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Hippocampal Lesions Impair Contextual Fear Conditioning
in Two Strains of Mice
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Two different strains of mice, C57TBL/6J and BALB/c, with hippocampal, cortical, or sham lesions, -
underwent contextual fear conditioning. In both strains, contextual fear, as measured by the
freezing response, was significantly impaired in hippocampus-lesioned animals compared with
sham control animals. Fear conditioning was not affected in the cortical-lesioned group. Moreaver,
there was a strain difference in fear conditioning: The C5TBL/&J mice exhibited freezing more
frequently than the BALB/c mice. Consistent with previous hippocampal lesion studies in rats,
these results indicate that contextual fear conditioning in mice also requires the intact hippocam-
pus. This study provides a basis for evaluating hippocampal synaptic mechanisms in relation to
contextual fear conditioning in widely available gene knockout or transgenic mice,

The hippocampus is critical for learning and memory of
spatial, contextual, temporal, and declarative information (for
reviews, see Eichenbaum, Otto, & Cohen, 1992; Squire, 1992).
Lesion studies indicate that the integrity of the hippocampus is
essential for a variety of memory tasks in many species,
including delayed nonmatching to sample in monkeys (Zola-
Morgan & Squire, 1990), spatial learning in rats {Gallagher &
Holland, 1992; Morris, Garrud, Rawlins, & O’'Keefe, 1982),
and trace eyeblink conditioning in rabbits (Kim, Clark, &
Thompson, 1995; Moyer, Deyo, & Disterhoft, 1990; Solomon,
Vander Schaaf, Thompson, & Weisz, 1986). In contextual fear
conditioning, an animal is placed in a novel experimental
chamber and presented with mild footshocks. The animal
rapidly forms an association between the footshock and the
contextual cues of the chamber and reacts by freezing (Blan-
chard & Blanchard, 1969; Bolles, 1970). Hippocampal lesions
significantly disrupt acquisition and retention of contextual
fear in rats (Blanchard & Fial, 1968; Kim & Fanselow, 1992;
Kim, Rison, & Fanselow, 1993; Phillips & LeDoux, 1992).

Many recent studies have applied the paradigm of contex-
tual fear conditioning to genetically engineered mice; interpre-
tations of those studies have to rely on the evidence generated
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in rat or monkey lesion studies for establishing the relevance ¢
hippocampal deficiency to this memory task (for reviews, se
Chen & Tonegawa, 1995; Mayford, Abel, & Kandel, 1995). Fc
example, various degrees of impairments in contextual fes
conditioning are found in various gene knockout mics incluc
ing PKCvy (Abeliovich et al, 1993), mGluR1 (Aiba et al
1994), aCaMKII (Chen, Rainnie, Greene, & Tonegawa, 1594
and CREB (Bourtchuladze et al., 1994). However, it has no
been determined whether hippocampal lesions per se affec
this learning task in mice. In this study, we investigated the
effect of hippocampal lesions on contextual fear conditioning
in two widely used strains of laboratory mice, C5TBL/6J anc
BAIB/c.

Method

Subjects and Surgery

A total of 52 adult mice (weighing between 20 and 30 g) were used.
The CSTBL/&J mice consisted of 14 males and 14 females, whereas all
24 BALB/c mice were males. Animals were individually housed with
ad-lib access to food and water and maintained on a 12-hr light-darik
cycle at the MIT mouse colony. All test procedures were conducted
during the light phase of the cycle.

Under sodium pentobarbital (65 mg/kg) anesthesia, hippocampus
(r =10 for C57TBL/6J and n =8 for BALE/c), overlying cortex
(r = 10 for C5TBL/6J and n = 8 for BALB/c), or both were aspirated
bilaterally using a curved glass pipette. Gelfoam sponges soaked with
thrombin were placed on the brain to stop the bleeding. Sham controls
(n = 8 for both strains) underwent an identical procedure except for
the aspiration. In CS7BL/6J mice, sach group consisted of equal
numbers of males and females. All mice were given 10 days of
postoperative recovery. Five C5TEL/6J mice and 2 BATB/c mice died
of anesthesia or surgery. One week before conditioning, mice were
handled daily to reduce stress.
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Apparatus and Procedure

Both training and testing took place in a small rodent chamber
(Coulbourn Instruments, Allentown, PA) placed in a sound-attenuat-
ing box. A ventilation fan supplied background noise (75 dB). The
fioor of the chamber was composed of stainless steel rods (5 mm
diameter, spaced 1 cm apart), which were connected to a scrambled
shock generator. The chamber was cleaned with a 1% solution of
acetic acid and dried prior to conditioning and testing each mouse.

On the day of conditioning, subjects were placed in the chamber.
After 3 min, mice received three mild footshocks (0.5 mA, 1 5 duration,
60 s apart). They were removed 60 s after the last shock and returned
to their home cage. On the following day, animals were placed back in
the chamber for an 8-min test in the absence of shock. Behavior was
videotaped throughout the experiment. For both conditioning and test
sessions, freezing response, characterized by a motionless, crouching
posture, was assessed using a time-sampling procedure in which an
observer blind to mouse treatments scored each animal every 2 s.
Percentage freezing per minute was then calculated by dividing the
number of freezing episodes by the total number of observations and
multiplying by 100.

Histology

At the conclusion of the experiment, mice were deeply anesthetized
with metofane and perfused intracardially with 0.9% saline followed
by 10% formalin. The brains were sectioned using a cryvostat (60 pm
thickness), mounted on gelatinized slides, and stained with cresyl
violet.

Results

Figure 1 shows a photomicrograph of a transverse brain
section stained with cresyl violet from a typical mouse in the
hippocampus-lesioned group. Mice in this group sustained
substantial bilateral destruction of the dorsal hippocampus.

The overlying cortex, the corpus callosum, and the fimbria
were also damaged. Lesions in the cortical group consisted of
the region of neocortex and corpus callosum, which overlie the
hippocampus.

Previously, fear conditioning had been examined in several
strains of wild-type or gene knockout mice, and no gender
difference had been observed (Abeliovich et al., 1993: Aiba et
al., 1994; Chen et al., 1994). Consistent with these studies, we
did not detect any difference in freezing response between
male and female mice in the present study. Therefore, the fear
conditioning data were pooled across gender for the C57BL/&]
strain, whereas only male mice were used for the BALB/c
strain.

Figure 2A shows the mean percentage of freezing exhibited
by sham-, cortex-, and hippocampus-lesioned groups from the
C57BL/6] strain. In the conditioning phase (Figure 2A), none
of the groups exhibited freezing behavior prior to the foot-
shocks. During the three 1-min intervals following the foot-

_/shocks, all groups displayed postshock freezing that increased

linearly over the number of footshocks. Although hippocampus-
lesioned mice appear to show less postshock freezing than
sham- or cortex-lesioned mice, a one-way analysis of variance
({ANOVA) indicated that there were no reliable group differ-
ences in postshock freezing, F(2, 22) = 3.09, p > 05 In
contrast, when behavior was observed the next day (Figure
2B), hippocampus-lesioned mice exhibited significantly lower
freezing than either sham- or cortex-lesioned mice, F(2, 23) =
11.92, both ps < .01 (Newman—Keuls tests). The cortex- and
sham-lesioned groups did not differ from each other.

In contrast to C57TBL/6J mice, BALB/c mice exhibited very
little freezing response (Figures 2C and 2D). Following foot-
shocks, none of the groups displayed appreciable freezing
(Figure 2C). When mice were tested 24 hr after conditioning,

Figurel. A photomicrograph of transverse brain section stained with cresyl violet from a typical mouse in

the hippocampal-aspirated group.
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Figure 2. Mean (= SEM) percentage of freezing displayed by hippo-
campus-, cortex-, and sham-lesioned mice of C5TBI/6 strain during
{A) and 24 hr after (B) conditioning, and three groups of BALB/c
strain (C, D).

hippocampus-lesioned mice showed practically no freezing
response (Figure 2D). Both cortex- and sham-lesioned groups
displayed small amounts of freezing, but overall they did not
differ significantly from the hippocampal-lesioned group, F(2,
21) = 254, p > .05. There was, however, a Group x Time
interaction, F(14, 154) = 2.99, p < .01, suggesting differences
in freezing response among the three groups across 8 min of
testing. ANOVAs at each time showed that hippocampus-
lesioned mice froze significantly less than both cortex- and
sham-lesioned mice on the first minute of testing, F(2, 21) =
4.25, both ps < .05 (Newman-Keuls tests), and considerably
less than sham-lesioned mice on the second minute of testing,
F(2, 21) = 4.76, p < .05. No reliable group differences were
observed at any other times.

Owerall, the BALB/c mice exhibited significantly less freez-
ing than the C57BL/6] mice, both immediately following
footshocks, F(1, 44) = 5790, p < .01, and 24 hr after
conditioning, F(1,44) = 13.24, p < 01.

Discussion

Hippocampal lesions, but not overlying cortical lesions,
disrupted the freezing response elicited by the contaxtual cues
of the chamber 24 hr after training in both C57BL/6J and
BALB/c mice. These results are consistent with findings
reported in rat studies (Blanchard & Fial, 1968; Kim &
Fanselow, 1992; Kim et al., 1993; Phillips & LeDoux, 1992).

The freezing that occurred immediately following the fi
shock, however, was not affected by the hippocampal les
This preservation of immediate postshock freezing has =
been reported with both electrolytic and neurotoxic lesion:
rats (Kim et al., 1993; Young, Bohenek, & Fanselow, 19¢
Because hippocampal-lesioned mice exhibited postshock fre
ing comparable with that of control mice, the deficit in freez
observed 24 hr after training is unlikely due to the anim:
inability to freeze. Rather, hippocampal lesions seem
interfere with the long-term memory (24 hr) of contextual fe:
Considerable evidence in rats indicates that postshock freezi
is entirely a conditioned response that results from an assoc
tion between the contextual cues of the chamber and tl
footshock (Blanchard, Fukunaga, & Blanchard, 1976; Fanselo
1986). Thus, the present mouse study supports the notion th
the hippocampus is important for the long-term memory «
contextual fear.

There was a strain difference in the freezing respons
Whereas the CSTBL/6J mice displayed robust freezing bot
immediately and 24 hr after the footshocks, the BALB/c mic
exhibited very little freezing at both times (the lack of freezin
was more pronounced immediately after the footshocks’
Thus, for future studies of genetically engineered mice usin,
the contextual fear conditioning paradigm, the CS3TBL/6
strain or hybrids of this and another strain may be more usefu
than the BALB/c strain.

In conclusion, our results provide a basis for using genetic
mutant mice to study molecular and cellular mechanisms
underlying the hippocampus-dependent memory of contextual
fear. Our findings of hippocampal functions in mice are
consistent with numerous previous studies using rats and other
animals.
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