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The Kamin (1969) blocking effect is one of the most
studied classical conditioning tasks. Blocking is a con-
ditioning task in which prior training to one cue (e.g., a
tone) reduces learning about a second cue (e.g., a light)
in subsequent tone–light compound training, as compared
with controls that were trained only to the tone–light
compound. Evidence for blocking comes from both re-
duced conditioned responses (CRs) on test trials of the
blocked cue alone and slower learning to the blocked cue
during subsequent training, as compared with controls.
Blocking involves the addition of a cue that is both novel
and redundant, as compared with the cue that had been
previously trained.

Various mechanisms have been put forth to account for
how the addition of a novel but redundant cue produces
the blocking effect. These mechanisms include error cor-
rection based on the decreased effectiveness of the uncon-
ditioned stimulus (US) to drive learning (Rescorla &

Wagner, 1972) and learned inattention to a redundant
conditioned stimulus (CS) (Mackintosh, 1973). These
mechanisms have since been mapped onto neural circuits
known to be involved in various forms of classical condi-
tioning. For example, error correction has been mapped
to the cerebellum in the case of motor learning (Gluck,
Allen, Myers, & Thompson, et al., 2001; Kim, Krupa, &
Thompson, 1998) and to the amygdala for fear learning
(Fanselow, 1998). CS modulation mechanisms, such as
inattention, have been mapped to the hippocampus (Bax-
ter, Gallagher, & Holland, 1999; Solomon, 1980).

Most empirical studies have supported either an error
correction or a learned inattentionmechanism. However, a
possible interaction between these two mechanisms has
been put forth to explain blocking. Holland (1997) pro-
posed that both a hippocampalmechanism of reduction of
CS associability and a nonhippocampal mechanism of
error correction may be involved in blocking. This theory
has been supported by a subsequent empirical study by
Baxter et al. (1999) that reported a blockingstudy in rat ap-
petitive conditioning involving selective cholinergic le-
sions of the medial septum. These lesions removed the
cholinergic innervation to the hippocampus and, thus, dis-
rupted normal hippocampal function. Hippocampal cho-
linergic disruption did not disrupt blocking, as measured
by responding to the blocked cue alone on test trials, but
did disrupt blocking when tested by subsequent training of
the blocked cue. This finding was interpreted so that the
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The classical conditioning task of blocking involves the adding of a novel but redundant stimulus to
a previously trained stimulus. Both blocking and novelty detection are thought to involve the hippo-
campus. Previously, Solomon (1977) found that nonselective aspiration lesions of the hippocampal re-
gion eliminated blocking in rabbit eyeblink conditioning. We tested the effects of selective ibotenic
acid lesions of the hippocampus on blocking, as well as on novelty detection, when training is switched
from a tone conditioned stimulus (CS) to a compound tone–light CS in eyeblink conditioning. Selec-
tive hippocampal lesions did not eliminate blocking but did lead to a facilitation of conditioned re-
sponse (CR) acquisition to the tone and to the light, but not to the tone–light compound. Selective
hippocampal lesions disrupted a CR decrement observed in sham surgical controls when transferred
from tone training to tone–light training. It appears that although selectivehippocampal lesions do not
eliminate blocking in eyeblink conditioning, they do disrupt novelty detection and may facilitate learn-
ing to a previously blocked cue.
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hippocampus is involved in reducing the ability of a CS to
enter into new associations but is not involved in altering
US effectiveness through a process of error correction.

This evidence for multiple mechanisms interacting to
produce blocking fits in with the interactions between
the cerebellar and the hippocampal systems known to be
involvedin eyeblinkconditioning(Allen, Myers, & Gluck,
2001). Eyeblink conditioning is an associative learning
paradigm in which a neutral stimulus, such as a tone or
a light (the CS), is paired with a response-evoking stim-
ulus, such as a corneal air puff (the US). Initially, the CS
elicits no behavioral response, whereas the US elicits a
protective eyeblink response. By repeatedly pairing the
CS followed by the US, the CS alone comes to elicit an
anticipatory eyeblink response (the CR). For a complete
review of the behavioral eyeblink conditioning literature,
see Gormezano, Kehoe, and Marshall (1983).

Blocking has had a long history in eyeblink condi-
tioning (Kim et al., 1998; Kinkaide, 1974; Marchant &
Moore, 1973; Solomon, 1977). Recent work has focused
on the error correction mechanism (Gluck et al., 2001;
Kim et al., 1998), but earlier blockingexperiments in eye-
blink conditioningfocused on a hippocampalmechanism
that involves inattention or inhibition (Solomon, 1977).

In the work presented here, we tested the role of the
hippocampus in rabbit eyeblink conditioning. Solomon
(1977) reported that aspiration lesions of the dorsal
hippocampal region eliminated blocking in rabbit eye-
blink conditioning. However, although Solomon (1977)
targeted only the dorsal hippocampus, these lesions were
nonselective aspiration lesions that also damaged areas
of overlying cortices, such as the cingulate, occipital,
parietal, prefrontal, and retrosplenial cortices. These as-
piration lesions may have damaged hippocampal affer-
ents from the entorhinal cortex as well. Damage to axons
from the entorhinal cortex to hippocampal regions CA3
and CA1 may have disrupted normal entorhinal function
as well. This unintended damage to surrounding regions
of the cortex makes it difficult to conclude that the ef-
fects of the hippocampal lesions on blocking in eyeblink
conditioning reported by Solomon (1977) were due ex-
clusively to hippocampal damage.

In addition, recent work from our laboratory indicates
that selective hippocampal lesions do not have the same
effect as nonselective hippocampal region lesions (Solo-
mon & Moore, 1975), at least for preexposure tasks such
as latent inhibition (Shohamy, Allen, & Gluck, 2000)
and learned irrelevance (Allen, Chelius, & Gluck, 2002).
These tasks were hypothesized to involve the same mech-
anism of learned inattentionas blocking (Solomon, 1977).
This same pattern of results, in which selective hippo-
campal lesion effects differ from nonselectivehippocam-
pal region lesion effects, may hold true for blocking as
well.

Recent computational models have predicted that a se-
lective hippocampal lesion should not disrupt blocking
(Myers, Gluck, & Granger, 1995; Schmajuk & Buhusi,

1997). This prediction is due to the assumption by both
of these models that a neural substrate other than the
hippocampus is responsible for blocking through a
mechanism of error correction. Myers et al. hypothe-
sized that error correction occurs in the cerebellar sys-
tem, while Schmajuk and Buhusi hypothesized that error
correction occurs in the entorhinal cortex. In either case,
blocking in eyeblink conditioning is assumed to involve
some error correction mechanism that is independent of
the hippocampus.

To examine the role of the hippocampus in blocking,
we applied the ibotenic acid selective lesion technique,
developed in the rat by Jarrard (1989), to rabbits. Recent
work in our laboratory has demonstrated the effective-
ness of this selective lesion technique in the rabbit
(Allen, Chelius, & Gluck, 2002; Allen, Padilla, & Gluck,
2002; Shohamy et al., 2000). This selective lesion tech-
nique allowed us to remove the dorsal area of the dorsal
hippocampus removed by Solomon (1977), while leav-
ing the overlying cortex and fibers of passage within the
hippocampus intact. The implementation of selective
hippocampal lesions to test the role of the hippocampus
in blocking would allow us to determine whether the
hippocampus itself is necessary for blocking in rabbit
eyeblink conditioning. We hypothesized that, in contrast
to the previous nonselective hippocampal lesion results
from Solomon (1977), a selective lesion of the dorsal
hippocampus would not disrupt blocking in delay eye-
blink conditioning in the rabbit.

We also wanted to test two other hypotheses regarding
blocking that involve the effects of the addition of a
novel cue on expression of a previously learned CR. If an
animal is trained to a tone and then switched to com-
pound tone–light training, the light is a novel cue but is
also redundant to the tone as a signal for the US. The
Rescorla–Wagner (1972) rule predicts that there will be
no novelty effect in response to the added cue during
blocking. Since Rescorla and Wagner hypothesized that
learning is based on error correction owing to unpredicted
USs, if the US is predicted by the previously trained cue,
there is no error to drive learning to any added cue that
is redundant to the previously trained cue. Therefore, if
blocking in eyeblink conditioning is due to a purely error
correction mechanism, there will be no difference in
CRs when a novel cue is added to a previously trained cue.

Conversely, Mackintosh and Turner (1971) predicted
that initially, the added cue is attended to owing to its
novelty but that it is then quickly inattended to, owing to
its redundancy with the previously trained cue. There-
fore, if blocking involves some form of CS modulation,
there should be a decrement in CRs when a novel cue is
added to a previously trained cue. We hypothesized, on
the basis of Baxter et al.’s (1999) result, that blocking in
eyeblink conditioning could involve some form of CS
modulation that is independent of error correction in the
cerebellar system and would exhibit a decrement in CRs
from the addition of a novel cue.
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The second novel cue hypothesis is that if there is a
novelty effect during blocking, it should be hippocampal
dependent. Several studies have supported the role of the
hippocampus in detecting and encoding representations
of novel stimuli (Grossberg & Merrill, 1992; Menon,
White, Eliez, Glover, & Reiss, 2000; Miller & Matzel,
1988; Pribram, 1986; Squire, 1992). Eichenbaum (1999)
defined novelty detection as a complex process that re-
quires some process of matching or failing to match a
stimulus to a stored representation. The detection of nov-
elty probably involves some procession to encode the re-
lationships among the elements that compose the novel
stimulus. This matching of stimuli to stored representa-
tions and the subsequent encoding of complex stimulus
fits with the role of the hippocampus in classical condi-
tioning as hypothesized in models and theories of the
hippocampus (Bunsey & Eichenbaum, 1993; Gluck &
Myers, 1993; Vinogradova, 2001). An alternate theory
is that novelty detection does not take place in the hippo-
campus but takes place in the nucleus accumbens (Buhusi
& Schmajuk, 1996).

If the hippocampusis involved in the detection of novel
stimuli on the basis of a comparison with representations
of previously learned stimuli, the selective removal of
the hippocampus should disrupt this comparison, and
there should be no effect of the novel cue of a previously
learned CR. We hypothesized that an initial decrement in
conditioned responding that would occur in normal rab-
bits when switched from tone training to tone–light
training would not occur in rabbits with selective hippo-
campal lesions. Overall, we predicted that rabbits with se-
lective hippocampal lesions would exhibit normal block-
ing butwouldnot exhibit any decrement in CRs in response
to the addition of the novel cue.

METHOD

Subjects
Twenty-four male rabbits were used in this experiment. The rabbits

were purchased from Covance Laboratories (Princeton, NJ). The
rabbits were housed in individual cages in the AAALAC-approved
Rutgers University Animal Facility, Newark, NJ. They were given
free access to food and water. They were maintained on a 12:12-h
light:dark cycle, with lights on at 7:00 a.m. All testing occurred
during the light cycle. All procedures and protocols were approved
by the Rutgers IACAUC (Protocol 96-010).

Surgery
All the rabbits underwent aseptic surgery for either a selective

dorsal hippocampal lesion by injection of ibotenic acid or a sham
lesion by injection of the vehicle solution alone. The rabbits were
anesthetized via a subcutaneous (s.c.) injection of xylazine (6 mg/kg)
followed, 15 min later, by an intramuscular (i.m.) injection of ket-
amine (60 mg/kg). The rabbit was then placed in a stereotaxic head
holder. Additional i.m. 1 cc doses of a ketaminexylazine (2:1) mix-
ture were administered at 1-h intervals.

During the surgery, two holes were drilled bilaterally into the
skull 3–8 mm lateral and 3–6 mm posterior of bregma. Selective
hippocampal lesions were made by injecting ibotenic acid (10 mg/mL)
into 24 injection sites bilaterally into the dorsal hippocampus with
an injection of 0.15 or 0.10 mL of solution per injection site. Stereo-
taxic coordinates and specific injection sizes are listed in Table 1.

Following the injections, the holes in the skull were sealed with
bone wax. Two stainless steel screws were mounted in the skull to
anchor the headstage. The exposed skull was covered with dental
acrylic to form the headstage. A bolt was attached in the acrylic for
the mounting of the eyeblink detector assembly during condition-
ing. The rabbits were allowed a week for recovery from the surgery
prior to the initiation of behavioral conditioning.

Materials
For training, each rabbit was restrained in Plexiglas restraint

boxes in individual conditioning chambers. Each chamber con-
tained a speaker, an air hose assembly, and an eyeblink detector as-
sembly (L.T. Thompson, Moyer, Akase, & Disterhoft, 1994). The
stimuli and recording of the behavior were computer controlled (for
technical details, see Chen & Steinmetz, 1998).

Behavioral Response Assessment
Eyeblinks were monitored with an opto-electronic sensor that

consisted of a light-emitting diode (LED) and a phototransistor (for
technical details, see L.T. Thompson et al., 1994). The LED emit-
ted a beam of infrared light that was reflected off the cornea, and
the reflectance of this beam was converted to a DC voltage by a
phototransistor. The eyeblink signal was filtered (between 0.1 Hz
and 1 KHz) and amplified (1003) by a differential AC amplifier
(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 during the pre-CS period caused the training
trial to be discarded from analysis. A CR was scored if movement
greater than 0.5 mm was seen in the CS period. Each trial’s behav-
ioral record was displayed on the computer screen. The computer
analyzed the behavioral data and delivered the data for each block
of 50 trials.

Stimuli
The CS was either a 450-msec, 90-dB, 1000-Hz tone or a 450-msec,

12-V light. The US was a 50-msec, 4-psi corneal air puff delivered
via a rubber hose attached to the eyeblink detector assembly and
aimed at the rabbit’s cornea. The CS and US coterminated so that
there was an interstimulus interval (ISI) of 400 msec. The intertrial
interval (ITI) was a pseudorandom interval that averaged 30 sec and
ranged from 25 to 35 sec. All training was done in the darkened
chambers, with a red light outside in the conditioning room.

Design and Procedure
Adaptation . Prior to acquisition, the rabbits were adapted to the

conditioning chamber and restraint box for two daily sessions for
30 min on the first session and 45 min on the second session.

Acquisition. Acquisition consisted of four phases. Hippocampal-
lesioned and sham-lesioned rabbits were divided equally between a
blocking and a control condition.

Phase 1 consisted of 700 trials over seven consecutive daily ses-
sions. The rabbits in the blocking condition received tone–air-puff

Table 1
Stereotaxic Coordinates for

Selective Dorsal Hippocampal Lesions

A–P M–L D–V

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

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 0.15 or 0.10 (*) mL at each site.
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training. The rabbits in the control condition received exposure to
the conditioning context, but with no stimuli presented for seven
consecutive daily sessions. Phase 2 consisted of 500 trials over five
consecutive daily sessions. All the rabbits received tone–light–air-
puff training, with the tone and the light presented simultaneously
and with an ISI of 400 msec between the onset of the tone–light and
the onset of the air puff. Phase 3 consisted of 30 light-alone test tri-
als given to all the rabbits. Phase 4 consisted of 500 trials of light
and air puff training given to all the rabbits over five consecutive
daily sessions

Histology . Following completion of conditioning, all the rabbits
were overdosed by an IV injection of pentobarbital into the mar-
ginal ear vein and were perfused via the ascending aorta with a
0.9% saline solution followed by a 10% formalin solution. The
brain was then removed and preserved in a 30% sucrose/10% for-
malin solution. The brain was sliced into 80-micron sections on a
freezing microtome, mounted on slides, and stained with the cresyl
violet method.

Data Analysis
Behavioral results in the form of percentage of CRs (%CR) for

all phases were analyzed with a repeated measures analysis of vari-
ance in 50 trial blocks, with the exception of the data from Phase 3,
which were analyzed as a single block of 30 trials. We assessed the
size and location of the hippocampal lesions by viewing the slice
under a microscope and drawing the lesion onto a template of a cor-
responding sham-lesioned hippocampus. The area of the lesion was
then calculated as a percentage of the area of the sham-lesioned
hippocampus.

RESULTS

Histology
As was previously discussed, the hippocampal lesions

in the blocking study of Solomon (1977) were nonselec-
tive aspiration lesions that targeted the dorsal hippo-
campus. In Figure 1, we compare the location and extent
of the minimal (black) and maximal (vertical lines) le-
sions for our selective dorsal hippocampal lesions with
the histology presented by Solomon (1977) for his hip-
pocampal lesion blocking study. As can be observed in
Figure 1, the location and extent of our selective lesions
match with those of Solomon (1977). In both cases, the
majority of damage is to the dorsal hippocampus, with
some damage to the more caudal and ventral portions of
the hippocampus,but with no damage to the ventral hippo-
campus in the rostral portion.

Overall, the mean area of the selective dorsal hippo-
campal lesions were determined to be 74% (SE 5 5.8%)
of the normal area of a sham-lesioned hippocampus for
the left side and 72% (SE 5 4.5%) for the right side.
Representative photomicrographs of a sham-lesioned
dorsal hippocampus and a selectively lesioned dorsal
hippocampus are shown in Figures 2A and 2B, respec-
tively. The ibotenic acid lesion technique, along with the
specific coordinates we used, resulted in a dorsal hippo-
campal lesion that was very complete and yet spared the
overlying cortex. The selectively lesioned hippocampal
and sham-lesioned hippocampus with the overlying cor-
tex intact in both cases are shown in Figure 2.

In Figure 3 we show a set of magnifications (1003) of
a selective dorsal hippocampal lesion, as compared with

a sham-lesioned control, to demonstrate the extent of
loss of neurons within CA1, CA3, and the dentate gyrus
in the dorsal hippocampus. Therefore, through our se-
lective ibotenic acid lesions of the dorsal hippocampus,
we have obtained a lesion that did not damage the sur-
rounding cortical regions and resulted in a complete loss
of neurons in the dorsal hippocampus.

Behavioral Results
All the rabbits were able to learn to exhibit CRs to the

tone, the light, and the tone–light compound. The learn-
ing curves for Phase 1 are shown in Figure 4A. There
was a significant difference in conditioned responding
across sessions [F(13,130) 5 59.636, p , .001], indi-
cating that all the rabbits exhibited more CRs to the tone
as training in Phase 1 progressed. There were signifi-
cantly more CRs exhibited by the rabbits in the selective
hippocampal-lesioned group than by those in the sham-
lesioned group [F(1,10) 5 6.22, p , .05]. There was a
group 3 lesion interaction [F(13,130) 5 2.436, p , .01]
so that the two lesion groups differed early in training,
but by the end of Phase 1, all the rabbits were exhibiting
asymptotic levels of CRs (over 80%) to the tone.

The learning curves for Phase 2 are shown in Fig-
ure 4B. There were significant differences in condi-
tioned responding across sessions [F(9,180) 5 31.593,
p , .001], so that all the rabbits exhibited more CRs to
the tone–light compound as training in Phase 2 pro-
gressed. There were significantly more CRs exhibited by
rabbits in the blocking condition than by those in the
control condition [F(1,20) 5 13.481, p , .005]. There
were no significantdifferences in conditionedresponding
between the hippocampal-lesioned rabbits and the sham-
lesioned rabbits [F(1,20) 5 2.6696, p . .11]. There were
no significant interactions in Phase 2, p . .05.

The %CRs to the light test trials for Phase 3 are shown
in Figure 4C. Overall, there were significantly more CRs
exhibited by the rabbits in the blocking and control con-
ditions [F(1,20) 5 8.539, p . .01]. There were no sig-
nificant differences in conditioned responding to the
light between the hippocampal-lesioned rabbits and the
sham-lesioned rabbits [F(1,20) 5 0.089, p , .75]. There
was also no interaction between the blocking and control
conditionsand the lesion groups [F(1,20) 5 0.2, p , .65].

The learning curves for Phase 4 are shown in Fig-
ure 4D. There was a significant difference in conditioned
responding across sessions [F(9,180) 5 11.439, p ,
.001], so that all the rabbits learned to perform CRs to
the light as Phase 4 progressed. There were significantly
more CRs exhibitedby the rabbits in the control condition
than by the rabbits in the blocking condition [F(1,20) 5
14.083, p , .001]. There were no significant differences
in CRs to the light test trials between the hippocampal-
lesioned rabbits and the sham-lesioned rabbits [F(1,20) 5
3.658, p $ .07]. There was a session 3 group interaction
[F(9,180) 5 1.963, p , .05], so that early in Phase 4,
there were significant differences between the rabbits in
the blocking conditionand the rabbits in the control con-
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A B

Figure 1. The extent and location of the minimal (black) and the maximal (vertical
lines) lesions for our selective dorsal hippocampal lesions and for comparable lesions
from Solomon (1977). The sections are arranged in a rostral–caudal orientation as one
progresses down each column. (A) The selective dorsal hippocampal lesions produced by
injections of ibotenic acid for the present study. Overall, our selective dorsal hippocampal
lesions damaged areas of the hippocampal directly comparable to those of Solomon
(1977). Our selective dorsal hippocampal lesions also extended further in the rostral–
caudal plane than did those of Solomon (1977). (B) The nonselective dorsal hippocampal
lesions produced by aspiration from Solomon’s (1977) study of blocking.
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dition, but these differences disappeared by the middle
of training to the light. There were no other significant
interactions in Phase 4.

However, if only the hippocampal-lesioned and the
sham-lesioned rabbits in the blockingconditionswere com-
pared, as was the case in Phase 1, there were significantly
more CRs exhibited by hippocampal-lesioned rabbits
than by the sham-lesioned rabbits [F(1,10) 5 11.937,
p , .01].

Novel Cue Effects
We tested the hypotheses concerning a CR decrement

by comparing %CR for the last 10 trials of tone training
in Phase 1 and for the first 10 trials of tone–light train-
ing in Phase 2 for both the hippocampal blocking group
and the sham blocking group, as is shown in Figure 5.
Overall, there were no significant differences between
conditionedresponding in Phase 1 and Phase 2 [F(1,10) 5

4.034, p 5 .072]. There were no significant differences
between the hippocampal-lesioned and the sham-lesioned
groups [F(1,10) 5 0.937, p . .35]. However, there was
a significant interaction of phase and group [F(1,10) 5
10.793, p , .01]. This interaction was furthered ana-
lyzed by paired and individual t tests. There was a sig-
nificant decrease in CRs between the end of Phase 1 and
the beginning of Phase 2 for the sham blocking group
[paired t(5) 5 23.542, p , .05], but not for the hippo-
campal lesion blockinggroup [paired t(5) 5 20.961, p .
.38]. The percentage of CRs between the sham and the
hippocampalblockinggroups for the last block of Phase 1
and the first block of Phase 2 was compared with an in-
dependent measure t test. There was a significant differ-
ence between the sham and the hippocampal lesion
groups for the first block of Phase 2 [individual t(5) 5
22.659, p , .05], but not for the last block of Phase 1
[individual t(5) 5 1.290, p . .25].

DISCUSSION

Overall, the major finding of this experiment was that
selective ibotenic acid lesions of the dorsal hippocampus
did not eliminate blocking.This is in contrast to the find-
ing of Solomon (1977) that nonselective aspiration le-
sions of the dorsal hippocampus disrupted blocking.

Our purpose in this experiment was to determine
whether lesioning of the hippocampus itself was neces-
sary for blockingin rabbit eyeblinkconditioningby the use
of ibotenic acid. Analysis of the present lesions indicates
that we have achieved the desired damage. Specifically,
we selectively lesioned the same area of the hippocam-
pus as Solomon (1977) had previously lesioned nonse-
lectively.We selectively removed the CA1, CA3, and the
dentate gyrus regions in the dorsal hippocampus, while
leaving the overlying cortex intact.

We will now discuss the specific results for each phase
in order. In Phase 1, all the selectivehippocampal-lesioned
rabbits and sham-lesioned rabbits learned to exhibit CRs
to the tone. The hippocampal-lesioned rabbits exhibited
accelerated learning to the tone, as compared with the
sham-lesioned rabbits. This was not an unexpected find-
ing. Previously, Schmaltz and Theios (1972) found that
hippocampal-lesionedrabbits exhibitedaccelerated learn-
ing to a tone in eyeblink conditioning. This acceleration
following a hippocampal lesion has been explained as
the effect of releasing the cerebellum from hippocampal
inhibition. There is a long history of theories going back
over 30 years that suggest a specialized role for the hippo-
campus in tasks that involve inhibition or learned inat-
tention (Chan, Morell, Jarrard, Davidson, 2001;Douglas,
1967; Douglas & Pribram, 1966; Kimble, 1968; Solo-
mon, 1980).

The role of the hippocampus in inhibition can be un-
derstood on the basis of the type of conditioning tasks
that require hippocampal processing. Overall, the sim-
ple CS–US associations of delay conditioning can be
done by the cerebellar circuitry delineated by R. F.

A

B

Figure 2. The results from the histology of the selective hippo-
campal and sham lesions. In both cases, the overlying cortex is in-
tact. (A) A photomicrograph of a sham-lesioned dorsal hippo-
campus in which only the vehicle solution was injected. (B) A
photomicrograph of a selectively lesioned dorsal hippocampus
made by injections of ibotenic acid (0.15 or 0.10 mL of a 10 mg/mL
solution).
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Thompson (1986). The hippocampus is necessary for
more complex tasks that require adaptable representa-
tions of stimuli and their relationships. Therefore, for the
hippocampus to form these relationships, it inhibits the
formation of the simple CS–US association by the cere-
bellum in order for the hippocampus to be able to trans-
mit the complex representations to the cerebellum, to be
used in the formation of the proper CS–US association.

The Gluck and Myers (1993) model accounts for a
hippocampal lesion’s facilitating formation of a simple

CS–US through a different interpretation. With an intact
hippocampus, there is learning of a CS–US association
from representations that are changing on the basis of
hippocampal alterations of stimulus representations. In
the case of a hippocampal lesion, the stimulus represen-
tations are fixed throughout learning. We concluded that
learning with such a fixed stimulus representation should
be faster and more complete than trying to learn with a
randomly changing representation (Gluck & Myers,
1993).

A B

C D

E F

Figure 3. Extent of neuronal loss in the CA1 and CA3, and dentate gyrus regions in the dorsal
hippocampus from ibotenic acid lesions. All photomicrographs are at a magnification of 2003. (A) A
photomicrograph of the CA1 region of a sham-lesioned hippocampus, showing the strongly stained
pyramidal cell layer. (B) A photomicrograph of the CA1 region of a selectively lesioned hippocampus.
Note the absence of pyramidal cells, as compared with panel A. (C) A photomicrograph of the CA3
region of a sham-lesioned hippocampus, showing the strongly stained pyramidal cell layer. (D) A pho-
tomicrograph of the CA3 region of a selectively lesioned hippocampus. Note the absence of neuronal
staining, as compared with panel C. (E) A photomicrograph of the dentate gyrus region of a sham-
lesioned hippocampus, showing the strongly stained neurons. (F) A photomicrograph of the dentate
gyrus region of a selectively lesioned hippocampus. Note the absence of neuronal staining, as com-
pared with panel E.
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Therefore, removal of the hippocampus, in the case of
a simple CS–US association, would result in allowing
the cerebellum to be facilitated in acquiring the CR. This
idea fits with our findings on the accelerated learning to
the tone by the hippocampal lesion group in Phase 1.

We now turn to the results from the Phase 2 tone–light
training. In Phase 2, all the rabbits learned to exhibit CRs
to the tone–light compound. Overall, the rabbits in the
blocking condition, which had previously received tone–
air-puff training, continued to respond at asymptotic lev-
els (over 80% CRs) to the tone–light compound. The rab-
bits in the control condition, which had not received
tone–air-puff training in Phase 1, acquired CRs to the
tone–light compound at a normal rate. By the end of
Phase 2, all the rabbits were responding to the tone–light
compound at asymptotic levels (over 80% CRs). There
were no selective hippocampal lesion effects observed in
Phase 2. Specifically, there was no facilitationof learning

to the tone–light compound in selectively hippocampal-
lesioned rabbits in the control condition.

In Phase 3, both the selective hippocampal-lesioned
and the sham-lesioned rabbits in the control condition
exhibited more CRs to the light than did the rabbits in the
blocking condition. Blocking was observed for both the
sham-lesioned and the hippocampal-lesioned rabbits.
Selective lesions of the dorsal hippocampus did not dis-
rupt blocking in eyeblink conditioning, as predicted by
the computational models of Myers et al. (1995) and
Schmajuk and Buhusi (1997).

In Phase 4, both the hippocampal-lesioned and the
sham-lesioned rabbits in the control condition exhibited
more CRs to the light than did the rabbits in the block-
ing condition. This is another indication of blocking.
There was also a significant difference between the
hippocampal-lesionedand the sham-lesioned rabbits in the
blocking condition, so that the hippocampal-lesionedrab-

Figure 4. The behavioralresults for all four phases of blocking. (A) The behavioral results for Phase 1 (tone–air-
puff training). Overall, both the sham- and the hippocampal-lesioned rabbits in the blocking condition learned with
the tone. The sham- and the hippocampal-lesioned rabbits in the control condition received no stimuli in Phase 1.
(B) The behavioral results for Phase 2 (tone–light–air-puff training). Overall, the sham- and the hippocampal-
lesioned rabbits in the blocking condition continued to exhibit conditioned responses to the tone–light compound
across all of Phase 2. The sham- and the hippocampal-lesioned rabbits in the control group learned to give con-
ditioned responses to the tone–light compound. (C) The behavioral results for Phase 3 (light-alone test trials).
Overall, the sham- and the hippocampal-lesioned rabbits exhibited blocking, in that there was more responding
to the light in the rabbits trained in the control condition than in the rabbits trained in the blocking condition.
(D) The behavioral results for Phase 4 (light–air-puff training). Overall, the sham- and the hippocampal-lesioned
rabbits in the control condition learned with the light faster than both the sham- and the hippocampal-lesioned rab-
bits in the blocking conditioning. However, by the end of Phase 4, all the rabbits were exhibiting conditioned re-
sponses to the light.
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bits learned faster to the light than did the sham-lesioned
rabbits.

This facilitation of learning to the light in the block-
ing group could be interpreted as a reduction in the
blocking effect that is similar to the results of Baxter
et al. (1999), in which hippocampal function was dis-
rupted by the removal of cholinergic inputs to the hippo-
campus. They found that loss of cholinergic inputs to the
hippocampus did not disrupt blocking as measured by
light-alone test trials. However, this disruption altered
learning to the blocked cue, so that these lesioned ani-
mals were facilitated, as compared with normal controls.

However, prior work in our laboratory on the learned
inattention mechanism of blocking in rabbit eyeblink
conditioning did not provide any evidence that learned
inattention was the mechanism for blocking in eyeblink
conditioning (Allen, Padilla, & Gluck, 2002). Normal
rabbits that had been previously blocked to a light learned
with the light at the same rate as naive controls. There-
fore, it is unclear whether blocking in eyeblink condi-
tioning involves both a hippocampal learned inattention
mechanism and a nonhippocampal error correction
mechanism, as does the appetitive task reported by Bax-
ter et al. (1999).

Although our finding that hippocampal-lesioned rab-
bits exhibitedfacilitated learning to the previouslyblocked
cue is consistent with Baxter et al. (1999), it could also
be due to a continuation of the hippocampal lesion facil-
itation effect seen in Phase 1 training to the tone. There-
fore, in both phases in which there was a single cue
paired with the air puff, hippocampal lesions were facil-
itated. This overall trend in the data for selective hippo-
campal lesions to facilitate single CS conditioning tends
to lessen the likelihood that the facilitation observed in
Phase 4 was due to a reduction in the blocking to the
light. There is one difference between the facilitation of
training to the tone and training to the blocked light. The
facilitation of tone training is evident early in training,
whereas the facilitation of training to the blocked light

occurs later in training. It still may be that the selective
dorsal hippocampal lesions did lessen the blocking ef-
fect and that this resulted in faster acquisition of CRs to
the blocked cue. Overall, by the end of Phase 4, all the
rabbits were exhibiting CRs to the light.

Novel Cue Effects
A CR decrement was observed during the first 10 tri-

als of tone–light training in the sham-lesioned blocking
rabbits that had been switched from tone training. This
finding is consistent with the theory of Mackintosh and
Turner (1971) that attention is directed to the novel cue
in blocking when compound training is initiated. This
finding is contrary to the prediction of the Rescorla–
Wagner (1972) rule that predicts that there is no learning
to the novel cue, owing to its redundancy to the previ-
ously trained cue. Our finding supports the theory that
blocking, at least in the case of eyeblink conditioning, is
not due purely to an error correction mechanism.

In addition, rabbits with selective hippocampal lesions
did exhibit this CR decrement when tone training was
switched to tone–light training. This f inding fits with
theories that propose that the hippocampus is involved
in the detection of novel cues during training (Gluck &
Myers, 1993; Vinogradova, 2001). This finding does not
support the predictions of others (e.g., Buhusi & Schma-
juk, 1996) who have proposed that novelty was not a
hippocampal-dependent task but was dependent on the
nucleus accumbens.

Novelty detection within the hippocampus has been
theorized to occur through a variety of mechanisms. Has-
selmo and Wyble (1997) suggested that the CA3 region
of the hippocampus reconstructs inputs from the en-
torhinal cortex and that the CA1 region of the hippo-
campus compares the inputs from the entorhinal cortex
with the output of CA3. When stimuli are well encoded,
there will be a good match between entorhinal cortex in-
puts and CA3-reconstructed outputs, and hippocampal
learning will not be altered. When stimuli are novel and
encoding is poor, there is a mismatch between entorhinal
cortex inputs and CA3-reconstructed outputs, and hip-
pocampal learning will be increased to correct this error
in stimulus encoding. Vinogradova (2001) suggested
that the CA3 region of the hippocampus detects novelty
by comparing signals from the subcortex via the fornix
and those from the cortex via the entorhinal cortex. No
matter through which specific mechanism, it appears
that the hippocampus is involved in the detection of
novel cues during the blocking task. Future work should
determine exactly what mechanisms within the hippo-
campus are involved in the detection of stimulus novelty.

The results from this paper support the idea that block-
ing involves some hippocampal function independent of
error correction within the cerebellar system. Blocking
in selectively hippocampal-lesioned rabbits is not identi-
cal to blocking in sham-operated controls. Blocking was
intact, as was indicated by test trials of the blocked light.
However, subsequent training to the blocked cue in se-
lectively hippocampal-lesioned rabbits was facilitated.

Figure 5. Conditioned response (CR) decrement observed be-
tween tone training in Phase 1 and tone–light training in Phase 2.
The sham-lesioned rabbits showed a decrement in conditioned
responding initially to tone–light presentations following prior
tone training. This effect was not observed in the rabbits with se-
lective hippocampal lesions.
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This pattern of results fits with prior findings by Baxter
et al. (1999). In addition, these findings support the pre-
dictions from computational models (Myers et al., 1995;
Schmajuk & Buhusi, 1997) that a selective hippocampal
lesion would not eliminate blocking in rabbit eyeblink
conditioning. The fact that our selective hippocampal le-
sions did not disrupt blocking, whereas prior nonselec-
tive hippocampal lesions disrupted blocking (Solomon,
1977), may be due to the role of nonhippocampal struc-
tures within the hippocampal region, such as the entorhi-
nal cortex. Schmajuk (Schmajuk & Buhusi, 1997) pro-
posed that the entorhinal cortex is necessary for blocking.
Prior work in this laboratory has indicated that selective
entorhinal lesions have the same disruptive effect as
hippocampal region lesions on such tasks as latent inhi-
bition (Shohamy et al., 2000) and learned irrelevance
(Allen, Chelius, & Gluck, 2002). Future work should test
these predictions, to determine whether indirect damage
to the entorhinal cortex is responsible for Solomon’s
(1977) finding of hippocampal region lesions’ disrupting
blocking.

One may argue that the failure of our selective dorsal
hippocampal lesions to disrupt blocking was due simply
to not lesioning the entire hippocampus. As was previ-
ously mentioned, the hippocampal region lesions that
Solomon (1977) found disrupted blocking damaged the
dorsal hippocampus, but not the ventral hippocampus.
Therefore, the difference between our failure to find that
selective hippocampal lesions disrupted blocking and
Solomon’s (1977) finding that nonselectivehippocampal
lesions disrupted blockingcannot be attributed to the dor-
sal nature of the lesions. It may be that Solomon’s (1977)
lesions, owing to their nonselectivenature, did indirectly
damage some ventral hippocampalor other brain region;
this other possible damage was not addressed by the his-
tology of Solomon (1977).

We can conclude that the selective dorsal hippocampal
lesions were effective in producing two expected hippo-
campal lesion effects: a facilitation of single CS condi-
tioning (Schmaltz & Theios, 1972) and a disruption of a
CR decrement in response to the addition of a novel cue
to a previously trained cue. The failure of these lesions
to disrupt blocking is probably due to lack of damage to
cortical structures that were damaged by Solomon’s
(1977) nonselective aspiration lesions, possibly the en-
torhinal cortex. Future work should examine more pre-
cisely the role of the entorhinal cortex in blocking, in
order to expand our understanding of the neural sub-
strates of blocking in eyeblink conditioning.
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