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Prior experiments (Han, Gallagher, & Holland, 1995;
Honey & Good, 1993; Schmajuk, Lam, & Christiansen,
1994; Shohamy, Allen, & Gluck, 2000; Solomon & Moore,
1975), as well as computational models (Gluck & Myers,
1993; Schmajuk & DiCarlo, 1991), have implicated the hip-
pocampal region in mediating stimulus preexposure tasks.
A classic preexposure task is latent inhibition (LI), in which
preexposure to a conditioned stimulus (CS) alone retards
subsequent learning that the CS predicts an unconditioned
stimulus (US; Lubow, 1973). A related but less tested pre-
exposure effect is learned irrelevance (LIRR). LIRR is the
phenomenon in which uncorrelated presentations of the
CS and the US produce a retardation of conditioning to sub-
sequent CS–US pairings (Baker, 1976; Bennett, Maldo-
nado, & Mackintosh, 1995; Matzel, Schactman, & Miller,
1988).

LIRR, which embeds the CS preexposure characteriz-
ing LI, has been described as having an even stronger re-
tardation effect than LI. Typically, preexposure to both the
CS and the US, uncorrelated with each other, retards sub-
sequent CS–US learning more than does exposure to the
CS alone or the US alone (e.g., Bennett et al., 1995).

In a recent behavioral study from our laboratory (Allen
et al., 2002), LI and LIRR in eyeblink conditioning were
compared in both rabbits and humans. In rabbits, 450 un-
correlated preexposures to a tone and a corneal air puff re-

tarded acquisition of conditioned responses (CRs) (i.e.,
LIRR), whereas the same number of CS-alone preexpo-
sures failed to produce LI. In that experiment, it was nec-
essary to increase the number of CS-alone preexposures in
order to produce LI. On the basis of the number of preex-
posures used in the present experiment (i.e., 450), we are
confident that the preexposure effect we are testing is
LIRR that is due to uncorrelated preexposure to the CS
and the US, and not simply LI that is due to the preexpo-
sure of the CS alone.

There are several theoretical interpretations of the find-
ing that the retardation produced by LIRR is greater than
that produced by LI. The simplest explanation is that
LIRR simply reflects the sum of CS exposure and US ex-
posure effects (e.g., Baker, 1976) and generates a stronger
retardation than either CS-alone or US-alone preexposure.
However, there is some evidence suggesting that LIRR ex-
ceeds the sum of CS and US exposure effects alone (Matzel
et al., 1988). A second explanation is that the lack of cor-
relation between the CS and the US during preexposure
further hinders the formation of a CS–US association dur-
ing the subsequent training phase (e.g., Baker & Mackin-
tosh, 1979; Bennett et al., 1995; Matzel et al., 1988). A third
explanation is that LIRR is a special case of LI (Baker &
Mackintosh, 1979; Bonardi & Hall, 1996; Hall, 1991). In
the work presented here, we address the neural substrates of
LIRR, as well as the hypothesized psychological and neural
mechanisms involved in this form of preexposure effect.

Several theories and computational models have been
put forth to explain the psychological and neural mecha-
nisms that may underlie preexposure tasks such as LI and
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Prior experiments, as well as computational models, have implicated the hippocampal region in me-
diating the influence of nonreinforced stimulus preexposure on subsequent learning. Learned irrele-
vance (LIRR) is a preexposure task in which uncorrelated preexposures to the conditioned stimulus
(CS) and the unconditioned stimulus (US) produce a retardation of subsequent CS–US conditioning.
In the work presented here, we report the results of tests of LIRR in eyeblink conditioning in rabbits
with sham lesions, nonselective cortical-hippocampal region lesions, selective hippocampal lesions,
and selective entorhinal lesions. Sham-lesioned rabbits that had been preexposed to the CS and the US
exhibited slower acquisition of conditioned responses, as compared with context-preexposed controls.
Nonselective cortical-hippocampal region lesions disrupted LIRR, whereas selective hippocampal lesions
had no detrimental effect on LIRR. Selective entorhinal lesions disrupted LIRR. These findings fit other
recent empirical findings and theoretical predictions that some classical conditioning tasks previously
thought to depend on the hippocampus depend, rather, on the entorhinal cortex.
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LIRR (for a review, see Allen et al., 2002). These theories
include the conditioned attention theory (CAT; Lubow,
1989), compression of stimulus representations (Gluck &
Myers, 1993), novelty (Schmajuk, Gray, & Lam, 1996),
and the switching model (Weiner & Feldon, 1997). Further
discussion of these theories that account for both LI and
LIRR is found in the General Discussion section.

Several of these theories and models are based on the
theory that the hippocampal region is necessary for pre-
exposure effects on subsequent learning. Previous hip-
pocampal lesion studies of preexposure effects in eyeblink
conditioning have focused on LI, rather than on LIRR. As-
piration lesions of the hippocampal region disrupted LI in
eyeblink conditioning in both rabbits (Solomon & Moore,
1975) and rats (Schmajuk et al., 1994).

The disruption of LI by aspiration lesions of the hip-
pocampal region was attributed to the removal of the hip-
pocampus. However, although Solomon and Moore’s
(1975) LI study targeted the dorsal hippocampus, these le-
sions were nonselective and also damaged overlying cor-
tical structures, including areas of the cingulate, occipital,
parietal, prefrontal, and retrosplenial cortices. These as-
piration lesions may have also damaged hippocampal af-
ferents from the entorhinal cortex as well. This unintended
damage to surrounding cortical regions makes it difficult
to conclude that the effects of the hippocampal lesions on
LI in eyeblink conditioning reported by Solomon and
Moore were due exclusively to hippocampal damage.

Recently, significant improvements in the development
of neurotoxic lesion techniques have successfully ad-
dressed the issue of damaging the hippocampus without
damaging surrounding cortical regions. Jarrard and others
have systematically compared the results of lesions pro-
duced by different neurotoxins (see Jarrard, 1986, 1989,
1991). The results indicated that ibotenic acid produced
the most selective removal of the hippocampus (e.g., Jar-
rard & Meldrum, 1993). Experiments designed to com-
pare conventional lesion techniques (e.g., aspiration) and
more selective neurotoxic lesions have shown differences
in the subjects’ ability to acquire certain tasks (e.g., Jar-
rard, 1993; Jarrard & Davidson, 1990), suggesting that some
behavioral deficits may be dependent on neighboring
structures, but not on the hippocampus.

The ibotenic acid selective lesion method has been used
to test the effects of selective hippocampal lesions on LI
in rats. Honey and Good (1993) found that selective ibotenic
acid lesions of the hippocampus in the rat did not disrupt
LI for an appetitive task. However, these selective hip-
pocampal lesions did disrupt the context specificity of LI.
Han et al. (1995) reported that selective hippocampal le-
sions did disrupt LI. However, these lesions were made with
a mixture of ibotenic acid and NMDA and were tested
with a within-subjects version of appetitive conditioning,
rather than the standard between-subjects version that is
commonly used for LI (Honey & Good, 1993). Therefore,
there is some evidence that although hippocampal region
damage disrupts LI, selective hippocampal damage may
not have the same effect. Therefore, there is some contro-

versy over the role of the hippocampus in LI, at least in
these appetitive tasks based on selective lesion techniques.

Recently, we applied the ibotenic acid selective lesion
technique (Jarrard, 1989) to rabbits (Shohamy et al.,
2000)—specifically, to the dorsal hippocampus and the
entorhinal cortex. Selective hippocampal lesions that were
comparable to the nonselective hippocampal region le-
sions of Solomon and Moore (1975) did not disrupt LI in
rabbit eyeblink conditioning (Shohamy et al., 2000). How-
ever, selective entorhinal lesions disrupted LI in rabbit eye-
blink conditioning (Shohamy et al., 2000). Therefore, it ap-
pears that for the case of LI, the entorhinal cortex, but not
the hippocampus, is necessary.

In the work presented here, we continued this line of re-
search with a related preexposure task, LIRR. Our hy-
potheses for LIRR were based on our previous selective
lesion experiments involving LI in rabbit eyeblink condi-
tioning (Shohamy et al., 2000), as well as on predictions
from computational modeling (Gluck & Myers, 1993;
Myers, Gluck, & Granger, 1995). We hypothesized, on the
basis of a previous nonselective hippocampal region le-
sion study of LI by Solomon and Moore (1975), that non-
selective cortical-hippocampal region lesions should dis-
rupt LIRR. However, on the basis of the results of prior
studies of LI (Honey & Good, 1993; Shohamy et al.,
2000), we hypothesized that selective hippocampal le-
sions should have no effect on LIRR. We also hypothe-
sized, on the basis of Shohamy et al.’s findings, that se-
lective entorhinal lesions should disrupt LIRR. In the work
presented here, we will discuss the results of tests of the
effects of various lesions within the hippocampal region
on LIRR.

METHOD

Subjects
Forty-four male New Zealand albino rabbits (Oryctolagus cunicu-

lus), weighing over 2.0 kg, were used in this experiment. The rabbits
were equally distributed into either an LIRR preexposure or a con-
text preexposure condition. They were also divided into one of the
four surgery groups: sham-lesioned controls (n 5 12), nonselective
cortical-hippocampal region lesions (n 5 8), selective hippocampal
lesions (n 5 12), and selective entorhinal lesions (n 5 12).

The rabbits were purchased from Covance Laboratories (Princeton,
NJ). The rabbits were housed in individual cages in the AAALAC-
accredited Rutgers University Animal Facility, Newark, NJ. They
were given free access to food and water and were maintained on a
12:12-h light:dark cycle, with light on at 7:00 a.m. All the proce-
dures with the rabbits occurred during the light cycle. 

Surgery
All the rabbits were allowed a week of recovery following deliv-

ery to the Rutgers Animal Facility before undergoing aseptic lesion
surgery. Each rabbit was weighed, and a baseline respiration rate was
taken. It was then given a subcutaneous injection of xylazine (Lloyd
Laboratories, Shenandoah, IA; 6.0 mg/kg of body weight). Fifteen
minutes later it was given an intramuscular (IM) injection of keta-
mine (Fort Dodge, Fort Dodge, IA; 60 mg/kg of body weight). Fifteen
minutes later they were given a 1-cc (IM) injection of a ketamine/
xylazine mixture (2:1). This injection was repeated hourly until the
end of the surgical procedure. The rabbit’s head was shaved and
scrubbed with a betadyne scrub, followed by isopropyl alcohol and
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betadyne prep solution. The rabbit’s respiration rate was monitored
at 15-min intervals for the time of the surgical procedures.

The rabbit was placed in a standard stereotaxic head-holder (David
Kopf Instruments, Tujunga, CA). An incision was made along the
midline of the skull. The skin and muscle were deflected to expose
the skull and the bregma and lambda landmarks. Two small holes
were drilled in the skull above the hippocampal region to the level
of the dura. Two additional small holes were drilled for screws to an-
chor a dental acrylic headstage. The head was leveled so that lambda
was 1.5 mm higher than bregma.

Selective hippocampal lesion surgery . The rabbits in the se-
lective lesion group received injections of ibotenic acid. Twenty-four
bilateral injections of ibotenic acid (10 mg/mL, Sigma, St. Louis)
were made into the dorsal hippocampus, using a 1.0-mL Hamilton
syringe. The stereotaxic coordinates and injection sizes for the dor-
sal hippocampal ibotenic acid injections are shown in Table 1. For
each injection, the needle was lowered to the injection site, and 1 min
was allowed to elapse before injection began. The injection took
place over a 2-min period. Following the injection, 2 min were al-
lowed to elapse before the needle was moved to the next injection
site. This procedure was repeated for all the injection sites.

Sham lesion surgery . For the rabbits in the sham-operated con-
trol group, the surgical procedures were the same as those described
for the selective hippocampal lesion group, with the exception that
only injections of the vehicle saline solution were made.

Selective entorhinal lesion surgery . For the rabbits in the se-
lective entorhinal lesion group, surgical procedures were the same as
those described for the selective hippocampal lesion group, with the
exception of the targeting of the ibotenic acid injections to the en-
torhinal cortex. The stereotaxic coordinates for the 12 bilateral in-
jection sites in the entorhinal cortex are shown in Table 1.

Nonselective cortical-hipp ocampal lesion surgery . For the
rabbits in the nonselective cortical-hippocampal region lesion group,
the surgical procedures for the surgery were identical to those for
the selective hippocampal surgery, with the exception of the method
of hippocampal lesion. The exposed dura was removed to expose the
cortex that overlies the hippocampus. The overlying cortex (i.e., the
retrosplenial cortex, the frontal cortex, and the parietal cortex) was
then aspirated to expose the hippocampus. The dorsal hippocampus
was then aspirated to expose the underlying ventricle and midbrain.
Gelfoam was placed into the lesion areas to stop bleeding, and bone
wax was used to cover the areas of skull removal.

Following the lesion procedures, the holes in the skull were sealed
with bone wax. The screws were mounted in the skull, and the exposed
skull was covered with dental acrylic. A bolt was attached to the
acrylic for the mounting of the eyeblink detector assembly during

conditioning. The rabbits were allowed a week for recovery from the
surgery prior to the initiation of behavioral conditioning.

Materials
Each rabbit was restrained in a Plexiglas restraint box in an indi-

vidual conditioning chamber for eyeblink conditioning. Each cham-
ber contained a speaker, an air hose assembly, and an eyeblink de-
tection system. Presentations of the stimuli and recording of behavioral
responses were controlled by a personal computer. The computer
housed an interface board (Keithley Metrabyte, Taunton, MA),
which triggered a set of relays that controlled the presentation of the
tone CS and the air puff US (Chen & Steinmetz, 1998).

Eyeblinks were monitored with an opto-electronic sensor that
consisted of a light-emitting diode (LED) and a phototransistor (for
technical details, see Thompson, Moyer, Akase, & Disterhoft, 1994).
The LED emitted a beam of infrared light that was reflected off the
cornea, and the reflectance of this beam was converted to a DC volt-
age by the phototransistor. The eyeblink signal was filtered (between
0.1 Hz and 1 kHz) and amplified (1003) by a differential AC am-
plifier (A-M Systems, Everett, WA).

When the rabbit closed its eye, the reflectance of the infrared
beam changed and was recorded as an eyeblink. Any movement
greater than 0.5 mm recorded during the pre-CS period caused the
training trial to be discarded from analysis. A CR was scored if a
movement of greater than 0.5 mm was recorded during the CS pe-
riod (i.e., the time between CS and US onsets). An unconditioned re-
sponse was scored if a movement of greater than 0.5 mm was recorded
following the onset of the US. Each trial’s behavioral record was dis-
played on the computer screen. The computer stored and analyzed
the behavioral data and delivered a printed data summary for each
50-trial block.

Stimuli
The CS was a 450-msec, 90-dB, 1000-Hz tone delivered from a

speaker located in front of the rabbit’s face. The US was a 50-msec,
3-psi corneal air puff delivered via a rubber hose attached to the eye-
blink detector assembly and aimed at the rabbit’s cornea.

Design and Procedure
Adaptation . Prior to preexposure and training, all the rabbits

were adapted to the conditioning chamber and restraint box for two
daily sessions. On the 1st day of adaptation, the rabbit was placed in
the restraint box in the conditioning chamber for a half hour. On the
2nd day of adaptation, the rabbit was placed in the restraint box in
the conditioning chamber, with the eyeblink detector aimed at its
cornea for 45 min.

Preexposure phase. In the LIRR preexposure condition, the rab-
bits were preexposed to pseudorandom presentations of the tone CS
and the air puff US. The preexposure trials were 20 sec in length,
with a 1-sec intertrial interval (ITI). The tone and air puff were
pseudorandomly separated by 5 or 10 sec in either a forward or a
backward fashion (i.e., on half the trials the tone preceded the air
puff, and on half it followed the air puff). In this way, the tone had
an equal probability of occurring either prior to or after the air puff,
but never in close temporal proximity. This interval of temporal sep-
aration of the tone and the air puff was outside the temporal limit for
rabbit eyeblink conditioning (Gormezano, Kehoe, & Marshall,
1983), so no association would be formed between the tone and the
air puff. This pattern of stimulus presentations was used so that there
would be no learning of a causal relationship between the tone and
the air puff during the preexposure phase.

The LIRR-preexposed rabbits received 100 daily trials of the ran-
dom CS and US for four and a half daily sessions, for a total of 450
preexposures. On the 5th day of LIRR preexposure, they received 50
LIRR preexposure trials, followed immediately by 50 acquisition tri-
als of tone–air-puff training. These training parameters were based
on the LI study of Solomon and Moore (1975).

Table 1
Stereotaxic Coordinates for Selective Dorsal Hippocampal

and Selective Entorhinal Lesions

Coordinates (mm)

Lesion Site A–P M–L D–V

Dorsal hippocampus 24.0 63.0 25.2, 23.2*
65.0 25.2*, 23.2

25.0 64.0 25.2, 23.2*
67.5 25.7*, 23.5

26.0 64.5 25.5, 23.8*
68.0 26.5*, 24.2

Entorhinal cortex 25.0 65.5 219.0, 220.0
66.2 219.0, 220.0
67.5 219.0*, 220.0*

Note—Bregma is used as the zero point for the A–P and M–L coordi-
nates, whereas the D–V measures are taken from dura. Bregma is
1.5 mm ventral to lambda. The volume of injection for the hippocampal
lesion is .15 or .10 (*) mL at each site, whereas the volume of injection
for the entorhinal lesion is .20 or .10 (*) mL at each site.
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In the context preexposure condition, the rabbits received the
same number of preexposure trials as the LIRR-preexposed group.
However, these were blank trials in which no stimuli were presented.
In this fashion, the context-preexposed group received the same
amount of preexposure to the conditioning context as the LIRR-
preexposed group, but with no learning about the stimuli.

Acquisition phase. Starting with the second half of the 5th day
of preexposure, the tone and the air puff were paired in a standard
delay paradigm. All the rabbits received forward-paired presentations
of a 450-msec, 1000-Hz, 95-dB tone, which coterminated with a 50-
msec, 3-psi corneal air puff. The interstimulus interval was 400 msec.
The ITI was a pseudorandom number that was between 25 and
35 sec. The rabbits received a total of 450 paired trials over four and
a half daily training sessions. Training criterion was defined as eight
CRs out of nine consecutive trials.

Histology . Following completion of conditioning, all the rabbits
were overdosed by an intravenous injection of pentobarbital (Henry
Schein, Port Washington, NY; 324 mg/kg) into the marginal ear
vein. All the rabbits were then perfused via the ascending aorta with
1 L of a 0.9% saline solution followed by 1 L of a 10% formalin so-
lution. The brain was then removed and preserved in a 30%-
sucrose/10%-formalin solution for a week. Serial coronal 80-micron
sections through the hippocampal region were taken, mounted on
slides, and stained with cresyl violet.

Data analysis. Repeated measures analyses of variance of the be-
havioral data were done for each 50-trial block. Pairwise compar-
isons were planned for the LIRR preexposure condition and the context-
preexposed condition for each of the four lesion groups (i.e., sham,
nonselective cortical-hippoca mpal region, selective hippocampal, and
selective entorhinal lesions). In addition, LIRR-preexposed rabbits
in each of the lesion conditions were also compared with LIRR-
preexposed rabbits in the sham-lesioned condition to test for lesion
effects on the LIRR preexposure effect.

The histological results were analyzed for the size and location of
the hippocampal lesions, which were assessed by viewing the slice
under a microscope and drawing the lesions, based on neuronal loss,
onto a template of a corresponding sham-lesioned hippocampus.
The location and extent of our selective dorsal hippocampal lesions
were analyzed by comparing the area of the lesion to the area of the cor-
responding sham-lesioned (i.e., nondamaged) hippocampal sections.

RESULTS

Sham-Lesioned Controls
All the sham-lesioned rabbits met the training criterion

of eight CRs out of nine consecutive trials. All the sham-
lesioned rabbits exhibited more CRs as training pro-
gressed across session [F(8,80) 5 57.2, p , .001]. The
learning curves for the sham-operated rabbits are shown
in Figure 1.

The sham-lesioned rabbits in the LIRR-preexposed
condition exhibited significantly fewer CRs than did those
in the context-preexposed condition [F(1,10) 5 11.163,
p , .01]. The sham-lesioned rabbits in the LIRR-preexposed
condition were also slower to acquire CRs, as compared
with those in the context-preexposed condition, as was in-
dicated by a significant group 3 session interaction
[F(8,80) 5 4.375, p , .001].

Nonselective Cortical-Hippocampal
Lesion Groups

Histology. Figure 2A shows minimal (gray) and max-
imal (black) cortical-hippocampal region lesions. These le-
sions removed the dorsal hippocampus and the overlying
cortex (i.e., portions of the retrosplenial cortex, the frontal
cortex, and the parietal cortex). Our nonselective cortical-
hippocampal lesions were comparable and even exceeded
the size and extent of the nonselective hippocampal aspi-
ration lesions from Solomon and Moore’s (1975) LI ex-
periment, as shown in Figure 2C.

Conditioning. All the nonselective cortical-hippocampal
lesioned rabbits met the training criterion of eight CRs out
of nine consecutive trials. All the nonselective cortical-
hippocampal lesioned rabbits exhibited more CRs as
training progressed across sessions [F(8,48) 5 2.78, p ,
.05]. The learning curves for the nonselective cortical-
hippocampal region lesion groups are shown in Figure 3.

Unlike in the sham-lesioned controls, the cortical-
hippocampal region lesioned rabbits exhibited no signifi-
cant differences in CRs between the LIRR-preexposed and
the context-preexposed conditions [F(1,6) 5 0.428, p . .5].
There was no significant group 3 session interaction
[F(8,48) 5 1.057, p . .4]. A nonsignificant trend was still
present, so that the cortical-hippocampal region lesioned
rabbits in the LIRR-preexposed condition tended to exhibit
fewer CRs than did those in the context-preexposed condi-
tion. The nonselective cortical-hippocampal region lesioned
rabbits in the LIRR-preexposed condition exhibited sig-
nificantly more CRs than did the sham-lesioned rabbits in
the LIRR-preexposed condition [F(1,16) 5 10.97, p , .01].
There were no significant interactions between group, le-
sion, and session for the sham-lesioned and cortical hip-
pocampal lesion groups ( p . .05). Thus, nonselective
cortical-hippocampal region lesions disrupted LIRR.

Selective Hippocampal Lesion Groups
Histology. Figure 2B shows the minimal and maximal

selective hippocampal lesions obtained. These maximal
lesions (shown in black) included the CA1–CA3 cell
fields and the dentate gyrus of the dorsal hippocampus.

Figure 1. Behavioral results from the sham-operated control
groups. The learning curves (graphed as percentage of condi-
tioned responses [CRs]) are shown for the context-preexposed
group (open circles) and the learned irrelevance (LIRR) pre-
exposed group (closed circles). Sham-lesioned rabbits in the
LIRR-preexposed condition were significantly retarded in ac-
quiring CRs, as compared with those in the context-preexposed
group. This is a demonstration of LIRR.
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Minimal lesions (shown in gray) were isolated to the CA1
and CA3 cell fields, with some minimal damage to the
dentate gyrus of the dorsal hippocampus. Maximal lesions
removed all the cell fields in the dorsal hippocampus.

As was previously discussed, the hippocampal lesions
in the LI study of Solomon and Moore (1975) were non-
selective aspiration lesions that targeted the dorsal hip-
pocampus. We compared the location and extent of the
minimal (gray area) and maximal (black area) lesions for

our selective hippocampal lesions (Figure 2B) with the
histology presented by Solomon and Moore for their hip-
pocampal lesion LI study (Figure 2C). As can be observed,
the location and extent of our selective lesions matched
those of Solomon and Moore. In both cases, the majority
of damage was to the dorsal hippocampus, with some
damage to the more caudal and ventral portions of the hip-
pocampus, but with no damage to the ventral hippocam-
pus in the rostral portion. A photomicrograph of a repre-

Figure 2. Comparisons of nonselective cortical hippocampal and selective hippocampal lesions with the re-
ported histology of Solomon and Moore (1975). The size and extent of both our nonselective cortical hip-
pocampal region and our selective hippocampal lesions are comparable to those of Solomon and Moore in
panel C. The brain schematics are adapted from Urban and Richard (1972). (A) Histology of the nonse-
lective cortical-hippocampal region lesions, with the minimal (gray) and maximal (black) lesion sizes for
the cortical-hippocampal ablation lesions. The top section is the most rostral. Each subsequent section is
1 mm caudal to the previous section. This f igure is adapted from the stereotaxic atlas of Urban and
Richard. (B) Histology of the selective ibotenic acid hippocampal lesions, with the minimal (gray) and max-
imal (black) lesion sizes for the selective hippocampal lesions. The top section is the most anterior. Each
subsequent section is 1 mm posterior to the previous section. (C) The histology of nonselective hippocam-
pal region lesions from Solomon and Moore’s study of latent inhibition.
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sentative sham-lesioned control hippocampus and a selec-
tive ibotenic acid hippocampal lesion is shown in Figure 4.

Conditioning. All the selective hippocampal-lesioned
rabbits met the training criterion of eight CRs out of nine
consecutive trials. All the selective hippocampal-lesioned
rabbits exhibited more CRs as training progressed across
sessions [F(8,80) 5 42.0, p , .001]. The learning curves
for the selective hippocampal lesion groups are shown in
Figure 5.

Unlike the cortical-hippocampal ablation group, the se-
lective hippocampal-lesioned rabbits exhibited LIRR. The

selective hippocampal-lesioned rabbits in the LIRR-
preexposed condition exhibited significantly fewer CRs than
did those in the context-preexposed condition [F(1,10) 5
5.57, p , .05]. Overall, the selective hippocampal-
lesioned rabbits in the LIRR-preexposed condition were
slower to acquire CRs, as compared with those in the 
context-preexposed condition, as was indicated by a signif-
icant session 3 group interaction [F(8,80)5 3.017, p , .01].

Unlike our results following the nonselective cortical-
hippocampal region lesions, the selective hippocampal-
lesioned rabbits in the LIRR-preexposed condition did not
exhibit any significant differences in CRs, as compared
with sham-lesioned rabbits in the LIRR-preexposed con-
dition [F(1,20) 5 0.945, p . .34]. There was a significant
interaction of group and lesion [F(1,20) 5 28.196, p ,
.02], as well as a significant interaction of session and
group [F(8,160) 5 6.107, p , .001]. There was no other
significant interaction ( p . .05). Thus, selective hip-
pocampal lesions did not disrupt LIRR.

Selective Entorhinal Lesioned Groups
Histology. Figure 6 shows the minimal and maximal

selective ibotenic acid entorhinal lesions obtained. Maxi-
mal lesions (shown in black) damaged the majority of the
entorhinal cortex. Minimal lesions (shown in gray) were
isolated to the medial half of the entorhinal cortex. A photo-
micrograph of a representative selective ibotenic acid en-
torhinal lesion is shown in Figure 7.

Conditioning. All the selective entorhinal-lesioned
rabbits met the training criterion of eight CRs out of nine
consecutive trials. All the selective entorhinal-lesioned
rabbits exhibited more CRs as training progressed across
sessions [F(8,80) 5 35.862, p , .001]. The learning
curves for the selective entorhinal lesion groups are shown
in Figure 8.

The results for the selective entorhinal-lesioned rabbits
were similar to those obtained with the cortical-hippocampal

Figure 3. Behavioral results for the cortical-hippocampal abla-
tion lesion groups. The learning curves (graphed as percentage of
conditioned responses [CRs]) are shown for the context-preexposed
group (open circles) and the learned irrelevance (LIRR) preex-
posed group (closed circles). Nonselective cortical-hippocampal-
region–lesioned rabbits exhibited no significant differences in
conditioned responding between the LIRR-preexposed condition
and the context-preexposed condition. Thus, LIRR was disrupted
following nonselective cortical-hippocampal lesions.

Figure 4. Photomicrographs of selective ibotenic acid hippocampal lesions. (A) A photomicrograph (magnifi-
cation 403) of a representative sham-lesioned dorsal hippocampus. (B) A photomicrograph (magnification 403)
of a representative selective hippocampal lesion. Note the complete loss of the cell f ields for the dorsal hip-
pocampus, as compared with the thick, darkly stained cell field in the sham-lesioned hippocampus in Figure 4A.
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ablation lesions. Selective entorhinal-lesioned rabbits ex-
hibited no significant differences in conditioned responding
between the LIRR-preexposed and the context-preexposed
conditions [F(1,10) 5 1.25, p . .28]. There was a signif-
icant session 3 group interaction [F(8,80) 5 3.219, p ,
.005].

There was a lesion effect such that the selective 
entorhinal-lesioned rabbits in the LIRR-preexposed con-
dition exhibited more CRs than did the sham-lesioned rab-
bits in the LIRR-preexposed condition [F(1,20) 5 8.162,
p , .05]. There was no significant lesion 3 group inter-
action ( p . .09). There was a significant session 3 le-
sion interaction [F(8,160) 5 5.20, p , .001]. There was
also a significant session 3 group 3 lesion interaction
[F(8,160) 5 3.42, p , .01]. Thus, selective entorhinal le-
sions disrupted LIRR.

DISCUSSION

Overall, uncorrelated preexposures to the tone CS and
the air puff US in sham-lesioned rabbits retarded acquisi-
tion of CRs, as compared with context-preexposed rab-
bits. This was a demonstration of the LIRR preexposure
effect. The same number of CS-alone preexposures failed
to produce LI in a previous study (Allen et al., 2002). All
the sham-lesioned rabbits were able to reach asymptotic
responding within 450 conditioning trials. Therefore,
LIRR preexposure did not block the acquisition of CRs
but only retarded its development.

Since we were successful in demonstrating LIRR in
rabbit eyeblink conditioning, using sham-lesioned rabbits,
our next step was to compare the effects of nonselective

and selective hippocampal lesions on LIRR. Nonselective
cortical-hippocampal region lesions that included the
overlying cortex disrupted LIRR, whereas comparable se-
lective hippocampal lesions had no effect on LIRR. These
results were consistent with previous findings demon-
strating that nonselective cortical-hippocampal region le-
sions impaired LI in eyeblink conditioning in rabbits
(Solomon & Moore, 1975) and in rats (Kaye & Pearce,
1987; Schmajuk et al., 1994). The finding that selective
hippocampal lesions did not disrupt LI was also consistent
with prior studies in rats (Honey & Good, 1993) and in
rabbit eyeblink conditioning (Shohamy et al., 2000).

Although our nonselective and selective hippocampal
lesions were not complete (i.e., they both spared areas of
the ventral hippocampus), our nonselective hippocampal

Figure 5. Behavioral results for the selective ibotenic acid hip-
pocampal lesion groups. The learning curves (graphed as percent-
age of conditioned responses [CRs]) are shown for the context-
preexposed group (open circles) and the learned irrelevance
(LIRR) preexposed group (closed circles). Selective hippocampal-
lesioned rabbits in the LIRR-preexposed condition were signifi-
cantly retarded in CRs, as compared with those in the context-
preexposed condition. Thus, LIRR was intact following a selective
hippocampal lesion.

Figure 6. Histology for the selective ibotenic acid entorhinal le-
sions, with the minimal (gray) and maximal (black) selective en-
torhinal cortical lesions. The lesions were bilateral, but for sim-
plicity this figure shows only the minimal and the maximal
lesions mapped onto a unilateral view. The brain schematics are
adapted from Urban and Richard (1972).
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lesions were comparable in size, location, extent, and ef-
fectiveness in disrupting a preexposure task to the nonse-
lective aspiration lesions of Solomon and Moore’s (1975)
LI study. In addition, our lesions resulted in the differen-
tial finding that a nonselective dorsal hippocampal region
lesion disrupts LIRR, whereas a selective dorsal hippocam-
pal lesion does not disrupt LIRR. Therefore, our overall
finding from these two types of lesions to the dorsal hip-
pocampal is the differential effect of nonselective and se-
lective hippocampal lesions on LIRR.

The finding that the hippocampus proper is not neces-
sary for the LIRR effect raised the question of what non-
hippocampal structure within the hippocampal region
may be responsible for the nonselective hippocampal le-
sion effect. The possible candidate that we tested was the
entorhinal cortex. Among selective entorhinal-lesioned
rabbits, LIRR-preexposed rabbits were not significantly
different from context-preexposed controls. This finding,
along with the selective hippocampal lesion results re-
ported here, demonstrates that it is possible to differenti-
ate between selective hippocampal and selective entorhi-
nal lesion effects, at least for a preexposure task such as
LIRR.

Figure 9 shows our results replotted to compare the four
lesion groups (sham, nonselective cortical hippocampal,
selective hippocampal, and selective entorhinal) for the
LIRR preexposure condition. Overall, it is apparent that
LIRR preexposure resulted in a retardation of acquisition
in sham-lesioned and selective hippocampal-lesioned rab-
bits, but not in nonselective cortical-hippocampal region
lesioned or selective entorhinal-lesioned rabbits.

GENERAL DISCUSSION

Our overall findings from this experiment demonstrate
that whereas the hippocampus proper is not necessary for
LIRR to occur, the entorhinal cortex is essential. These
findings fit with prior results obtained from similar lesion

experiments in our laboratory, done with LI (Shohamy
et al., 2000). Together, these two studies provide evidence
for an entorhinal cortical role in preexposure effects such
as LI and LIRR that is distinct from the role of the hip-
pocampus.

Lesions of the entorhinal cortex and the perirhinal and
parahippocampal cortices have been found to affect other
learning paradigms previously considered “hippocampal”
tasks. These tasks include working memory tasks, such as
delayed nonmatching-to-sample (Suzuki, Zola-Morgan,
Squire, & Amaral, 1993), spatial tasks, such as the Mor-

Figure 7. Photomicrograph of selective ibotenic acid entorhinal lesions. A
photomicrograph (magnification 403) of a representative selective entorhinal
lesion is shown. The area of the lesion of the entorhinal cortex is marked by the
dashed lines.

Figure 8. Behavioral results for the selective ibotenic acid en-
torhinal cortical lesion groups. The learning curves (graphed as
percentage of conditioned responses [CRs]) are shown for the
context-preexposed group (open circles) and the learned irrele-
vance (LIRR) preexposed group (closed circles). Selective 
entorhinal-lesioned rabbits in the LIRR-preexposed condition
were not significantly retarded in acquiring CRs, as compared
with selective entorhinal-lesioned rabbits in the context-preexposed
condition. That is, LIRR preexposure was disrupted following a
selective entorhinal cortical lesion.
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ris water maze (Glasier, Janis, Roof, & Stein, 1999) and
the radial arm maze (Cho & Kesner, 1996; Glasier, Janis,
& Stein, 1997; Otto, Wolf, & Walsh, 1997), and working
memory discrimination tasks (Yee & Rawlins, 1998).

One study of particular interest to our work on rabbit
eyeblink conditioning is a test of the effects of cytotoxic
entorhinal lesions in rats on a working memory discrimi-
nation task involving complex three-dimensional objects
(Yee & Rawlins, 1998). Entorhinal lesions impaired per-
formance on tasks in which the correct response required
that a response be made to an object that had recently been
nonrewarded. In addition, entorhinal lesions were found to
enhance reversal learning following a simple discrimina-
tion task. This finding is of interest to us because of the
hippocampal lesion effects seen in reversal of a discrimi-
nation task in rabbit eyeblink conditioning. Berger and
Orr (1983) found that nonselective electrolytic lesions of
the hippocampal region did not affect a simple two-tone
discrimination but did impair reversal. Specifically, there
was an overresponding to the previous CS1 tone. In other
words, the rabbit could not learn to inhibit responding to
a previously reinforced cue. The finding of Yee and Rawl-
ins is interesting in that they found that entorhinal lesions
actually enhanced reversal learning. One interpretation of
this finding is that whereas a hippocampal lesion impairs
reversal, an entorhinal lesion enhances it. This finding
should be investigated further in eyeblink conditioning ex-
periments.

Yee and Rawlins (1998) also found that cytotoxic en-
torhinal lesions impaired performance on trials in which a
correct response must be made to an object that had pre-

viously been unrewarded. This finding is very similar in
nature to preexposure tasks such as LIRR or LI. In preex-
posure tasks, acquisition is normally slower to stimuli that
have previously been exposed without reinforcement. In
our results, however, a selective entorhinal lesion dis-
rupted this effect, and the rabbits learned as if they had not
been preexposed. Yee and Rawlins found that rats were im-
paired at properly responding on this type of task. The dif-
ference in the effects of an entorhinal lesion on these tasks
may be due to differences in the requirements of the tasks;
however, in both cases, entorhinal lesions affected tasks
involving responding to previously irrelevant stimuli.

The Role of Context in Preexposure Effects
An issue that was not addressed by the work presented

here but would be of interest for future experiments is the
effect of context on preexposure effects. Prior work by
Honey and Good (1993) indicated that selective hip-
pocampal lesions disrupt the contextual specificity of LI,
but not LI itself. Holt and Maren (1999) found that mus-
cimol inactivation of the dorsal hippocampus affects only
the context specificity of LI, but not the expression of LI.
Therefore, it appears that the hippocampus is necessary
for the contextual specificity of LI, but not for the acqui-
sition and expression of LI. It is unclear whether LIRR is
also contextually specific. If it is the case that LIRR is
context specific, it is probable that selective hippocampal
lesions would disrupt this.

Another issue involving context and preexposure ef-
fects comes from a recent report (Rogers, Katz, Gorin, &
Steinmetz, 2001) that suggested that LI may involve both a

Figure 9. Summary of the effects of learned irrelevance (LIRR) preexposure for the four lesion groups
tested. LIRR preexposure resulted in a retardation of acquisition for sham-lesioned and selective 
hippocampal-lesioned rabbits, but not for nonselective cortical-hippocampal-region–lesioned or selective
entorhinal-lesioned rabbits. Overall, these results indicate that the hippocampal region and, more specifi-
cally, the entorhinal cortex, but not the hippocampus itself, are necessary for the LIRR.
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retardation effect owing to CS preexposure and a facilitation
effect owing to contextual preexposure in the control group.

Future work should test the contextual specificity of
LIRR. It may be that LIRR would not be contextually spe-
cific. Since both the CS and the US are preexposed, learn-
ing of the uncorrelated relationship between these stimuli
may be more generalizable to other contextual situations
than would the learning about the CS alone during LI.

Hypothesized Mechanisms
for Preexposure Effects

Several theories and computational models have been
put forth to explain the mechanisms that underlie preex-
posure tasks such as LI. Using these theories, we are able to
interpret and predict an LIRR effect that follows from LI.

CAT, put forth by Lubow (1989), states that nonrein-
forced exposures to a stimulus retards subsequent acqui-
sition of CRs to that stimulus, owing to the animal’s learn-
ing not to attend to the unreinforced CS. CAT also can
account for LIRR. Lubow (1989) stated that CAT would
predict a more profound retardation effect from a non-
contingent preexposure of the CS and US, as compared
with that observed following CS-alone (LI) preexposures.

Lubow (1989) also put forth an explanation of greater
retardation that was based on the salience of the preex-
posed cues. Schnur and Lubow (1976) found that more re-
tardation was found with stronger CSs than with weaker
CSs. Lubow (1989) predicted that the presentation of the
more intense and aversive US during unreinforced preex-
posure with the CS (as would be the case for LIRR) would
also result in a greater retardation than that for LI follow-
ing CS-alone presentations.

Gluck and Myers (1993) put forth a computational model
that proposes a neural mechanism for LI that can account
for LIRR, as well as for LI. Their original model simu-
lated only LI but, more recently, Gluck and Myers (2001)
repeated these simulations for LIRR. Gluck and Myers’s
(1993) model proposes that the hippocampal region forms
stimulus representations during learning. One mechanism
that is used in forming stimulus representations is redun-
dancy compression, in which a single representation for
two stimuli is formed when the two stimuli either co-occur
or predict the same behavioral outcome.

In the case of LI preexposure, the CS and the context
co-occur with no behavioral outcome. Therefore, the CS and
the context are compressed into a single representation.
Later in training, when the CS must be differentiated from
the context as the predictor for the US, this compression
must be uncompressed. Therefore, animals that have un-
dergone CS preexposure are slower to learn that the CS
predicts the US than are context preexposed controls.

In the case of LIRR, the CS and the US both co-occur
with the context, but not in temporal proximity to each
other. Therefore, during LIRR preexposure, the CS and the
context are compressed, and the US and the context are
compressed, but the CS and the US are not compressed
together. If the CS and the US were compressed during

LIRR preexposure, one would expect LIRR preexposure
to result in a facilitation of CS–US learning, since the as-
sociation was formed prior to training. Therefore, to over-
come the effects of LIRR preexposure, both the CS and
the US must be uncompressed from the context in order to
form the CS–US association. It is interesting to note, in
the simulations of LIRR and LI from Gluck and Myers’s
(1993) model, that LIRR preexposure produces a larger
retardation effect than does LI, because learning follow-
ing preexposures to the CS and the US requires more de-
compression than does preexposure to the CS alone. It is
also interesting to note that in both cases, the difference in
the learning curves are later in training, during asymptotic
levels of performance of CRs.

A hippocampal model put forth by Schmajuk et al.
(1996) and Buhusi, Gray, and Schmajuk (1998) proposes
that preexposure effects such as LI are due to a mecha-
nism based on novelty. Novelty in their model is much like
the idea of error correction in the Rescorla–Wagner model
(i.e., the difference between the expected US and the ac-
tual presentation of the US). In their model, the fastest
learning occurs when novelty is high, and slower learning
occurs when novelty is low. Therefore, when the CS is not
novel (i.e., following CS preexposure), CS–US learning
is slower than when the CS is novel (i.e., following con-
text preexposure).

The idea of novelty can also explain LIRR, as well as
LI. Following context preexposure, both the CS and the
US are novel, but the context is not novel at the start of the
training phase. Therefore, learning should be rapid. Fol-
lowing CS preexposure for LI , only the US is novel at the
start of the training phase (i.e., the subjects have already
experienced the CS and context in preexposure). There-
fore, learning should be slower, as compared with context-
preexposed controls. However, following uncorrelated CS
and US preexposures for LIRR, the subjects have been
preexposed to the context, the CS, and the US, and the
only novelty at the start of training is the pairing of the CS
and the US. Therefore, LIRR results in less novelty and
slower training, as compared with both context-preexposed
and CS-preexposed subjects.

A related theory, based in part on the mechanism of
Schmajuk and Moore’s (1988) attentional-associative
model, is the switching theory of Weiner and Feldon
(1997). The switching theory proposes that retardation
following CS-alone preexposures occurs because there is
a conflict between the nonreinforced presentations of the
CS during preexposure and the same cue’s being rein-
forced in training. In preexposure, the animal learns that
the CS predicts no event but, in training, must learn that
the CS predicts the US.

We can interpret the switching model as supporting
LIRR, as well as LI. This is due to the fact that there would
be less associability between the CS and the US following
LIRR, since the animal has explicitly learned that the CS
and the US occur separately. The animal would learn that
the CS signals no event and that the US occurs with no
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signal. This would lead to a lower associability than would
occur following learning that the CS signals no event.

Theories of Entorhinal Cortical Function
In addition to explaining the psychological mechanisms

that may be involved in preexposure tasks such as LIRR
and LI, some of these theories also hypothesize the neural
substrates within the hippocampal region that are neces-
sary for these preexposure tasks.

Since the original publication of the Gluck and Myers
(1993) and Myers et al. (1995) studies, simulations of var-
ious lesion effects on LI have been produced for LIRR as
well (Gluck & Myers, 2001). The simulations of the basic
LIRR effect are shown as learning curves in Figure 10A
and as trials to criterion in Figure 10B.

The Gluck–Myers (1993) model originally simulated
the effects of a hippocampal region lesion in disrupting LI
(Kaye & Pearce, 1987; Schmajuk et al., 1994; Solomon &
Moore, 1975). This prediction has since been made for
LIRR, as is shown in Figure 9B. Myers et al.’s (1995)
model predicted that selective hippocampal lesions that
spare the entorhinal cortex should spare LI and LIRR, as
is shown in Figure 10B. Implicit in this model is the pre-
diction that an entorhinal cortical lesion that disrupts the
mechanism of redundancy compression would disrupt
preexposure tasks such as LI and LIRR. However, at pres-

ent, this selective entorhinal lesion model that leaves the
hippocampus intact has yet to be developed.

Eichenbaum, Otto, and Cohen (1994) have theorized
that the parahippocampal region (including the entorhinal
cortex) serves as an intermediate-term buffer, whereas the
hippocampal formation mediates the representational
processes that allow for generalization of learned associ-
ations to novel situations. Although intermediate-term
memory differs from the stimulus–stimulus compression
function for entorhinal function proposed by Myers et al.
(1995), the two functions are complementary. In real-world
situations, events that conceptually co-occur may not ac-
tually co-initiate or coterminate; intermediate storage of
recent events might allow the system to cluster stimuli that
reliably occur close together in time. Conversely, the 
intermediate-term buffer probably has to perform cluster-
ing to reduce the information passing through it.

Bunsey and Eichenbaum (1993) also have suggested
that the parahippocampal region (including the entorhinal
cortex) mediates the fusion of co-occurring or nearly co-
incident stimuli. This process is functionally analogous to
the redundancy compression put forth by Myers et al.
(1995). It is interesting to note that Bunsey and Eichen-
baum’s fusion theory was derived from behavioral obser-
vations of paired associate learning in intact, hippocampal-
lesioned, and parahippocampal-lesioned animals. However,

Figure 10. Computational model simulations of learned irrelevance (LIRR) from Gluck and Myers’s
(1993) and Myers, Gluck, and Granger’s (1995) models of hippocampal region and entorhinal function.
(A) Simulations of the learning curves following either uncorrelated conditioned stimulus (CS) and un-
conditioned stimulus (US) preexposures or context-alone preexposures. Uncorrelated CS and US preex-
posures produce a retardation of acquisition to subsequent paired presentations of the CS and the US (i.e.,
LIRR). (B) Simulations of the effects of hippocampal region lesions and selective hippocampal lesions on
LIRR (graphed as trials necessary to reach a criterion of eight conditioned responses [CRS] out of nine
consecutive trials). The intact model produces LIRR as an increased number of trials necessary to reach
criterion following uncorrelated CS and US preexposures, as compared with context-alone preexposure.
The hippocampal-region–lesioned model that lacks both hippocampal and entorhinal mechanisms dis-
rupts LIRR so that there is no difference between the effects of uncorrelated CS and US preexposures and
of context-alone preexposure. Finally, a selective hippocampal lesion model that lacks the hippocampal
mechanism of differentiation but leaves intact the entorhinal cortex mechanism of compression does not
disrupt LIRR. 
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Myers et al.’s compression theory was based on an inte-
gration of both physiologically based and behaviorally
based computational models of hippocampal region func-
tion. The convergence of these two diverse empirical and
computational approaches to theory development is hope-
fully a sign that stimulus compression is a useful and ac-
curate description of parahippocampal region function
(see also Gluck, Myers, & Goebel, 1994).

Nestor Schmajuk and colleagues have also presented an
evolving series of computational models of cortico-
hippocampal interaction in conditioning (Schmajuk &
Blair, 1993; Schmajuk & Buhusi, 1997; Schmajuk & Di-
Carlo, 1991) that make predictions similar to Myers et al.’s
(1995) model, but through different learning mechanisms
(i.e., error correction and configural learning). The
Schmajuk–DiCarlo hippocampal-lesioned model does not
exhibit LI, as has been shown in hippocampal-region–
lesioned rabbits (Solomon & Moore, 1975) and in Gluck
and Myers’s (1993) model.

Later versions of the Schmajuk–DiCarlo model (Schma-
juk & Blair, 1993; Schmajuk & Buhusi, 1997) differenti-
ated the functions of the hippocampus proper and the en-
torhinal cortex. Like Myers et al.’s (1995) model, this later
model accounts for such effects as intact LI following a se-
lective hippocampal lesion (Honey & Good, 1993; Shohamy
et al., 2000). The Schmajuk–DiCarlo model makes no di-
rect predictions concerning LIRR, but we assume that
they would predict the same lesion results for this task as
they did for LI.

Overall, the Schmajuk–DiCarlo model makes predic-
tions that are consistent with Myers et al.’s (1995) model,
but through a different mechanism. Therefore, more work
needs to be done to delineate the actual mechanisms op-
erating in the entorhinal cortex during classical condition-
ing preexposure tasks such as LI and LIRR. This work
should be able to determine whether the entorhinal mech-
anisms of compression (Gluck & Myers, 1993), fusion
(Bunsey & Eichenbaum, 1993), or configural learning
(Schmajuk & DiCarlo, 1991) are complementary or sep-
arable mechanisms.

Conclusions
Overall, our findings for the work presented here are

that nonselective cortical-hippocampal region and selec-
tive entorhinal lesions, but not sham or selective hip-
pocampal lesions, disrupt LIRR. These findings, along
with these of other lesion studies and theories discussed,
indicate that cortical regions within the hippocampal re-
gion, such as the entorhinal cortex, play a role in memory
that is independent of the hippocampus proper. Whereas
nonselective hippocampal region lesion disruption of
LIRR indicated that some structure in this brain region
was involved in learning and memory, more recent selec-
tive lesion work has determined the roles of the specific
structures in the hippocampal region. Initially, experi-
mental and theoretical work focused on the hippocampus
proper, but more recently this focus has shifted to include

nearby cortical regions, such as the entorhinal cortex. This
shift in focus from the hippocampus to its related cortical
regions is leading to a better understanding of the precise
neurobiological mechanisms for learning and memory.
Our present findings of LIRR’s being disrupted by corti-
cal hippocampal region and selective entorhinal lesions,
but not by sham or selective hippocampal lesions, fits with
the emerging theory that cortical areas within the hip-
pocampal region may be responsible for tasks previously
hypothesized to be hippocampal dependent. Future work
needs to continue this line of research in dissociating hip-
pocampal and entorhinal cortical functions in learning
and memory.
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