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Abstract

Prompted by the theoretical prediction that damage to the hippocampus should abolish exploratory behavior, the present study examined
exploratory movements in control rats and rats with hippocampal lesions produced with the neurotoxin N-methyl p-aspartate (NMDA). In four
daily 30-min sessions, control and hippocampal rats were exposed to an open circular table under room lighting. Both control and hippocampal
rats spent a majority of time near, and organized trips away from, a portion of the table (home base) near a large cue placed proximal to the
table. On Day 1, control and HPC rats made equal numbers of head orientations and a comparable number of trips, featuring equal travel
distance and numbers of stops. By Day 4, dwell times near the home base increased and other movements decreased in the control rats but the
activity profile of Day 1 persisted in the hippocampal rats. The high degree of similarity in behavior between hippocampal and control rats
on Day 1 and the persistence of this behavior in hippocampal rats on Day 4 suggests that the hippocampus is not necessary for the display of
normal exploratory movements per se. The absence of habituation of exploration in hippocampal rats is discussed in relation to contemporary

theories of hippocampal function.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction

One of the most interesting aspects of O’Keefe and Nadel’s
BITkpatial mapping theory is the theoretical link between
hippocampal circuitry and exploratory behavior. Their the-
ory proposes that exploration is fundamental in building and
updating the internal representation of the spatial layout of
an environment. Consequently, they propose that if subject
to hippocampal damage, “all forms of exploratory behavior
should disappear from the animal’s repertoire” [p. 242]. Fol-
lowing this proposal, studies have confirmed that there are
alterations in the behavior displayed by hippocampal rats in
open field tests AL3ZAZ A0 Ibut other studies have reported
that hippocampal rats still investigate novel objects and are
sensitive to changes in their location I3 3032 37 A0T WNev-
ertheless, despite the reports of altered behavior of rats in
open field “exploratory” tests, there has been no detailed
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analysis of the animals’ ongoing movements and movement
patterns.

What has hampered previous study of the role of the hip-
pocampus in exploratory behavior is the absence of agree-
ment of what constitutes exploratory behavior. Many stud-
ies have focused on measures of locomotor activity recorded
within homogenous environments such as ahome cage. Addi-
tionally, tests of open-field behavior are generally brief (circa
5-10min) ZI3T1Indeed, detailed descriptions of animal
exploration are often ignored because the structure of ex-
ploratory behavior is often assumed to be stochastic, and
“very difficult to describe quantitatively” 21331 Re-
cently, however, a descriptive approach to the exploratory be-
havior of the laboratory rat has disclosed that the structure of a
rats movement in an open field is far from random and is com-
posed of specific movements that can be quantified (&, 47 3011
For example, central to all exploratory behavior is the find-
ing that rats adopt specific locations in their environment,
even when that environment is relatively featureless, as home
bases from which they organize exploratory trips L1611
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Movements displayed at the home base include grooming,
rearing, and turning, while excursions are circuitous and con-
sist of a number of progressions punctuated by stops, with an
upper limit on the number of stops AT AT 30 ITypically, ex-
cursions are terminated by fast, direct returns to the home
base AT 235071

In light of the finding that rodent exploration is organized,
the purpose of the present study was to reexamine the issue
of whether hippocampal lesions alter this organization. We
used a test situation that is conducive for eliciting both home
base behavior and excursions ZTo. T7]1To produce selective
lesions of the hippocampus, injections of the neurotoxin N-
methyl p-aspartate (NMDA) were made into the cell fields
of Ammon’s horn and the dentate gyrus [ZZZ4]JAfter a re-
covery period, control rats and rats with hippocampal lesions
were placed on a circular table-top under lighted conditions
on each of four daily sessions. A large cue was placed next
to the table and remained in the same location throughout
the experiment. Movement measures included measures of
the quadrant and annulus dwell times, the number and dura-
tion of stops, total path length, number of trips, percent area
traversed, and changes in head movements and direction.

2. Materials and methods
2.1. Subjects

Twelve female Long-Evans rats (University of Lethbridge vivar-
ium) approximately 90 days old, weighing 250-300 g, were used
in the experiment. Rats were housed in groups of three in Plexi-
glas cages in the colony room with the temperature maintained at
20-21°C and a 12/12-h light/dark cycle (8:00-20:00). Food and wa-
ter were provided ad libitum. Six rats received NMDA hippocampal

lesions 2 weeks prior to testing, and six rats served as controls. All
experimental procedures were approved by the University of Leth-
bridge Animal Care Committee, which follows the standards set by
the Canadian Council on Animal Care.

2.2. Surgery

Rats were anesthetized with a mixture of isofluorane and oxy-
gen during the surgery. Damage to the hippocampus was produced
by stereotaxic microinjections (0.4 nl/site) of neurotoxin NMDA
(7.5 mg/ml). There were six lesion sites per hemisphere, using co-
ordinates measured from bregma [B2ZIdnd the surface of the dura (in
mm): anterior (A)=—3.1, lateral (L)=2.0, and ventral (V)= —3.6;
A=—-4.1,L=30, and V=-3.5; A=—5.0, L=3.5, and V=-3.5;
A=-53,L=52,and V=—-5.5; A=—5.3, L=5.2, and V=-7.5;
A=-6.0, L=5.0, and V=-7.3. NMDA was infused via a 30
gauge cannula at a rate of 0.20 wL/min and the cannula was left
in place for 2min after each injection to permit diffusion. Fol-
lowing surgery, the rats were administered sodium pentobarbital
(0.1 mL, 65 mg/mL, i.p.) to minimize epileptic seizures and Meta-
camp (0.06 mL, 5 mg/mL, s.c.) for analgesia. Rats were monitored
for at least 90 min before being returned to the colony room. Rats
were allowed to recover for 2 weeks before testing began.

2.3. Open field

The open field (ELg—Twas a wooden circular table without walls
measuring 255 cm in diameter @I dThe absence of walls reduced
the probability that the rats would display thigmotaxic behavior to
the edge of the open field. The table was painted white and mounted
on ball bearings for rotation. The surface of the table was approxi-
mately 64 cm above the floor. The table was located in a large room
that was illuminated. A number of visual cues were present in the
testing room, including counters, posters and a large bookshelf. The
table was rotated and wiped down with soap and water after testing
each rat.

Fig. 1. The apparatus is a circular wooden table (255 cm in diameter) without walls. A prominent cue is positioned next to the table.
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2.4. Visual cue

A black box (42cm x 48 cm x 82 cm high) was placed 15cm
away from the edge of the table (Elg—1J with its bottom level with
the top of the table, and remained at that location for each daily
session.

2.5. Procedure

At the start of an exploratory session, a rat was brought into the
testing room and was placed in the center of the open-field. The
experimenter left the room after placing the rat on the table. Each
exploratory session lasted 30 min in which the animal was free to
move around the circular table-top. At the end of the session, the
rat was removed from the apparatus and returned to its home cage.
This procedure was repeated on 4 successive days.

2.6. Movement tracking and manual coding

Each session was video taped by an overhead camera at-
tached to a digital camcorder. AccuTrak software (AccuScan In-
struments, Inc. Columbus, OH, 43228, USA) was used to deter-
mine the rat’s position in a Cartesian coordinate system at a sam-
pling rate of 30 Hz. The AccuTrak system automatically tracks
the midline of a rat’s back at the level of the forelimbs by se-
lecting one pixel per frame of the digital computer file. The x-
and y-coordinates were subjected to further analysis using a C++
computer program. This program was used to compute the cu-
mulative distance, percent area, stops, and the quadrant and an-
nulus preference scores. In addition, each video file was man-
ually scored for the number of excursions made from the cue
quadrant, and for head movements and direction. Behavioral mea-
sures were taken on the first and fourth days to alleviate the de-
mand of manually scoring the animals excursions and head move-
ments.

2.7. Behavioral measures

The following measures were used to describe the rats’ ex-
ploratory movements with respect to the table and with respect to
the visual cue:

(1) Cumulative distance. The exploratory paths of both control and
hippocampal rats were reconstructed and measured for total
length (cm).

(2) Percent Area. The surface of the table-top was divided into
900 individual squares. The percent area was derived using the
following formula:

# of squares transected

Percent area = x 100.

total # of squares

(3) Stops. Stops were characterized by near zero speeds of
<0.10 m/s. Stops were then grouped into a filter bin accord-
ing to the amount of time they occupied. Bin times consisted
of: 0-2, 2-10, 10-60, and 60+s.

(4) Quadrant and annulus preference. The open-field was divided
into four quadrants. The quadrant adjacent to the visual cue
was designated as the target quadrant (T). The total time spent
in quadrants A, B, and C was subtracted from the total time
spent in the target quadrant. The resultant scores were added and

their average derived according to the following formula: target
preference score =[(T — A) + (T — B) + (T — C)}/3. In addition,
the table was divided into three annuli: the inner (I), middle
(M), and outer (O) annuli. In order to determine the preference
score for the outer annulus, the total time spent in the inner
(I) and middle (M) annuli were subtracted from the total time
in the outer (O) annulus. The following formula was used to
determine the average of the resultant scores: Outer annulus
preference score =[(O — 1) + (0O — M)]/2.

(5) Number of excursions from the cue quadrant. An excursion, or
exploratory trip, was defined as a round trip starting and ending
within the outer annulus of the quadrant marked by the visual
cue.

(6) Head movements and direction. The number of head turns that
an animal made relative to the cue (90° from the cue, 180° from
the cue, and 270° from the cue) was manually scored from the
Days 1 and 4 video records. From this record the transitions
of the head from one to another orientation and the duration
of time in which an animals head was oriented toward or away
from the cue quadrant was documented. Only head turns made
while an animal was not walking were counted, but head turn
measures reflect whole body turns as well.

2.8. Histological analysis

At the completion of the behavioral studies, animals were deeply
anaesthetized and perfused intracardially with 0.9% saline, fol-
lowed by 4% formalin solution. Each brain was removed from
the skull and stored in 30% sucrose—formalin solution. The brains
were frozen and cut coronally at 40 wm sections with a cryo-
stat. Every fifth section was taken and stained with Cresyl vio-
let. Measures of the amount of remaining hippocampus, compared
to the hippocampus of control animals, were obtained by pho-
tographing sections (A=—-2.8, A=—4.3, and A=-5.8) 33 hnd
capturing the photos on a computer and then measuring the area
of intact hippocampus using a graphics program (Scion Image).
The area of intact hippocampus was measured from three sec-
tions.

3. Results
3.1. Histology

Representative sections from a control and a hippocam-
pal animal are shown in Eig—2] The NMDA lesions re-
sulted in an extensive loss of cells in Ammon’s horn and
the dentate gyrus, while fibers of the fimbria-fornix ap-
peared largely spared. Approximately 77% of the dorsal
hippocampus at —2.8 mm from bregma was removed with
slight sparing of the most rostral section of the hippocam-
pus. In addition, approximately 89 and 72% of the ventral
hippocampus was removed at —4.3 and —5.8 mm, respec-
tively. Minimal sparing was observed at the most caudal
sections of the hippocampus. There was only slight dam-
age to the overlying corpus callosum and cortex at the sites
of cannula penetration. The lesion extent is consistent with
previous studies involving selective hippocampal damage

Zza7]
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Lesion Control

I || I -2.8 mm
| -4.3 mm

- 58 mm

Fig. 2. Photomicrographs from three rostral-caudal levels from a rat with
a NMDA (N-methyl p-aspartate) injection into the hippocampus (left) and
from a control rat (right). All sections are defined in relation to bregma 3311

3.2. Behavioral results

Both the control and the hippocampal group were ac-
tive in that they traversed wide regions of the table during

Control

Fig. 3. Composite paths of control and hippocampal (HPC) rats on Day 1
(left) and Day 4 (right). The black square represents the location of the cue.

the 30 min test sessions on Day 1 (Eig—3). Activity lev-
els of control rats decreased by Day 4. Behavior consisted
of mainly locomotor progressions interrupted with periodic
stops. Locomotion was mainly directed to the periphery of
the table, especially the portion of the table adjacent to the
cue, but also included occasional trips across the middle por-
tions of the table. During stops the rats made many head
movements that were directed to different portions of the
room. Comparisons of the control group and the hippocam-
pal group on an exhaustive array of behavioral measures
showed that the two groups did not differ in their behav-
ioral profile on the first exploratory session but by the fourth
session, the control group was less active than the hippocam-
pal group on all measures except the dwell time adjacent
to the proximal cue. In contrast, the behavior of the hip-
pocampal group did not differ between the first and the fourth
test.

3.2.1. Cumulative distance

There was no difference in the distance traveled by the con-
trol group and the hippocampal group on Day 1, but by Day
4 the control group decreased their travel distance whereas
the hippocampal group did not (Eig—ZA). An ANOVA on the
total distance did not give a significant difference for group
or day, but the group by day interaction was significant, F(1,
10)=5.178, P=0.05.

16000 -
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12000 -
10000 -
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6000 -
4000
2000

0

(A) ——— Control

=mmm HPC

Distance (cm)

100 1 (B)
80 1
60 -

40

Percent Area

20 1

Day 1 Day 4

Fig. 4. (A) Distance (mean=+S.E.M.) traveled and (B) percent area
(mean + S.E.M.) of table traversed on Days 1 and 4 by control and hip-
pocampal (HPC) rats.
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Control

Fig. 5. Composite stops made by control and hippocampal (HPC) rats on
Day 1 (left) and Day 4 (right). Stop duration is represented by the diameter
of the circles: 0-2, 2-10, 10-60, and 60+ s (black square = cue location).

3.2.2. Percent area

There was no difference in the percent area of the table
traversed by the control group and the hippocampal group on
Day 1, but by Day 4 the control group decreased the area of
the table that they visited while there was no change in the
hippocampal group (Eig—4B). An ANOVA did not give a sig-
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Fig. 6. The number of stops (mean & S.E.M.) as a function of duration (0-2,
2-10, 10-60, and 60+ s) by control and hippocampal (HPC) rats on Days 1
and 4.

nificant group difference in percent area of the table traversed,
but there was a significant effect of day, F(1, 10)=8.478,
P <0.05, and there was a significant group by day interac-
tion, F(1, 10)=4.807, P=0.05.

3.2.3. Stops

EigSTillustrates the location and duration of stops per-
formed by control and hippocampal groups during the Days
1 and 4 exploratory sessions. Note that longer duration stops
were centered in the quadrant adjacent to the proximal cue
for both groups of rats. One control rat, however, made long
stops (set up a home base) to the right of the proximal cue
rather than adjacent to the proximal cue. There was no differ-
ence in the number of stops made by the control group and
the hippocampal group on Day 1, but by Day 4 the control
group decreased their number of stops (Eig—B}H This was con-
firmed by a significant group-by-day interaction showing that
the number of stops by control rats was less than that of the
hippocampal group on Day 4, F(1, 10)=15.879, P <0.005.

3.2.4. Quadrant and annulus preference

Quadrant preference was determined in terms of the quad-
rant and annulus in which the most time was spent. Measure-
ments showed that both the control and hippocampal groups
preferred the quadrant containing the proximal cue (Eig—7A)
and the outer annulus (Eig—7B) of the circular table-top. There

~1” h
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500 1

Target Preference Score (sec)

3000 A

2000 -

N I
0

Day 1 Day 1

Outer Annulus Pref. Score (sec)

Fig. 7. (A) Target quadrant preference (mean =+ S.E.M.) score and (B) outer
annulus preference (mean £ S.E.M.) score on Days 1 and 4 by control and
hippocampal (HPC) rats.
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control and HPC rats on Days 1 and 4. 80 1
were neither significant main effects nor an interaction on the 60 -
preference measures. As noted above, however, one control
rat made its long duration stops to the right of the proximal 40
cue quadrant.
] §\D\Q//’§
3.2.5. Number of excursions 0
Counts of the number of exploratory excursions made ' ' . ‘
away from the outer annulus of the cue quadrant showed a Cue 90 180 270

similar number of excursions by both groups on Day 1, and a
reduction in the number of excursion by the control group on
Day 4 (Ezg—=X)1 An ANOVA on the number of excursions gave
asignificant group day interaction, F(1,10)=5.178, P <0.05,
but no significant main effects.

3.2.6. Head movements and direction

EigTpraphically illustrates the direction and transitions
between head movements in the modal control and hippocam-
pal rat on Day 1 and on Day 4. Note that directional selec-
tion is similar in the two animals but transitional movements
remain high in the hippocampal animal but not the control
animal on Day 4. Stimulus-sampling, estimated by counting
the number of head turns made in the direction of the cue,

Day 1 Day 4

Ry
- [

0 400 800 12001600 O 400 800 1200 1600
Time (sec)

Fig. 9. Time spent oriented toward the cue (black vertical bars) or toward
the rest of the open-field (gray vertical bars) by a representative control rat
and hippocampal (HPC) rat on Day 1 (left) and Day 4 (right).

Head Direction (degrees)

Fig. 10. The number of head turns (mean £ S.E.M.) made toward the cue,
90° from the cue, 180° from the cue, and 270° from the cue for control and
hippocampal (HPC) rats on Days 1 and 4.

and 90°, 180°, and 270° away from the cue, indicated that
the two groups made comparable numbers of head turns on
Day 1, while the control group displayed a reduced number
of head turns on Day 4 (Eig—I0O)l This result was confirmed
by a significant group-by-day interaction, F(1, 10)=7.651,
P<0.05.

4. Discussion

The present study examined the prediction [3Ithat rats
with hippocampal lesions should display an absence of ex-
ploratory behavior. On 4 successive days, control and hip-
pocampal rats were placed onto a circular table near which
was a large salient cue and their movements were measured
in the light of an ethogram (comprehensive description) of
exploratory movements. Both control and hippocampal rats
formed a home base, a location in which they made long stops,
near a proximal cue, made excursions consisting of progres-
sions, punctuated by stops, away from the home base, visited
most regions of the table, and made head scans directed to
different portions of the environment and to the cue. Control
rats and hippocampal rats were not different on the first test
day on these measures, but on the fourth day control animals
were less active on all measures, except immobility near the
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home base, while the behavior of hippocampal rats was un-
changed. These results show that the exploratory movements
of control and hippocampal rats are similar. The failure of hip-
pocampal rats to display “habituation” across the test sessions
cannot of itself indicate an absence or even an abnormality
in movement organization. Nevertheless, it is consistent with
previous evidence that rats with hippocampal lesions are dif-
ferent, especially in sustaining reactivity to salient aspects of
a testing situation.

O’Keefe and Nadel’s 3BT tonclusion that rats with hip-
pocampal lesions display no exploratory behavior was based
upon the hypothesis that the hippocampus serves as a cogni-
tive map requiring environmental information derived from
exploration. The conclusion was supported by a literature
review that was interpreted as showing that: (1) hippocam-
pal rats are unresponsive to unfamiliarity, (2) explore novel
items less than control animals, (3) are hyperactive, and (4)
and do not spontaneously alternate. Whereas the hypothesis
that the hippocampus serves as a cognitive map has received
extensive examination [ZZ 33 Jthere has not been similar in-
terest in the predication that the hippocampus is required
for exploration. Furthermore, only recently has an objec-
tive ethogram of rat exploratory behavior been developed
[ZZTI6 T7T Wwhich could allow a direct assessment of the be-
havioral profile of hippocampal rats in novel situations. The
present study took advantage of this ethogram to reassess
the idea that exploratory behavior is absent in rats with hip-
pocampal lesions.

Control rats were compared to rats that received NMDA
neurotoxic lesions of the hippocampus, which remove most
of the pyramidal cells of the CA regions of Ammon’s horn
and the granule cells of the dentate gyrus ZITThe rats were
placed on a large open table. A salient cue was placed near the
table as a landmark for home base formation. Both control
and hippocampal rats spent a majority of their time in the
quadrant adjacent to the landmark and made excursions and
returns to the quadrant adjacent to the cue. Additionally, when
they were relatively immobile (not walking) it was in the
quadrant adjacent to the landmark. This pattern of behavior
suggests that this quadrant of the table becomes their home
base ZT6 TTT]

On the measures of exploratory movements obtained from
the first test, control and hippocampal rats were surprisingly
similar. Similar behavior included the distance that they trav-
eled, area of the maze that was traversed, the time spent near
the cue, number of stops and stopping time, and number of
head turns directed to the room and to the cue.

Despite the overall pattern of the main effects of the be-
havioral measures, there were interesting individual differ-
ences in the behavior of the rats. One control rat established
a home base about one quadrant away from the proximal cue.
We have observed that in the absence of a salient proximal
cue, rats will establish a home base adjacent to a distinctive
room cue LZT6 T7T hnd this animal established its home base
proximal to a book case. In all other respects, this animal’s
behavior was similar to that of the other control rats. One

hippocampal animal also failed to engage in any locomotor
activity in any test situation, and rather remained close to the
proximal cue. It is possible that for this animal the cue was so
dominant as to suppress locomotor activity, as occurs when
an animal is given a refuge [ZZ]Future research could exam-
ine the significance of the salience of ambient cues to control
and hippocampal rats.

In so far as behavioral measures used in this study indi-
cate exploratory behavior, these results do not support the
hypothesis that hippocampal rats do not explore and addi-
tionally they are inconsistent with most of the evidence upon
which that hypothesis was based. On the first test day the
hippocampal rats made the same movements used by control
rats. They made many alternating head movements directed
toward and away from the cue, movements that suggest they
evaluated room cues ESIZIZ 25T 1They walked to novel re-
gions of the table and they visited as many regions of the table
as did the control rats. In order to visit all regions of the table,
rats had to make many trips away from their preferred “home
base” along novel routes. Additionally, the hippocampal rats
were no more active than were the control rats.

These results are consistent with many other studies that
show that rats with hippocampal lesions are responsive as
control rats to both proximal cues that serve as landmarks
and to distal cues that mark the rats’ own position or the
position of objects in the room. For example hippocampal
rats do respond to ambient cues, and display both instru-
mental MO T2 26T hnd latent [T& 28T learning in response to
ambient cues. Furthermore, rats with hippocampal lesions
do explore novel objects ZIZ30 37T Jand respond to changes
in the arrangement of those objects [LZ& AU 1The contribu-
tion of the present study is the finding that in response to the
configuration of room cues provided by the novel test situ-
ation, both the control and hippocampal rats formed home
bases near a salient landmark, made trips characterized by
progressions and stops in relation to the home base, and ex-
amined the test room equally using both head movements
and locomotion. In short, the ethogram of both groups was
similar.

What was distinctive about the behavior of the hippocam-
pal rats in the present study was that they displayed an almost
unchanged pattern of behavior after a number of successive
exposures to the table, whereas the control rats showed re-
ductions in the incidence of all behaviors except time spent
immobile in the region of the table near the cue. The per-
sistent activity of the hippocampal rats cannot be taken as
an indication that hippocampal rats do not explore, how-
ever. Rather, because their pattern of behavior on the fourth
day resembles that of both groups on the first day, it could
be argued that they display hyperexploratory behavior. Such
behavioral persistence is symptomatic of hippocampal rats
in many test situations [3T_Table AT4T] For example, hip-
pocampal rats display faster running speeds in maze tests
[T Ishow higher peaks of activity in tests of circadian activity
[MI AT hre more responsive in tests of amphetamine induced
locomotion [XZ33]] schedule induced behavior [E33. 3911
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adjunctive behavior [Z&Jand to administration of electrical
brain stimulation 2411

Although the exploratory ethogram used by hippocampal
rats is not obviously abnormal in terms of the expression of
movements, it is nevertheless relevant to consider whether
the animals profit from their exploratory experience. Using a
similar experimental design to that used here, Hines [T&]4nd
Hines and Whishaw [TZ]have found that when the visual
cue was removed after control and hippocampal rats were
exposed to the test apparatus for four days, both groups es-
tablished their home base in the same location. This result
demonstrates that hippocampal animals had learned the lo-
cation of the home base relative to surrounding room cues
even though not required to do so. That is, they profited suffi-
ciently from their exploratory experience to learn the location
of their home base in relation to other room cues. This conclu-
sion is consistent with other work showing that hippocampal
rats can learn about places in their environment even when
not required to do so [Z; 46,4811

Even though hippocampal rats display hyperresponsivity
to many test situations 3L Table ATAT]this aspect of their
behavior is not invariant. In an exploratory test situation very
similar to that used in the present study, except that the rats
were provided with a refuge box from which to explore,
no differences in activity were observed over a number of
test days in control versus hippocampal rats because neither
group made many excursions from the refuge [Z2] T hus, it is
not clear whether rats in “exploratory” tests situations, such
as that described here, are exploring as opposed to attempt-
ing to find an exit from the test situation. It is interesting
in this respect that the hippocampus has many cortisone re-
ceptors, which have been implicated in responses made to
stress-inducing stimuli 36 dThus, it is possible that control
and hippocampal animals display differential responses to
“stress-inducing” features of certain testing situations [I3T]
as opposed to displaying differences in habituation of “ex-
ploratory” behavior. This idea could be systematically exam-
ined in future work.

In conclusion, in considering the issue of whether hip-
pocampal rats explore, it is important to note that what con-
stitutes exploration is inferential [ZJ1The present findings
only show that hippocampal rats display a behavioral pattern
that is very similar to that of control animals in an open field
test. This pattern of behavior has been hypothesized to be ex-
ploratory in nature. Thus, if the test and behavioral measures
used here define exploration, the results do not confirm the
prediction that hippocampal lesions abolish exploratory be-
havior. This is not to say that hippocampal rats do not display
behaviors that are different from those of control rats. In the
present study, they displayed sustained “exploratory” behav-
ior across repeated tests. They also tended to spend more time
near the edges of the table than did control rats [ZZ]1In other
studies, hippocampal rats have been shown not to display the
dead reckoning homing of control rats [22301In sum, al-
though the behavioral measures used in the present study do
not support the prediction that all exploratory behavior in an

open field test is abolished by hippocampal lesions, they nev-
ertheless raise the interesting question of what contribution
the hippocampus makes to time-dependent features of testing
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