kg amphetamine compared to the
saline groups [t(46) = 2.99, p < 0.01]. The 0.5 mg/kg were not
significantly different from the saline groups [t(46) = 1.6]. Thus,
there was an increase in conditioning to the background stimulus,
significant at the 1.5 mg/kg dose of amphetamine.

Figure 4 shows that at both amphetamine doses, there was
relatively more suppression in the trace than the contiguous
groups. However, this increase in conditioning to the background
in the amphetamine trace groups was not confirmed statistically, as
there was no significant effect of Trace or Trace by Drug
interaction [maximum F(2,66) = 1.92].

Experiment 3: 0.5 mg/kg and 1.5 mg/kg 
d-amphetamine (with 2 × 1-s, 1-mA shocks)
Pre-conditioning
For latency to first lick over the 10 pre-conditioning days, the only
significant effect was over Days [F(3,259) = 24.36, p < 0.001] with
latency gradually reducing over days (means: day 1 = 29.0 s, down
to day 10 = 3.0 s).

There were no effects of Drug or Trace condition (to be) or the
interaction [maximum F(7,259) = 1.24]. There was an effect of
Days for total licks per session [F(7,509) = 10.6, p < 0.001] (range
2729–3372 licks), but no effects of Trace or Drug condition or the
interaction [all F < 1]. For the pattern of drinking over time on day
10, there was a significant effect of drinking over bins on day 10
[F(12,823) = 177.63, p < 0.001] with less being drunk over time as
would be expected with satiation, but no effect of Drug, Trace or
the interaction [maximum F(24,823) = 1.47].

Reshape
There were no effects of Trace, Drug or the interaction on latency
to first lick [maximum F(1,66) = 2.79]. For drinking in the first

2 min of the session, there was an effect of Drug [F(2,66) = 4.35,
p < 0.05]. No other effects or interactions were significant
[maximum F(1,66) = 2.36]. The t-tests indicate that whilst the
1.5 mg/kg amphetamine group drank significantly less than the
saline group [t(46) = 2.92, p = 0.01], the 0.5 mg/kg amphetamine
group was not significantly different from saline [t(46) = 1.88]
(means: saline = 238; 0.5 mg/kg d-amphetamine = 194; 1.5 mg/kg
d-amphetamine = 168).

Thus, although not slower to begin drinking, at 1.5 mg/kg, the
amphetamine-treated rats showed more sign of conditioned fear to
the context provided by the experimental chambers.

Test: target stimulus
For the A period, there were no effects of Drug, Trace or the
interaction [maximum F(2,66) = 2.2].

Analysis of the suppression ratios revealed an effect of Trace
[F(1,66) = 18.09, p < 0.001], an effect of Drug [F(2,66) = 4.39,
p < 0.05] and a Trace by Drug interaction [F(2,66) = 5.74,
p < 0.01]. As would be expected from Fig. 5, the contiguous groups
were not significantly different from each other [maximum
t(22) = 0.86]. For the trace groups, the 1.5 mg/kg d-amphetamine
group was significantly more suppressed than the saline trace
group [t(22) = 3.34, p < 0.05], but the 0.5 mg/kg amphetamine
group was not more suppressed than the saline trace group
[t(22) = 1.76].

Test: background stimulus
Analysis of the A period showed an effect of Trace [F(1,66) = 4.44,
p < 0.05] with longer latency in the contiguous than trace groups
(means: contiguous = 12.7 s and trace = 9.3 s).

For suppression ratios, there was a significant effect of Trace
[F(1,66) = 4.2, p < 0.05] and an effect of Drug [F(2,66) = 16.77,
p < 0.001]. For the effect of Drug, t-tests confirmed that the saline
condition was overall less suppressed than either amphetamine
condition, for 0.5 mg/kg d-amphetamine [t(46) = 4.74, p < 0.01]
and for 1.5 mg/kg d-amphetamine [t(46) = 5.72, p < 0.01].

As can be seen from Fig. 6, the effect of Trace seems to arise in
the amphetamine conditions. However, there was no statistical
evidence that conditioning to background depended on whether the
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Figure 4 Experiment 2: Effects of amphetamine (0.5 and 1.5 mg/kg d-
amphetamine) on aversive conditioning to the background (flashing
light) stimulus, shown separately for trace (30-s) and contiguous (0-s)
groups in each drug condition. Levels of conditioning expressed as
mean suppression ratios: 0 = total suppression; 0.5 = no suppression.
Error bars show 2 SEs of the mean

Figure 5 Experiment 3: Effects of amphetamine (0.5 and 1.5 mg/kg d-
amphetamine) on aversive conditioning to the target (noise) stimulus,
shown separately for trace (30-s) and contiguous (0-s) groups in each
drug condition. Levels of conditioning expressed as mean suppression
ratios: 0 = total suppression; 0.5 = no suppression. Error bars show 2
SEs of the mean
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target was conditioned with or without a trace interval because the
Trace by Drug interaction was not significant [F < 1].

Discussion

These experiments tested whether amphetamine would increase
conditioning to relatively uninformative predictors of footshock
(UCS). Two such predictors were provided by the target noise (CS)
presented with a trace interval and the background flashing light
stimulus in a conditioned suppression of drinking procedure. A
series of three experiments varied UCS parameters to test the
generality of amphetamine effects on trace and contextual
conditioning.

What did the results show?
Experiments 1 and 2 run with 0.5-mA footshock both showed that
amphetamine increased conditioning to the experimental back-
ground (although only at 1.5 mg/kg d-amphetamine), which is
consistent with the hypothesis that hyperdopaminergic animals
show increased conditioning to stimuli that are relatively
uninformative. These experiments used different doses and isomers
of amphetamine (in each case based on those used in the LI
literature). In neither case did we see any increased conditioning to
discrete stimuli and, in particular, we did not see the predicted
increase in conditioning over the trace interval. It does not seem
likely that the effect of amphetamine on conditioning to the
experimental background stimulus is occurring simply as a
function of low baseline levels of conditioning, as the levels of
suppression to the contiguous and trace CS under saline in
Experiment 1 were also fairly low, and amphetamine was without
effect in these cases. Replication at different shock parameters also
tests the generality of the observed effects (in Experiment 2 we
kept the number of pairings and the shock intensity the same as in
Experiment 1 but increased the duration of shock presentation from
0.5 to 1 s).

In Experiment 3, with shock intensity now set at 1 mA, both the
0.5 and the 1.5 mg/kg doses d-amphetamine increased conditioning
to the experimental background stimulus. The 1.5 mg/kg dose also

increased conditioning over the trace. Thus, whilst the effect of
amphetamine on conditioning to the experimental background
stimulus was seen across all three experiments, heightened
conditioning across the trace interval was restricted to Experiment
3. These parameters were also differentially effective in that (at the
higher shock intensity) we saw increased conditioning to the
contextual stimuli provided by the experimental chambers (at
1.5 mg/kg), and the 0.5 mg/kg dose d-amphetamine, which was
without significant effect in Experiment 2, now increased
conditioning to the experimental background stimulus.

Baseline measures of drinking
Before the interpretation of effects on conditioning can be
considered, any possible effects on baseline responding (e.g.
mediated through effects on conditioning to apparatus cues) must
be taken into account. In all three experiments, the pre-
conditioning measures demonstrated that groups were matched for
latency to drink and number of licks prior to conditioning. Post-
conditioning, in Experiment 3, the 1.5 mg/kg d-amphetamine
group was more suppressed than the saline groups over the first
two bins of drinking at reshape, suggesting that amphetamine had
increased conditioning to the experimental chamber, but this effect
was extinguished by the test day as the A periods showed no effect
of amphetamine on responding.

In addition to the use of suppression ratios, which adjust for
baseline variation in lick rate, analyses of the A periods for the
most part confirmed that baseline response rates were well
matched prior to test presentations of the target and background
stimuli. The two effects that were found were inconsistent (in both
cases, only prior to presentation of the background but not the
target stimulus, and only by drug condition in Experiment 2 and by
trace condition in Experiment 3).

Conditioning to the trace CS
In both Experiment 1 (with 1.5 and 6 mg/kg of dl-amphetamine)
and Experiment 2 (with 0.5 and 1.5 mg/kg of d-amphetamine),
drug treatments were without effect on conditioning to the trace
CS. This lack of effect of the amphetamine treatments was
observed under two different sets of conditioning parameters
(shock duration was increased from Experiment 1–2) that resulted
in two different baseline levels of conditioned emotional response
(measured as the suppression ratio). However, in Experiment 3, run
with higher shock intensity, d-amphetamine (at 0.5 and 1.5 mg/kg)
increased conditioning to the trace CS.

The difference between Experiments 2 and 3 was in the UCS
parameters (intensity and number of trials), which suggests that the
increased conditioning produced by amphetamine depends on the
baseline level of fear conditioning. The higher shock intensity used
in Experiment 3 might have been a more effective way to increase
conditioning than the increased number of conditioning trials used
in Experiment 2 because these were equally spaced, so that the
shock could have become predictable on the basis of the temporal
interval between conditioning trials.

Importantly, the effects of amphetamine observed in Experi-
ment 3 were confined to the trace groups, as the level of suppression
in the contiguous amphetamine groups was not significantly
different from that seen in the contiguously conditioned saline
controls. However, it is nevertheless possible that the heightened
conditioning over the trace may be an artefact of a ceiling in
suppression in Experiment 3. On this argument, the contiguously
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Figure 6 Experiment 3: Effects of amphetamine (0.5 and 1.5 mg/kg d-
amphetamine) on aversive conditioning to the background (flashing
light) stimulus, shown separately for trace (30-s) and contiguous (0-s)
groups in each drug condition. Levels of conditioning expressed as
mean suppression ratios: 0 = total suppression; 0.5 = no suppression.
Error bars show 2 SEs of the mean
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conditioned groups under 0.5 and 1.5 mg/kg d-amphetamine would
have shown even higher levels of suppression if only the
suppression ratio for the saline treated group had not been already
so close to zero. Figure 5 suggests that the ratios are not at a
numerical floor, but there could still be a behavioural ceiling in the
level of learning that can be supported with the Experiment 3
conditioning parameters. Consistent with this interpretation, we
have already shown in Experiments 1 and 2, that with shock
parameters that produced lower levels of baseline conditioning,
there were no significant drug effects, and at higher levels of
conditioning such as those supported in Experiment 3, there will
always be the theoretical possibility of a ceiling effect. This issue
might in principle be resolved by further extinction testing (Joseph
et al., 2000). Conversely, drug-induced increases in conditioning
over a trace interval may only be seen when there has been a
minimum level of trace conditioning to begin with. On this kind of
argument, a behavioural floor in the level of suppression to the
trace stimulus might in principle account for the lack of drug effect
in Experiments 1 and 2 (in fact, in Experiment 1, the saline-treated
trace group are also near a numerical ceiling as the suppression
ratios are close to 0.5). Drug effects on LI can similarly depend on
the size of the behavioural effect (as shown in the control group)
supported by the particular parameters in use (for a review, see
Weiner et al., 1997).

Conditioning to the background stimulus
The previously 5-s duration noise CS was presented continuously
at test to maximize the likelihood that the rats would extinguish
over the course of the session and thus avoid floor effects as far as
possible. Conditioning to the background was assessed in exactly
the same way but, in this case, this meant no change in the
stimulus’ (relatively long) duration. Thus, for target, but not
background, the stimulus change from acquisition to extinction
testing would be likely to reduce the overall amount of conditioned
suppression. This means that we cannot compare the levels of
conditioning to target and background in absolute terms. However,
we can compare the presence versus absence of treatment effects in
this kind of procedure.

Conditioning to context can be increased by (hippocampal and
accumbens) lesions that are without effect on conditioning to
discrete stimuli (e.g. Winocur et al., 1987; Reidel et al., 1997) and
(with serotonergic depletion) we have previously dissociated
conditioning to background stimuli with the same trace condition-
ing procedure as was used in the present study (Cassaday et al.,
2001). Such findings suggest that amphetamine would not
necessarily have equivalent effects on stimuli rendered uninforma-
tive by the introduction of a trace interval.

The results of the present study show that amphetamine
increased conditioning to the flashing light background for both
contiguous and trace groups in all three experiments and under all
amphetamine treatments (except 0.5 mg/kg d-amphetamine in
Experiment 2). Experiment 2 was run with five pairings of CS and
low footshock intensity and Experiment 3 (that used the same
amphetamine treatment regime) was run with two pairings of CS
and higher footshock intensity. Thus, the effect of amphetamine on
conditioning to the (relatively uninformative) predictor provided
by the flashing light background was very robust, seen with both
dl- and d-amphetamine dosage regimes, although only at the higher
shock intensity for the 0.5 mg/kg dose of d-amphetamine.

The 1.5 mg/kg dose of dl-amphetamine used in Experiment 1

was the same as that found to disrupt LI (Weiner et al., 1988). The
0.5 and 1.5 mg/kg doses of d-amphetamine used in Experiments 2
and 3 were the same as those doses found to disrupt LI (Killcross
and Robbins, 1993; Killcross et al., 1994). In contrast to the effects
of dl-amphetamine on LI (Weiner et al., 1987), in the present study,
the 6 mg/kg dose was also effective in increasing conditioning to
the background stimulus. With this exception, the same treatments
that increase conditioning to a latently inhibited stimulus can also
increase conditioning to background stimuli, the associability of
which would normally be low. However, it should be noted that the
uninformativeness of stimuli about a subsequent UCS was not a
sufficient condition for observing amphetamine effects in that
heightened conditioning over the trace interval was not seen with
the parameters used in Experiments 1 and 2 (see also below).

Amphetamine effects and baseline suppression
Comparison of the different levels of suppression seen in the
different behavioural conditions, and under the different
conditioning parameters in Experiments 1–3, allows us to
distinguish drug effects that depend on the predictive value of the
stimulus in use from those that might instead arise from a general
increase in conditioning with an aversive UCS (Killcross et al.,
1994; Weiner et al., 1997), similar to arguments based on a form of
‘rate-dependency’ effect (Kelleher and Morse, 1968; Rawlins et
al., 1980). The present data do not support this interpretation. For
example, the general levels of suppression to target in Experiment
1 (Fig. 1) were quite similar to the levels of suppression to
background in Experiments 2 and 3 (Figs 4 and 6); however, the
drug effect was restricted to the latter contextual conditioning.
Amphetamine increased conditioning to the poor predictor
provided by the experimental background, more or less irrespective
of the UCS parameters in use.

Thus, the observed effects of amphetamine are specific in
selectively increasing conditioning to the uninformative predictor
provided by the experimental background (in all three experi-
ments) and the trace CS (in Experiment 3), whereas effects on
baseline suppression should have been more generally apparent
(where conditioning was weaker because of the use of a lower
intensity UCS). However, there was absolutely no effect of 
d-amphetamine on conditioning to target in Experiment 2, despite
the fact that at this level of suppression there was even more scope
for such differences to emerge.

How best to account for heightened conditioning
under amphetamine?
Taken together, these experiments show that amphetamine can
increase conditioning to relatively uninformative predictors
(Solomon et al., 1981; Weiner et al., 1981, 1988). However, whilst
heightened conditioning to context was seen very consistently,
increased conditioning to a trace CS was seen in Experiment 3 but
not in Experiments 1 and 2. What then is the best explanation of
these effects? Increased arousal is said to heighten attentional focus
(Easterbrook, 1959) but, under some circumstances, it can increase
‘breadth of attention’ (Eysenck, 1992; Keogh and French, 1999).
Here, the increased conditioning seen to the background stimulus
is never at the expense of conditioning to the target, which fits well
with a breadth of attention account. Thus, the heightened arousal
produced by amphetamine could act to increase the range of cues
used. The additional increased conditioning to the trace CS (as well
as to the background stimulus) seen in the study run at the higher
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shock level could be accounted for post hoc if we assume that
amphetamine treatment and shock level have additive effects
(Hellman et al., 1983). Thus, the higher shock parameters used in
Experiment 3 resulted in conditioning to a wider range of stimuli
(trace, background and context) at the higher dose of d-
amphetamine. Similarly, for conditioning to background, the same
treatment (0.5 mg/kg d-amphetamine) that was ineffective in
Experiment 2 becomes effective in Experiment 3. Thus, on three
counts, in Experiment 3, we are seeing more than simply the usual
effect of amphetamine.

These results can be accounted for if we consider two aspects to
increased breadth of attention. First, there was heightened
conditioning to simultaneously presented stimuli. Specifically, in
all three experiments, amphetamine increased conditioning to the
experimental background stimulus and, in Experiment 3, also to
the contextual stimuli provided by the conditioning chambers, with
this effect restricted to the 1.5 mg/kg d-amphetamine dose. Second,
increased breadth of attention could explain the heightened
conditioning to stimuli temporally removed from the outcome seen
in Experiment 3 (with this effect again restricted to the 1.5 mg/kg
dose d-amphetamine).

This is not simply a restatement of the effects observed because
of the independent evidence that arousal can increase breadth of
attention (Eysenck, 1992; Keogh and French, 1999). Consistent
with this account, salience overshadowing, where two discrete
stimuli of equivalent duration compete for associative strength, is
also abolished by treatment with amphetamine (O’Tuathaigh and
Moran, 2002). In the present study, the wider range of effects seen
in Experiment 3 (see above) are consistent with some kind of
additivity between the effects of shock and drug on arousal. If this
interpretation is correct, the observed effects should be repro-
ducible at lower shock parameters but with a different dose–
response. In principle, a higher dose of amphetamine should affect
conditioning over trace at lower shock levels. In practice, the
problem with larger doses of systemic drugs is that they do not
simply have bigger effects in the same brain system. For example,
higher doses of amphetamine will affect dorsal striatum rather than
accumbens (Groves and Rebec, 1976) and, on some accounts,
these areas act antagonistically (Joyce and Iversen, 1984).

Finally, the lack of effect in the contiguously conditioned group
could in principle be confounded by a ceiling effect but the levels
of conditioning to background (under amphetamine) are similar to
those seen to trace CS in Experiments 1 and 2. Thus, overall, the
observed effects would seem consistent with an effect on breadth
of attention rather than just level of conditioning.

An alternative possibility arises in that amphetamine-induced
increases in UCS impact heightened conditioning (Killcross et al.,
1994) and it has previously been shown that rats condition more to
context at higher shock intensities (Odling-Smee, 1978). However,
if amphetamine had acted to increase conditioning through an
effect on UCS impact in the present series of experiments, then this
effect should have been apparent throughout, whenever learning
had been reduced (whether because of the introduction of a trace
interval or the use of relatively low shock in contiguous groups).

Alternatively, amphetamine might have increased conditioning
to background by reducing the LI that would normally result from
repeated exposures to context. The flashing light background is
exactly the kind of stimulus which would be expected to be prone
to LI because its intermittent nature effectively generates a very
high number of stimulus presentations (Weiner et al., 1997).

Consistent with this interpretation, serotonergic depletion, a
treatment similarly effective in abolishing LI (for a review, see
Weiner and Feldon, 1997) also increased conditioning to back-
ground in the trace conditioning procedure used here (Cassaday et
al., 2001). The interdependence between LI and contextual
conditioning is further discussed below.

Implications for LI
These experiments test the generality of amphetamine effects in
additional learning paradigms that provide animals with more or
less informative stimuli. Such animal models can be used to test
the more general theoretical implications of the LI literature and so
extend our understanding of the cognitive abnormalities of schizo-
phrenia. For example, the switching hypothesis (formulated for LI)
proposes that pre-exposed animals nevertheless condition because
they switch more rapidly to current reinforcement contingencies
under amphetamine (Weiner, 1990; Weiner and Feldon, 1997). In
the present study, the finding of increased conditioning to the
background stimulus (in all three experiments) is consistent with
the hypothesis that amphetamine treated rats were more likely to
switch attentional resources to alternative available stimuli.

In the present study, an uninformative predictor was also
provided by the trace CS and, on some accounts, such a stimulus
would be expected to be functionally similar to that provided by a
stimulus rendered uninformative through LI. Repeated exposure to
a CS may result in the latter portions of the CS becoming
ineffective and so equivalent to a time interval between CS offset
and UCS delivery (DeVietti et al., 1987). Consistent with this
functional similarity, there is some evidence that trace conditioning
and LI depend on the same limbic structures (Solomon and Schaaf,
1986; Buchel et al., 1999). In Experiment 3, there was indeed an
increase in conditioning confined to the target trace CS. However,
whilst in LI procedures, learning may normally result because of a
failure to switch attentional resources to current reinforcement
contingencies, in the trace conditioning procedure used here,
heightened switching under amphetamine should further reduce
learning to the trace CS. Thus, in contrast to the result of
heightened conditioning to the experimental background, the result
of increased conditioning to the trace CS observed in Experiment 3
finds no obvious account in terms of the switching hypothesis
developed to account for amphetamine effects on LI.

As discussed above, the effect of amphetamine on conditioning
to a trace CS was only seen under restricted conditions. The
finding that amphetamine increased aversive conditioning to a
discrete trace stimulus when conditioned at higher footshock
intensity contrasts with the very solid body of evidence that
amphetamine increases conditioning to a pre-exposed stimulus
(relative to a control group like that used here) over a range of
baseline conditioning levels (Weiner et al., 1997). The trace-
conditioned group used here responded like a pre-exposed group
only at the higher shock parameters used in Experiment 3 (see
above). Thus, the uninformativeness of stimuli about subsequent
events was not a sufficient condition for observing amphetamine
effects on conditioning.

The consistent increase in aversive conditioning to contextual
stimuli under amphetamine could represent an additional instance
of heightened conditioning, or could arise through a loss of the
normal latent inhibition seen to context. However, the
interdependence between contextual conditioning and LI cuts two
ways because contextual change will abolish LI (Lovibond et al.,
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1984; Hall and Honey, 1989). Similarly, human LI is very sensitive
to contextual changes and can be abolished by changes in virtual
context or mental state (Gray et al., 2001). Thus, heightened
contextual learning under amphetamine could well provide a
mechanism for its effects on LI in aversive procedures. For
example, in conditioned suppression tests, LI has been run with
controls for state-dependency which show that (provided a
sensitizing injection has been given) amphetamine treatment at
conditioning is critical to the disruption of the effect, irrespective
of whether amphetamine is also given during pre-exposure and test
phases, so the shift from drug to drug-free is not a critical
component of the context change (Weiner et al., 1988; Joseph et
al., 2000). However, off-the-baseline extinction tests of the
strength of learning necessarily introduce other contextual changes
between pre-exposure, conditioning and test (presence versus
absence of footshock deliveries and water access). Increased
sensitivity to such contextual changes could be sufficient to abolish
LI.

Further experiments should tell us whether more selective
dopaminergic manipulations that affect LI will dissociate effects on
conditioning weakened by trace delay or contextual role from
effects on salience manipulated directly via changes in stimulus
intensity (O’Tuathaigh and Moran, 2002).
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