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Abstract

Strain differences in perception, cognition and affect have been found to interact with the effect of experimental treatments on learning.

The present study tested Dark Agouti (DA) and Wistar rats in conditioning to discrete and contextual stimuli, for strain differences in

conditioned emotional response (CER) and effects of stimulus modality. A Pavlovian trace-conditioning procedure was used in which a

discrete target stimulus (flashing light or tone, counterbalanced across groups) was paired either contiguously or at a 30-s trace with

footshock. Contextual conditioning was assessed using a background (continuously presented) experimental stimulus (alternate to that used

as target). Experiment 1 used 5�0.5 mA, 0.5-s footshock and Experiment 2 used 2�0.5 mA, 1-s footshock. In both experiments,

conditioning to the discrete (target) and background stimuli interacted with strain of rat and stimulus modality. For conditioning to the target

stimulus, the trace-conditioning effect (of relatively greater suppression in contiguously conditioned than trace-conditioned groups) differed

by stimulus and strain. It was greater for the Wistar strain with the flashing light stimulus and for the DA strain with the click stimulus

(although the latter was not significant in Experiment 1). In addition, suppression to the background stimulus was affected by stimulus

modality for the DA but not Wistar strain in both experiments. DAs conditioned more to the click than the light as background, whereas

there was no difference by stimulus modality for Wistars, although the exact pattern of how this stimulus modality effect was mediated

differed between experiments. These results demonstrate that stimulus modality can be an issue when considering apparent strain differences

in conditioning.

D 2004 Elsevier Inc. All rights reserved.

Keywords: Strain differences; CER; Dark Agouti; Wistar; Stimulus modality; Discrete and contextual conditioning
1. Introduction

Behavioural differences in learning tasks have been

documented between commonly used strains of labora-

tory rat (e.g., Refs. [1–3]). These differences may

account for some of the inconsistencies in response to

psychoactive drugs and affect the choice of strain for

animal models of psychiatric disorders. When interpret-

ing behavioural variation, it is important to consider such

strain differences. There have been few direct compar-

isons of the two strains evaluated here (DAs and
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Wistars) but there is evidence of variation between other

strains in sensory processing [4], emotionality [3,5,6] and

cognition [7] and their interaction with experimental

treatments [8,9].

With respect to modality-specific differences in con-

ditioning, there has been relatively little documented,

despite the evidence that rat strains vary in basic visual

acuity [10] and this has an impact on their ability to learn

visual tasks (e.g., Ref. [11]). Thus, it would seem likely that

the use of visual stimuli might underestimate rats’ abilities

in conditioning task, in at least some strains. Comparison of

DA and Wistar strains shows evidence of greater visual

acuity in the DA than Wistar strain [10,12], but no

differences in auditory sensitivity have been documented

(that the authors are aware of). Strain differences in sensory
82 (2004) 611–619
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abilities may contribute to observed learning differences,

e.g., where a light but not a tone stimulus produced latent

inhibition (LI; in which the associability of a stimulus is

weakened by prior presentation without consequence) in

DA rats whereas Wistars demonstrated LI to both stimuli

[13].

Recently, there has been a particular interest in the

neural basis of selective learning tasks in which the

reliability with which a stimulus predicts an event (such

as food or footshock) is manipulated, not least because

of evidence that such cognitive functions are impaired

in schizophrenia [14–17]. For example, LI procedures

have been used to investigate the neural substrates of

selective learning [16–18]. The trace-conditioning proce-

dures used in the present study can similarly be used to

test the effects of experimental treatments on condition-

ing to relatively uninformative predictors, in this case,

provided by the trace-conditioned discrete CS and the

contextual background stimuli. Typically, where learning

about the discrete CS is weakened by the introduction

of the trace interval, increased conditioning to the

context has been observed [19,20], although these

inverse levels of conditioning have not always been

observed [21,22].

Previously, we have used a conditioned emotional

response (CER) procedure to measure conditioning to

discrete and contextual stimuli that predict shock, for

example, using Dark Agouti (DA) rats to test the effects of

serotonergic depletion [22] and Wistars to test effects of

systemic amphetamine, on fear conditioning [23]. Wistars

are a more typical strain for selective learning tasks [24–

26]. Therefore, the present study tests for differences

between DA and Wistar rats, both in terms of aversive

conditioning and how this is moderated by the modality of

the target versus background stimulus. Such strain differ-

ences have been reported in another selective learning task,

LI [13], in that DA rats demonstrated LI to visual but not

auditory stimuli, whereas LI was seen to both modalities of

stimuli in Wistar rats.

Here, Experiment 1 compared DA with Wistar rats

using five shock pairings of conditioned stimulus with a

0.5-mA, 0.5-s footshock. These parameters produced some

strain differences in conditioning to experimental stimuli

but also some persistent differences in the level of

suppression shown to box context. Therefore, Experiment

2 used rats that had been given additional preexperimental

handling (details given in Methods). In addition, Experi-

ment 2 used a reduced number of conditioning trials (two

pairings of 0.5-mA, 1-s footshock) in an attempt to

minimize conditioning on the basis of the intertrial interval

and so promote conditioning to the experimental back-

ground stimulus. These procedural modifications also

allowed us to test the generality of effects found in

Experiment 1. Each experiment was conducted in two

replications with DA rats tested in the first and Wistar rats in

the second replication.
2. Methods

2.1. Animals

Experiment 1 used 48 (n=12 per cell) naRve male

Wistar rats (Charles Rivers, Margate, UK) of mean

weight 309 g (range 220–362 g) in the first replication

and 26 (n=6/7 per cell) naRve male DA rats (Harlan,

Bicester, UK) of mean weight 261 g (range 239–285 g)

in the second replication. Experiment 2 used 24 (n=6 per

cell) male Wistar rats (Charles Rivers) of mean weight

361 g (range 352–422 g) in the first replication and 24

(n=6 per cell) male DA rats (Harlan) of mean weight 253

g (range 232–268 g) in the second replication. All rats

were between 8 and 12 weeks old. The animals in

Experiment 2 had additional exposure to an open field

and T maze, but no experimental treatment or food

deprivation, 2 weeks prior to the start of experimental

procedures.

All animals were caged in pairs on a 12:12-h light/dark

cycle and were 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 throughout. All procedures were carried out in

accordance with the United Kingdom Animals Scientific

Procedures Act 1986, Project Licence numbers PPL 40/

1423 and PPL 40/2019.

2.2. Apparatus

Four identical fully automated conditioning chambers,

housed within sound-attenuating cases containing ventila-

tion 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 only when water was available. A loud-

speaker for the presentation of auditory stimuli was set in the

roof.

Two stimuli were used in this procedure as target and

background (fully counterbalanced); a click set at 2 Hz and

70 dB (including background) with the pulses of sound

separated by 0.5-s intervals; and a flashing light provided by

the three wall-mounted stimulus lights and the house light

flashing both on and off for 0.5 s. Footshock was delivered

through the grid floor by a constant current shock generator

(MISAC Systems, Newbury, UK). Stimulus control and data

collection was by an Acorn Archimedes RISC computer
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programmed in Basic with additional interfacing using an

Arachnid extension (Cambridge Cognition).
3. Procedure

Experiments were run in two replications over 3 weeks

each. Rats were handled for approximately 10 min per

day for 2 weeks. Additionally, the animals (both Wistars

and DAs) in Experiment 2 had been exposed to an open

field and T maze. Water deprivation was introduced the

day before shaping. The procedure consisted of four

stages.

3.1. Preconditioning

Rats were shaped until all drank from the waterspout and

were individually assigned to a conditioning box for the

duration of the experiment, counterbalanced for behavioural

condition.

There then followed 9 days of pretraining, 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 experimental context.

3.2. Conditioning

Conditioning was conducted in one day following the

last preconditioning day. No water was available within the

chamber and the waterspout was not illuminated. Thus,

there were no measures to record.

There was a continuous background stimulus (either

flashing light or click) onto which pairings of the 5-s target

stimulus (the alternate stimulus to that used as background)

and footshock were superimposed. There were five pairings

of the target CS with a 0.5-mA, 0.5-s shock. The first

pairing was presented 5 min into the session and

subsequent pairings were presented at 5-min intervals

thereafter, with the final shock delivered 5 min before the

end of the session.

Depending on experimental group, the footshock

followed either 0 (for the contiguously conditioned

groups) or 30 s (for the trace-conditioned groups) after

target CS offset. The background stimulus was presented
Table 1

Mean (FS.E.M.a) latency to drink at reshape

Experiment Strain 0-s Light

1 DA 83 (15)

Wistar 10 (4)

2 DA 290 (130)

Wistar 378 (133)

a S.E.M.=standard error of the mean.
throughout the session, including the 30-s interstimulus

interval.

3.3. Reshaping

On the day following conditioning, animals were

reshaped following the same procedure as in precondition-

ing sessions. This was in order to reestablish drinking after

conditioning and additionally provided a measure of

conditioning to the box context itself (again, latency to first

lick).

3.4. Test

There were two test days, one for each of the two

experimental stimuli, with the order of testing counter-

balanced 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 extinction tests and

the stimulus was presented continuously throughout the

session; thus, 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 (6 DAs).

3.5. Statistics

Analysis of variance (ANOVA) was conducted in a

2�2�2 factorial design. The between-subjects factors

were stimulus (i.e., target stimulus type, at levels click

and light), trace (at levels contiguous and trace) and strain

(at levels Wistar and DA). The dependent variables at test

were the A period and suppression ratio. Suppression

ratios adjust for variation in the A period on an

individual rat basis. At preconditioning and reshape,

latency to first lick provided a measure of habituation

or conditioning to context (respectively), and was

analysed in the same 2�2�2 design, with the repeated-

measures factor of days (at 9 levels) for the precondition-

ing latencies.

Mauchly’s test of sphericity was applied to the repeated-

measures ANOVAs, and the necessary Huynh–Feldt correc-
30-s Light 0-s Click 30-s Click

389 (132) 49 (17) 291 (158)

39 (23) 5 (2) 7 (3)

207 (141) 69 (30) 173 (146)

632 (170) 163 (66) 654 (131)



Table 2

Mean (FS.E.M.a) latency to 50 licks (A period) prior to target stimulus presentation at test

Experiment Strain 0-s Light 30-s Light 0-s Click 30-s Click

1 DA 53 (23) 25 (5) 34 (4) 25 (5)

Wistar 12 (2) 9 (1) 10 (1) 16 (3)

2 DA 26 (2) 40 (8) 24 (3) 32 (12)

Wistar 42 (15) 104 (33) 49 (8) 44 (15)

a S.E.M.=standard error of the mean.
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tions were made where the sphericity assumption was

violated. All ANOVAs used an alpha level of .05. 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 were collapsed across groups.
4. Results

4.1. Experiment 1

Data for three rats were missing due to a technical failure

at test. These were all Wistars, one from each of the groups:

click 0 s, click 30 s and light 30 s.

4.1.1. Preconditioning

For the latency to drink measure over the 9 days of

preconditioning, there was an effect of days, F(5,299)=

18.23, Pb .001, with latencies reducing over days (range of

means: Day 1=26.48 s to Day 10=5.62 s), as would be
Fig. 1. Experiment 1: Mean suppression ratio for Wistar and DA strains to light or

30-s trace (white bars). Error bars represent two standard errors of the group mea
expected with habituation to the experimental chamber.

There were no interactions of trace, strain or stimulus with

days, Fmax(5,299)=2.05. However, there was an overall

effect of strain, F(1,63)=25.28, Pb .001, with longer

latencies in the DA than Wistar rats (means: DA=15.55 s,

Wistar=8.16 s).

4.1.2. Reshape

There was an effect of trace, F(1,63)=11.73, Pb .01, an

effect of strain, F(1,62)=19.79, Pb .001 and a Strain�Trace

interaction, F(1,63)=9.32, Pb .01.

Means (see Table 1) show that this interaction arose

because although the trace-conditioned groups had longer

latencies than the corresponding contiguously conditioned

groups for both strains, this difference was significant only in

the DA strain, t(24)=2.53, Pb .05. Thus, over and above the

unconditioned difference in drink latency seen at precondi-

tioning, the DA rats showed more suppression generally, and

in particular in the trace-conditioned group, consistent with

an effect on contextual conditioning over and above the

unconditioned strain difference.
click target CS paired with footshock either contiguously (grey bars) or at a

n.



Table 3

Mean (FS.E.M.a) latency to 50 licks (A period) prior to background stimulus presentation at test

Experiment Strain 0-s Light 30-s Light 0-s Click 30-s Click

1 DA 28 (4) 21 (2) 60 (17) 23 (3)

Wistar 12 (2) 11 (2) 13 (3) 13 (2)

2 DA 33 (7) 39 (11) 25 (4) 39 (12)

Wistar 107 (65) 186 (141) 42 (7) 45 (16)

a S.E.M.=standard error of the mean.
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4.1.3. Test to target stimulus

A period: As can be seen from the means (Table 2), DA

rats again had longer latencies than Wistars, seen as an

effect of strain, F(1,63)=25.33, Pb .001. There was also a

Strain�Trace interaction, F(1,63)=4.99, Pb .05. However,

in contrast to the clear difference in latency seen at reshape,

whereby the trace-conditioned rats were slower to drink, on

the A periods, there was no significant difference between

trace and contiguous groups for either strain, tmax(24)=1.6,

P=.1.

As the means show (Table 2), the Strain�Trace

interaction must have arisen because the DA 0-s group

were more suppressed than any other group, although by

t test, that difference did not always reach significance.

The DA 0-s group was significantly more suppressed

than both 0- and 30-s Wistar groups, t(33)=3.8, Pb .01

and t(32)=3.43 Pb .01, respectively, but as stated above,

not significantly more suppressed than the DA 30-s

group.

Suppression ratio: As expected, there was an overall

effect of trace, F(1,63)=13.74, Pb .001 (means: contigu-

ous=0.13 and trace=0.27) in the absence of an interaction

with stimulus or strain, Fmax(1,63)=2.67, P=.11. Nor was

there any main effect of strain, F(1,63)=1.26, P=.27. There

was, however, a main effect of stimulus, F(1,63)=17.3,
Fig. 2. Experiment 1: Mean suppression ratio for Wistar and DA strains to

light (grey bars) or click (white bars) as background CS (alternate to target

CS). Error bars represent two standard errors of the group mean.
Pb .001. This arose because there was greater suppression to

the click than to the light. Although there was no significant

interaction by strain in the omnibus ANOVA, Fig. 1

suggests that the effect of trace was greatest for the Wistar

rats with light as target.

4.1.4. Test to background stimulus

A period: There was an effect of trace, F(1,63)=10.42,

Pb .01; an effect of strain, F(1,63)=35.5, Pb .001; an effect

of stimulus, F(1,63)=6.93, Pb .01; a Trace�Stimulus

interaction, F(1,63)=3.94, Pb .05; a Trace�Strain interac-

tion, F(1,63)=9.20, Pb .01; a Strain�Stimulus interaction,

F(1,63)=4.66, Pb .05, and a three-way interaction of Trace
�Stimulus�Strain, F(1,63)=4.65, Pb .05. Table 3 shows

that the three-way interaction arose because the 0-s DA

group with click as target (and therefore, light as back-

ground) had longer latency to 50 licks than any other

experimental group, tmin(11)=2.26, Pb .05.

Suppression ratio: On the suppression ratio measure, the

level of suppression to the background stimulus did not

depend on target trace condition as there was no effect of

trace or interactions with trace, Fmax(1,63)=2.88. There was

an effect of strain, F(1,63)=4.88, Pb .05, an effect of

stimulus, F(1,63)=11.15, Pb .001, and a Strain�Stimulus

interaction, F(1,63)=5.22, Pb .05. Fig. 2 shows that the

Strain�Stimulus interaction arose because the DA rats with

click as background stimulus (and light as target) were more

suppressed to the background than all other groups,

tmin(24)=2.69, Pb .05.

4.2. Experiment 2

4.2.1. Preconditioning

The latency to commence drinking reduced over the 9

days of preconditioning as would be expected with

habituation to the experimental chamber (means: Day

1=18.64 to Day 10=7.38 s). This increasing readiness to

drink was not affected by strain or by the experimental

conditions (to be) of stimulus or trace. This was seen

statistically as an effect of days, F(2,57)=6.21, Pb .001, in

the absence of any effects of strain, stimulus, trace or their

interaction, Fmax(1,40)=2.1.

4.2.2. Reshape

There was an effect of trace, F(1,40)=4.62, Pb.001, an

effect of strain, F(1,40)=9.30, Pb.01, and a Trace�Strain



Fig. 4. Experiment 2: Mean suppression ratio for Wistar and DA strains to

light (grey bars) or click (white bars) as background CS (alternate to target

CS). Error bars represent two standard errors of the group mean.
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interaction, F(1,40)=4.12, Pb .05. This interaction arose

because of the longer latency to drink in the trace-

conditioned Wistar rats, compared with all other groups

(see Table 1), tmin(22)=2.90, Pb .01. There was no effect

of stimulus, either overall or in interaction, Fmax(1,40)=

1.56.

4.2.3. Test to target stimulus

A period: There were no effects of trace, stimulus, strain

or interactions, Fmax(1,40)=2.85, in the time taken to 50

licks in the absence of the target stimulus.

Suppression ratio: There was an effect of trace,

F(1,40)=17.35, Pb .001, an effect of stimulus, F(1,40)=

5.80, Pb .05, and a Trace�Stimulus�Strain interaction,

F(1,40)=4.17, Pb .05. As can be seen from Fig. 3, the

interaction arose because although the contiguously con-

ditioned groups were more suppressed than the trace-

conditioned groups, this was only significant for the Wistar

light and DA click groups, t(10)=2.8, Pb .05 and

t(10)=2.46, Pb .05, respectively.

4.2.4. Test to background stimulus

A period: There were no effects of strain, trace or

stimulus, Fmax(1,40)=2.43, on responding prior to back-

ground stimulus presentation.

Suppression ratio: On the suppression ratio measure,

there was a Stimulus�Strain interaction, F(1,40)=4.32,

Pb .05. As Fig. 4 illustrates, this interaction arose because

for the DA rats, the group with light as background

(therefore, click as target) were significantly less suppressed

than those DAs with click as background (and light as

target), t(22)=2.58, Pb .05, whereas for the Wistar strain,
Fig. 3. Experiment 2: Mean suppression ratio for Wistar and DA strains to light or

30-s trace (white bars). Error bars represent two standard errors of the group mea
there was no significant difference, tb1 by stimulus modal-

ity. There were no other main effects or interactions,

Fmax(1,40)=2.32.
5. Discussion

At face value, these results suggest that reliable

demonstration of a difference between trace and contigu-

ously conditioned groups can depend on both modality of

stimulus and strain of rat in use. However, we should also

consider effects that may be confounded before reaching a
click target CS paired with footshock either contiguously (grey bars) or at a

n.
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firm conclusion with respect to how apparently strain-

specific effects were mediated.

5.1. Baseline differences in drinking (preconditioning)

In both experiments, the groups were evenly matched for

prospective trace and stimulus group allocations prior to

conditioning. However, there was a difference between

strains in Experiment 1 even before any conditioning had

taken place, in that the DAs had longer latencies to drink

than Wistars. This strain difference was reduced in Experi-

ment 2, most likely because of the increased amount of

handling and exposure to novel environments (in open field

and T maze) prior to experimental procedures in the second

experiment, although possible contribution of other differ-

ences between the two experiments cannot be ruled out. DA

rats have shown higher levels of emotionality than other

strains in tasks such as open field and plus maze [3,5]. Such

differences were reduced by (even quite minimal) handling

and restraint stress for injections [3]. Similarly, chronic

handling has effectively decreased anxiety in other rat

strains [27,28]. Thus, where DAs are appropriate for a

learning task (for example, where good visual ability is

necessary), present findings support the importance of

sufficient handling and/or exposure to novel stimuli to

reduce anxiety levels.

5.2. Baseline differences in conditioning to box context

Over and above the unconditioned differences in drink-

ing, there were differences in suppression to box context

after conditioning (at reshape). It might be predicted, in line

with other findings [19,20], that trace-conditioned rats

(without a good predictor of footshock) would condition

more to the experimental context than contiguously con-

ditioned rats (with a good predictor). This pattern was seen

in DA rats in Experiment 1 and Wistar rats in Experiment 2

(see Table 1). The different baseline levels of conditioning

between the two experiments might account for this

apparent discrepancy. In Experiment 1, the Wistars demon-

strated relatively little suppression and in Experiment 2, the

DAs showed less suppression than Wistars, so any differ-

ence between trace and contiguous groups may have been

obscured by a floor effect.

The A periods (at conditioning test) measure fear of the

box context that persists after exposure to box context at

reshape. As would be expected, latencies to drink were

generally reduced compared with those at reshape (cf.

Tables 1, 2 and 3). In Experiment 2, there were no

differences between experimental groups, but in Experiment

1 (at both background and target test), there was greater

suppression to box context for the DA contiguously

conditioned rats. This differential suppression to box

context was opposite to that seen at reshape (in that at

reshape, DA trace-conditioned rats took longer to lick than

their contiguously conditioned counterparts). This differ-
ence between the reshape and A-period latencies can only

reflect differential extinction but is difficult to explain. In

any event, the difference seen in the A period was modest

relative to that seen at reshaping, and for the purpose of

assessing, conditioning to experimental stimuli was taken

into account in suppression ratios.

Again, as with the unconditioned latency to drink

measure, the finding that the greater conditioning to box

context in DAs compared to Wistars at test (in the A

periods) in Experiment 1 was reduced in Experiment 2 may

be a result of the increased handling and exposure to novel

environments prior to conditioning in Experiment 2.

Heightened contextual conditioning in the DA strain is

consistent with their reported higher emotionality [3,5] as

conditioned freezing to context is an index of anxiety [29]

that may have been reduced by the extra handling.

Alternatively, the different baseline levels of suppression

between the two experiments may have interacted with the

strain difference in level of emotionality.

The level of conditioning to the box context varied

between experiments with generally more suppression in

Experiment 2 (see Tables 1, 2 and 3), particularly for the

Wistar strain. This increase in conditioning to context may

be accounted for by the reduction in the number of shock

pairings in Experiment 2, rendering the intertrial interval

less effective as a temporal cue.

In summary, for the most part, there was effective

extinction of conditioning to the experimental box over

the reshape session allowing unconfounded measurement of

conditioning to stimuli at the test presentations. Whether

conditioned or unconditioned, individual variation in drink-

ing was in any case accounted for by the suppression ratio.

5.3. Effects of strain or of replication?

Because rats of a single strain were tested together (in

each case, one strain per experimental run), effects attributed

to strain are in principle confounded with those that could

arise as replication effects. However, although experimental

parameters varied from experiment to experiment, they were

identical within an experiment. More importantly, the

modality-specific differences in conditioning that were

found between strains were clearly reproducible from one

experiment to the next. For the background stimulus,

suppression was affected by stimulus modality for the DA

but not the Wistar strain in both experiments. For the target

stimulus, the trace-conditioning effect was greatest for the

Wistars with light in both experiments (although the

Trace�Strain interaction was only statistically significant

in Experiment 2). The same pattern of stimulus modality

effects despite differences in experimental parameters shows

that such strain differences are robust.

Thus, although, in principle, the methodological differ-

ences between experiments could have contributed to the

baseline differences discussed above (e.g., in suppression to

box context measured as latency to drink at reshape), the
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main claim of this paper is that there are conditioning

differences between strains that depend on stimulus modal-

ity, and these are consistent across experiments. Any

argument about confounded methodological variation

between experiments only applies to the differences in the

prestimulus baseline measures, and these are anyway

controlled for within each experiment by the use of

suppression ratios (as explained above).

5.4. Conditioning to the target stimulus

The basic trace-conditioning effect (of relatively greater

conditioning in contiguously conditioned than in trace-

conditioned groups) depended on stimulus modality and

strain (see Figs. 1 and 3). Specifically, the target stimulus

that produced the greatest trace-conditioning effect for

Wistar strain was the light; and for DA strain, it was the

click. This effect was clearest (statistically) in Experiment 2,

and the pattern of effects was replicated in Experiment 1 (cf.

Figs. 1 and 3).

This difference by stimulus modality was consistent

across experiments despite differences in footshock param-

eters and level of handling. It could have arisen because of

different levels of suppression supported by these stimuli in

the two strains. However, it is not simply the case that more

salient stimuli are suitable for learning tasks where weakly

and strongly predictive stimuli are to be compared, as such

effects emerge only as a difference between groups. In the

present study, the trace-conditioning effect was clearest with

the stimulus that produced higher suppression (the click) in

DA rats and with the stimulus that produced least

suppression (light) in Wistars.

The effects of stimulus modality observed in these

experiments are consistent with other instances of differ-

ential performance in conditioning tasks. These have

previously been found to depend on the nature of the

stimulus, typically across but also within modalities [4,30]

as well as on strain [7] and the interaction between modality

and strain [13]. The basis of these differences may be

differences in pigmentation. Although direct comparisons of

albino and pigmented strains have shown little difference in

most learning tasks (e.g., appetitive classical and instru-

mental conditioning, taste aversion and spatial learning:

Refs. [12,31]), in tasks that may tap into the same

psychological processes as those here, there have been

differences between pigmented and albino rats. For exam-

ple, hooded Wistars have demonstrated greater LI (a

selective learning task) with auditory stimuli than albino

Wistars [31].

5.5. Conditioning to the background stimulus

For conditioning to the background stimulus, strain

differences in the effects of stimulus modality on learning

were the same in the two experiments. For the DA strain, the

click background produced greater suppression than the
light background (cf. Figs. 2 and 4), whereas for Wistars,

there was no difference by stimulus modality.

In the present study, the pattern of this stimulus modality

effect in DAs on conditioning to background differed by

behavioural condition between experiments, in that in

Experiment 1, the difference was mediated by an increase

in suppression to click background (compared with barely

any suppression in any other group), whereas in Experiment

2, it was mediated by reduced suppression to light compared

with the level in all other groups. The interpretation of this

difference is not clear-cut, as there were several methodo-

logical differences between the two experiments, but it may

be explained in terms of the difference in general levels of

conditioning to background between the two experiments.

Consistent with the hypothesis that five regularly spaced

conditioning trials provide temporal cues that might over-

shadow conditioning to background, when the number of

conditioning trials was reduced from 5 to 2, the level of

conditioning to the background was increased.

The lack of effect of stimulus modality in Wistar rats was

not simply due to a floor in conditioning to background (as

might be claimed for Experiment 1) because it also held true

at the higher level of conditioning to background observed

in Experiment 2. This effect of stimulus modality in DA but

not Wistar rats is consistent with findings in an LI study [13]

where effects of stimulus modality were also observed in

DA but not Wistar rats (although with conditioning to

discrete stimuli in LI).

5.6. Conclusions and implications

These results suggest that for a clear trace-conditioning

effect (i.e., difference between trace and contiguously

conditioned groups), a visual CS is more effective for

Wistar rats and an auditory CS for DA rats. Additionally, for

DA rats, a click stimulus was more effective in producing

relatively greater conditioning to background than a light

stimulus.

The differential effect of modality by strain might be

mediated directly or through differential overshadowing by

the competing background stimulus. Although overshadow-

ing seems a good account of the effect of stimulus modality

on conditioning in some experimental groups, it does not fit

with the pattern of conditioning between target and back-

ground observed in others.

Whatever the best explanation, these results show that

stimulus modality can be an issue when considering

apparent strain differences in conditioning.
Acknowledgements

This work was supported by grants from the MRC

(reference G9626839) and the Wellcome Trust (reference

055330). We thank Dr. Claire S. Shilliam for assistance with

data collection.



C. Norman, H.J. Cassaday / Physiology & Behavior 82 (2004) 611–619 619
References

[1] Andrews JS, Jansen JHM, Linders S, Princen A, Broekkamp CLE.

Performance of four different rat strains in the autoshaping, two-object

discrimination and swim maze tests of learning and memory. Physiol

Behav 1995;57:785–90.

[2] Van Der Staay FJ, Blokland A. Behavioral differences between

outbred Wistar, inbred Fischer 344, Brown Norway, and hybrid

Fischer 344�Brown Norway rats. Physiol Behav 1996;60:97–109.

[3] Mechan AO, Moran PM, Elliott JM, Young AMJ, Joseph MH, Green

AR. A comparison between Dark Agouti and Sprague–Dawley rats in

their behaviour on the elevated plus maze, open field apparatus and

activity meters, and their response to diazepam. Psychopharmacology

2002;159:188–95.

[4] Ruob C, Elsner J, Weiner I, Feldon J. Amphetamine-induced disruption

and haloperidol-induced potentiation of latent inhibition depend on the

nature of the stimulus. Behav Brain Res 1997;88:35–41.

[5] King SM. Escape related behaviours in an unstable, elevated and

exposed environment: a new behavioural model of extreme anxiety.

Behav Brain Res 1999;98:113–26.

[6] Faraday MM. Rat sex and strain differences in responses to stress.

Physiol Behav 2002;75:507–22.

[7] Conti LH, Palmer AA, Venella JJ, Printz MP. Latent inhibition and

conditioning in rat strains which show differential prepulse inhibition.

Behav Genet 2001;31:325–33.

[8] Ralph RJ, Paulus MP, Geyer MA. Strain-specific effects of amphet-

amine on prepulse inhibition and patterns of locomotor behavior in

mice. J Pharmacol Exp Ther 2001;298:148–55.

[9] Drolet G, Proulx K, Pearson D, Rochford J, Deschepper CF.

Comparisons of behavioural and neurochemical characteristics

between WKY, WKHA, and Wistar rat strains. Neuropsychopharma-

cology 2002;27:400–9.

[10] Prusky GT, Harker KT, Douglas RM, Whishaw IQ. Variation in visual

acuity within pigmented, and between pigmented and albino rat

strains. Behav Brain Res 2002;136:339–48.

[11] Aggleton JP. The ability of different strains of rats to acquire a visual

nonmatching-to-sample task. Psychobiology 1996;24:44–8.

[12] Harker KT, Whishaw IQ. Place and matching-to-place spatial learning

affected by rat inbreeding (Dark Agouti, Fischer 344) and albinism

(Wistar, Sprague–Dawley) but not domestication (wild rat vs. Long–

Evans, Fischer-Norway). Behav Brain Res 2002;134:467–77.

[13] Weiner I, Hairston I, Shayit M, Feldman G, Joel D, Feldon J. Strain

differences in latent inhibition. Psychobiology 1998;26:57–64.

[14] Gray JA, Feldon J, Rawlins JNP, Hemsley D, Smith AD. The

neuropsychology of schizophrenia. Behav Brain Sci 1991;14:1–84.

[15] Hemsley DR. Cognitive disturbance as the link between schizophrenic

symptoms and their biological basis. Neurol Psychiatry Brain

1994;2:163–70.
[16] Weiner I, Feldon J. The switching model of latent inhibition: an

update on neural substrates. Behav Brain Res 1997;88:11–25.

[17] Weiner I. The btwo headedQ latent inhibition model of schizophrenia:

modelling positive and negative symptoms and their treatment.

Psychopharmacology 2003;169:257–97.

[18] Weiner I. Neural substrates of latent inhibition. Psychol Bull

1990;108(3):442–61.

[19] Odling-Smee FJ. Background stimuli and the inter-stimulus interval

during Pavlovian conditioning. Q J Exp Psychol, B 1975;27:387–92.

[20] Marlin NA. Contextual associations between the context and the

conditioned stimulus. Anim Learn Behav 1981;9:519–23.

[21] Tanner J, Rawlins JNP, Mellanby JH. Manipulations of CS–US

probability and of the CS–US trace interval on conditioning to the CS

and to the background stimulus in the CER situation. Learn Motiv

1987;18:371–91.

[22] Cassaday HJ, Shilliam CS, Marsden CA. Serotonergic depletion

increases conditioned suppression to background stimuli in the rat.

J Psychopharmacol 2001;15:83–92.

[23] Norman C, Cassaday H. Amphetamine increases aversive condition-

ing to diffuse contextual stimuli and to a discrete trace stimulus when

conditioned at higher footshock intensity. J Psychopharmacol

2003;17(1):67–76.

[24] Pezze MA, Heidbreder CA, Feldon J, Murphy CA. Selective

responding of nucleus accumbens core and shell dopamine to

aversively conditioned contextual and discrete stimuli. Neuroscience

2001;108:91–102.

[25] Weiner I, Gal G, Rawlins JNP, Feldon J. Differential involvement of

the shell and core subterritories of the nucleus accumbens in latent

inhibition and amphetamine-induced activity. Behav Brain Res

1996;81:123–33.

[26] Garrud P, Rawlins JNP, Mackintosh NJ, Goodhall G, Cotton MM,

Feldon J. Successful overshadowing and blocking in hippocampec-

tomized rats. Behav Brain Res 1984;12:39–53.

[27] Brett RR, Pratt JA. Chronic handling modifies the anxiolytic effect

of diazepam in the elevated plus maze. Eur J Pharmacol 1990;178:

135–8.

[28] File SE, Andrews N, Wu PY, Zharkovsky A, Zangrossi Jr H.

Modification of chlordiazepoxide’s behavioural and neurochemical

effects by handling and plus-maze experience. Eur J Pharmacol

1992;218:9–14.

[29] Fanselow MS. Conditional and unconditional components of post-

shock freezing. Pavlovian J Biol Sci 1980;15:177–82.

[30] Weiner I, Bernasconi E, Broersen LM, Feldon J. Amphetamine-

induced disruption of latent inhibition depends on the nature of the

stimulus. Behav Pharmacol 1997;8:442–57.

[31] Boakes RA, Boot B, Clarke JV, Carver A. Comparing albino and

hooded Wistar rats of both sexes on a range of behavioural and

learning tasks. Psychobiology 2000;28:339–59.


	CER to discrete and contextual stimuli: effects of stimulus modality depend on strain of rat
	Introduction
	Methods
	Animals
	Apparatus

	Procedure
	Preconditioning
	Conditioning
	Reshaping
	Test
	Statistics

	Results
	Experiment 1
	Preconditioning
	Reshape
	Test to target stimulus
	Test to background stimulus

	Experiment 2
	Preconditioning
	Reshape
	Test to target stimulus
	Test to background stimulus


	Discussion
	Baseline differences in drinking (preconditioning)
	Baseline differences in conditioning to box context
	Effects of strain or of replication?
	Conditioning to the target stimulus
	Conditioning to the background stimulus
	Conclusions and implications

	Acknowledgements
	References


