
Abstract Embedded within contemporary views of emo-
tional learning is a well-founded agreement that the
amygdala plays a pivotal role in the formation and con-
solidation of aversive memories formed during fear con-
ditioning. However, it is important to determine whether
observed deficits are reflective of a memory impairment
or whether they are simply attributable to a deficit in the
performance of unconditioned fear responses such as
freezing. Within the neurobiology of learning and mem-
ory literature, there is an ongoing debate concerning 
the potential role of the amygdala in the performance 
of unconditioned fear responses. A view put forth by
Vazdarjanova and McGaugh (1998) suggests that the
amygdala is not required for the formation and consoli-
dation of the aversive memories formed during fear con-
ditioning, but is essential in the performance of uncondi-
tioned fear responses. Data provided by Maren (1999)
counter this view by positing that the amygdala is not re-
quired for the performance of fear responses, but its role
is of a mnemonic nature in the conditioning of fear to
neutral cues. To clarify the amygdala’s participation in
these two processes, a useful approach would involve a
situation where animals with amygdala damage were ex-
amined for their unconditioned fear responses in reaction
to footshock as well as the conditioning of these reac-
tions to previously neutral cues paired with the aversive
event. We have previously reported that rats with amyg-
dala or hippocampal damage are impaired in discrimina-
tive fear conditioning to context. In the present experi-
ment, we report the initial unconditioned fear responses
to footshock by these same animals as well as the condi-
tioned responses during testing. In both groups, the fear
responses assessed (freezing, urination, defecation, and
locomotion) were not impaired and did not differ from
those expressed by the sham animals. The impairment of
discriminative fear conditioning to context, in combina-
tion with the present experiment, represents a dissocia-

tion where damage to specific memory structures (amyg-
dala or hippocampus) debilitates the mnemonic process-
es involved in fear conditioning, but not the performance
of the fear responses per se.
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Introduction

Fear plays an important part in the life of many organisms
as it involves the nervous system’s ability to detect danger
and produce defensive responses critical for survival. In
many species, a common pattern of behavioral responses
includes withdrawal (avoidance or escape) from the dan-
ger, somatomotor immobility (freezing), a host of auto-
nomic adjustments, such as changes in arterial pressure
and heart rate (Blanchard and Blanchard 1972; Iwata and
LeDoux 1988) as well as the release of stress hormones
and hypoalgesia. A good example of an aversive event
that elicits these behavioral and physiological responses is
footshock. Areas of the central nervous system that con-
trol the unconditioned emergence of fear responses in-
clude regions of the brainstem involved in the mediation
of cardiovascular responses (Hopkins and Holstege 1978;
Holstege 1996). Areas of the hypothalamus have been im-
plicated in the production of ultrasonic vocalizations in
stressful and potentially dangerous situations (Brudzynski
and Bihari 1990). The amygdala participates in the condi-
tioning of autonomic fear responses through its projec-
tions to the hypothalamus, which in turn project to brain-
stem areas and spinal premotor neurons of the autonomic
nervous system. The amygdala also mediates the condi-
tioning of behavioral fear responses through its projec-
tions to the midbrain central gray (LeDoux et al. 1988).

Lesions of the amygdala eliminate or attenuate 
the fear elicited in response to a stimulus formerly
pai-red with footshock (Blanchard and Blanchard 1972; 
Hitchock and Davis 1986; LeDoux et al. 1990; Davis
1992; Fanselow and Kim 1994).
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The idea that the impairment reflects a change in
emotionality rather than a learning deficit emerged from
the observation that monkeys with lesions of the amyg-
dala were insensitive to stimuli that normally evoked in-
tense fear (Kluver and Bucy 1939; Weiskrantz 1956).
Along the same lines, researchers examined the effects
of amygdala lesions on emotional responses to condi-
tioned and unconditioned threat stimuli (Blanchard and
Blanchard 1972). The presentation of a cat served as the
innate fear stimulus, and the change of the rat’s reaction
to the threat stimulus, i.e., approach and contact, served
to illustrate that amygdala lesions resulted in the altera-
tion of species-typical defensive reactions (Blanchard
and Blanchard 1972).

The use of different fear responses used to index in-
nate fear have produced results that are inconsistent with
the notion that amygdala lesions result in a change of re-
action to threatening stimuli. Large amygdala lesions
have been found to reduce open field activity, a behavior
that is indicative of reduced fear (Grossman et al. 1975).
However, handling (Kemble et al. 1979) as well as the
age of the organism when the lesion was performed can
eliminate this effect (Eclancher and Karli 1979). Similar-
ly, latency to begin eating in a novel environment, a
measure of neophobia, does not change consistently with
amygdala lesions (cf. Aggleton et al. 1989). Defecation,
a fear response that occurs in reaction to a fearful event
such as a footshock has been shown to condition to a
fearful environment (Vanderwolf et al. 1988; Sutherland
and McDonald 1990; Avanzi et al. 1998; Antoniadis and
McDonald 1999). Unconditioned defecation to footshock
has been previously examined in control rats as well 
as in rats with amygdala and hippocampus lesions 
(Sutherland and McDonald 1990). Interestingly, all three
groups showed a similar increase in defecation over
baseline, indicating that amygdala lesions do not neces-
sarily alter reactions to aversive stimuli, at least when
the fear response assessed is defecation.

In addition, the participation of the hippocampus in
unconditioned fear has also been examined and reports
have also been discrepant. In one study, hippocampal 
lesions produced a decrement in defensive immobility
reactions, a marker of altered emotionality, while the
avoidance response to a conditioned stimulus remained
intact (Blanchard et al. 1970). That unconditioned defe-
cation was not affected by hippocampal lesions in the
aforementioned experiment seems to suggest that the
hippocampus is not involved in defensive reactions
(Sutherland and McDonald 1990).

Taken together, these contrasting findings are not
clear about the participation of the amygdala and hippo-
campus in fear reactions. These inconsistencies encour-
aged us to examine the role that the amygdala and the
hippocampus play in unconditioned fear, with the simul-
taneous assessment of multiple measures of fear in-
cluding freezing, urination, defecation, and locomotion.
These measures have been shown to condition to a fear-
ful context (Antoniadis and McDonald 1999) and may
help to clarify the participation of the hippocampus and

the amygdala in unconditioned fear. The results presen-
ted in this paper are from the training phase of a fear
conditioning to context experiment, and some of the test-
ing data has appeared in a recently published paper by
Antoniadis and McDonald (2000). Therefore, this pro-
vides an assessment of fear responses in the same ani-
mals within the three groups (amygdala or hippocampus
lesions and shams) at the training phase (unconditioned
responses) and the testing phase (conditioned responses).

Materials and methods

Subjects

Twenty-four male Long-Evans rats were used. The animals were
housed individually in single Plexiglas cages (24 cm long × 22 cm
wide × 20 cm high) and were maintained on a 12:12-h light-dark
cycle. The rats weighed approximately 300–325 g at their arrival
and were given free access to food and water. The principles of
laboratory animal care (NIH Publication no. 86–23, revised 1985)
were upheld.

Apparatus

A white square prism (41 cm long × 41 cm wide × 29 cm high)
and a black triangle prism (61 cm long × 61 cm wide × 30 cm
high) served as the shock-chambers. Isoamyl acetate served as the
olfactory cue in the black triangle prism and eucalyptus served as
the olfactory cue in the white square. A camera placed 2 feet in
front of the mirror allowed the experimenter to video tape ongoing
behavior. The training phase was conducted in two different rooms
within two different laboratories. Animals experienced the shock
chamber in the “shock room” and the safe chamber in the “no-
shock room”. The entire apparatus including the chambers, the
shock generator, the video camera and the mirror were transported
back and forth on a trolley. For the testing phase, the shock cham-
ber was referred to as the “paired context”, and the safe chamber
was referred to as the “unpaired context”. In order to assess condi-
tioning to the chamber and not any fear acquired by the room or
any part of the procedure, all testing took place in the “no-shock
room” for the testing phase of the experiment. As such, greater
fear in the paired context during testing expressed by one or many
of the measures assessed can only be attributed to the aversive
properties acquired by the paired context.

Surgery

All rats undergoing surgery were first injected with 0.2 ml of atro-
pine to facilitate respiration and were subsequently anaesthetized
with sodium pentobarbital (65 mg/kg i.p.). The rats were random-
ly assigned to one of the three treatment groups: amygdala dam-
age, hippocampus damage, and sham lesion. Eight animals were
assigned to each group. Bilateral neurotoxic lesions were made 
using the Paxinos and Watson atlas to locate all coordinates.
(Paxinos and Watson 1982) Lesions were stereotaxically placed
and the coordinates were measured in relation to bregma and the
skull surface. Neurotoxic lesions of the hippocampus were made
with injections of NMDA infused through 30-gauge stainless-steel
cannulae over 3 min. The injection coordinates were: 3.1 mm pos-
terior, 1 mm lateral, and 3.6 mm ventral; 3.1 mm posterior,
2.0 mm lateral, and 3.6 mm ventral; 4.1 mm posterior, 2.0 mm lat-
eral, and 4.0 mm ventral; 4.1 mm posterior, 3.5 mm lateral, and
4.0 mm ventral; 5.0 mm posterior, 3.0 mm lateral, and 4.1 mm
ventral; 5.0 mm posterior, 5.2 mm lateral, and 5.0 mm ventral;
5.0 mm posterior, 5.2 mm lateral, and 7.3 mm ventral; 5.8 mm
posterior, 4.4 mm lateral, and 4.4 mm ventral; 5.8 mm posterior,
5.1 mm lateral, and 6.2 mm ventral; 5.8 mm posterior, 5.1 mm lat-



“no-shock room” for both days. Animals were placed in the mid-
dle alley and were given free access to the experimental apparatus
for a total period of 10 min each day.

Training

During the training phase of the experiment, each daily trial lasted
5 min. On day one of each training session, half of the animals
within each group were confined in their assigned shock chamber,
i.e., the to-be “paired context”, and received one set of three foot-
shocks (1 mA) at the 2-, 3-, and 4-min mark of the training ses-
sion. For all the measures assessed, comparisons were established
before the beginning of the shock treatment, i.e., from the 0- to 
2-min mark, and after the beginning of the shock administration,
i.e., from the 3- to 5-min mark. The other half of the rats within
each group were confined in their assigned safe chamber, i.e., the
to-be “unpaired context”, in the “no-shock room”. The chamber
that served as the shock-chamber was counterbalanced so that half
the animals experienced the aversive event in the black triangle
and the other half experienced the aversive event in the white
square. All animals experienced the shock chamber in the shock
room. The order in which the animals experienced each context
was also counterbalanced so that half the animals were confined in
their shock chamber on day one for 5 min and confined in the safe
chamber on day two for 5 min. Animals always experienced the
shock chamber in the “shock room” and the safe chamber in the
“no-shock room”. We only report the first conditioning session be-
cause it seems to be the only instance that is reflective of uncondi-
tioned fear responding.

Testing

As an attempt to capture the amount of fear conditioned to the
chamber as opposed to any fear that may have generalized to the
room, all testing took place in the “no-shock room”. Testing oc-
curred on two consecutive days. Half of the animals were individ-
ually confined in the paired context on day one of the session, and
the other half experienced the paired context on day two of the
session. Each test lasted for 20 min. The conditioning and testing
sequence was repeated three times.

Results

Histology

Figure 1 shows reconstructions of the smallest (darkened
area) and the largest (striped area) lesions of the amygdala.
As can be seen, large portions of both the anterior and pos-
terior amygdala were damaged. Neurotoxic lesions of the
amygdala produced extensive cell loss and gliosis in the
central, basolateral, and lateral nuclei of the amygdala. One
of the rats in the amygdala-lesion group also sustained
damage to the piriform cortex unilaterally. Based on the le-
sion sites, three rats were removed from the group. One rat
sustained unilateral damage to the dorsal amygdala that ex-
tended to the caudate putamen. The second rat sustained
posterior hippocampal damage unilaterally, and the third
rat had unilateral damage to the amygdala.

Figure 2 shows reconstructions of the smallest (dark-
ened area) and the largest (striped area) lesions of the
hippocampus. The animals included in this group had
large lesions of both dorsal and ventral portions of the
hippocampus. Neurotoxic lesions of the hippocampus
produced substantial cell loss and gliosis in the hippo-
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eral, and 7.5 mm ventral. The total volume injected in the hippo-
campus was 2.10 µl. The amygdala was also damaged by NMDA
infusion. The coordinates were: 2.3 mm posterior, 4.8 mm lateral,
and 9.4 mm ventral; 3.3 mm posterior, 4.6 mm lateral, and 9.4 mm
ventral. The total volume injected in the amygdala was 1.6 µl. 
Prior to NMDA injections all animals received 0.1 ml valium to
prevent the occurrence of any seizures. Upon completion, the inci-
sion was closed using stainless-steel wound clips. Hibotane was
applied to the incision site. Following the lesion, animals were 
allowed to recover for 7 days before the transmitter implantation
operation.

Histology

Subsequent to the completion of behavioral testing, all animals were
anesthetized with somnotol and perfused cardially with 0.9% saline
and 4% paraformaldehyde. Brains were removed and stored in 20%
sucrose, 4% paraformaldehyde overnight and cut at –17° C with a
cryostat. Coronal sections (40 µm) were cut from tissue of the hip-
pocampus and amygdala lesioned groups. These sections were
mounted on gelatin-coated slides and stained with cresyl violet. Le-
sions were then examined under a light microscope and reconstruct-
ed on rat brain atlas sections from (Paxinos and Watson 1982).

Freezing

Freezing was defined as a total absence of body or head move-
ment, except that associated with breathing. Video tapes were
scored by the experimenter at the end of the experiment, and this
measure of fear was quantified in amount of time spent freezing in
seconds.

Urination

The experimenter counted the number of emissions by each ani-
mal and confirmed the initial assessment by scoring the video
tapes.

Locomotion

Equi-distant lines (2 inches) perpendicular to the chamber grids
were drawn on the Plexiglas table and were used to quantify loco-
motor behavior. The number of times that the animal crossed any
of the lines served as an index of the amount of locomotion. This
measure was also assessed by scoring the video tapes.

Defecation

The experimenter counted the number of feces produced by each
animal and confirmed initial assessment by scoring the video
tapes.

Procedure

Handling

Animals were handled individually by the experimenter for 3 min
within each room (the shock room and the no-shock room) for 4
consecutive days. This was done in an attempt to render the room
and the experimenter neutral. The order in which the animals ex-
perienced the rooms was counterbalanced.

Pre-exposure

This phase consisted of pre-exposure to the entire apparatus for 2
consecutive days (10 min/day). This pre-exposure occurred in the
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campus. All of the lesions in the hippocampal group
were virtually identical in extent of damage, except for
one animal that had some bilateral sparing of the ventral
portions of the hippocampus.

Training phase

Freezing

Figure 3 (top left) shows the mean amount of time that
the rats in the three different groups spent freezing in

their respective shock chamber before (2 min) and after
(3 min) the footshock. The graph shows that the three
groups spent more time freezing subsequent to the shock
administration. A 3 (group) × 2 (time: pre-shock versus
post-shock) ANOVA revealed a non-significant group
effect [F(2,21)=0.13, P>0.05], a significant time effect
[F(1,21)=235.46, P<0.05], and a non-significant group ×

Fig. 1 Drawings of neurotoxic amygdala lesions. The darkened
area represents the minimum extent of all lesions for all rats and
the striped area represents the maximum extent of all lesions for
all rats

Fig. 2 Drawings of neurotoxic lesions of the hippocampus. The
striped areas represent the maximum extent of all lesions, and the
darkened areas represent the minimum extent of all lesions
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time interaction [F(2,21)=1.04, P>0.05]. Planned com-
parisons indicated a significant difference in the amount
of time spent freezing before and after the shock in all
three groups (P<0.05)

Urination

Figure 3 (top right) shows the mean amount of emissions
for the three groups of rats in the shock chamber. The
graph illustrates that more emissions were produced sub-
sequent to the shock administration for all groups. A
3 (group) × 2 (time) ANOVA indicated a non-significant
group effect [F(2,21)=0.70, P>0.05], a significant time
effect [F(1,21)=43.01, P<0.05], and a non-significant in-
teraction [F(2,21)=0.06, P>0.05]. Planned comparisons
on each group revealed a significant difference in emis-
sions between the two time points for the all groups
(P<0.05).

Defecation

Figure 3 shows the mean amount of feces produced in the
shock chamber and illustrates that all three groups pro-
duced more fecal matter subsequent to the shock adminis-
tration. A 3×2 ANOVA revealed a non-significant group
effect [F(2,21)=.06, P>0.05], a significant time effect

[F(1,21)=60.42, P<0.05], and a non-significant interac-
tion [F(2,21)=.14, P>0.05]. Planned comparisons re-
vealed that the difference in defecation between the two
time points was significant for all groups (P<0.05). These
results suggest that unconditioned defecation is a measure
of fear that is not affected by either lesion examined.

Locomotion

Figure 3 (bottom right) shows the mean level of locomo-
tion expressed in number of crossings. A 3×2 ANOVA
revealed a non-significant group effect [F(2,21)=0.38,
P<0.05], a significant time effect, [F(1,21)=76.72,
P<0.05], and a non-significant interaction, [F(2,21)=
0.60, P>0.05]. Planned comparisons revealed that the
lack of locomotion after shock onset, relative to the high
level of locomotion before shock administration, reflects
the level of fear that was unaffected by either lesion ex-
amined.

Testing phase

Freezing

Figure 4A shows the mean amount of time the rats in 
the three different groups spent freezing in the paired

Fig. 3 Top left Mean amount of
time spent freezing (in sec-
onds) before (pre-shock) and
after (post-shock) shock ad-
ministration for the animals
with amygdala (AMG) or hippo-
campus (HPC) damage and the
sham group (SHAM). Top right
Mean number of emissions of
urine before (pre-shock) and
after (post-shock) shock admin-
istration for the animals with
amygdala or hippocampus
damage and the sham group.
Bottom left Mean amount of 
fecal matter (number of feces)
emitted before (pre-shock) and
after (post-shock) shock admin-
istration for the animals with
amygdala or hippocampus
damage and the sham group.
Bottom right Mean number of
line crossings before (pre-
shock) and after (post-shock)
shock administration for the
animals with amygdala or 
hippocampus damage and the
sham group
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Fig. 4 A Mean amount of time
(in seconds) spent freezing in
the paired and unpaired cham-
bers during test sessions 1, 2,
and 3 by rats with amygdala
(amg) or hippocampus (hpc) le-
sions and the sham animals
(sham). B Mean number of
emissions of urine in the paired
and unpaired context during
test session 1, 2, and 3 by rats
with amygdala or hippocampus
lesions and the sham animals.
C Mean amount of fecal matter
(number of feces) emitted in
the paired and unpaired context
during test session 1, 2, and 3
by rats with amygdala or hippo-
campus lesions and the sham
animals. D Mean level of loco-
motion (number of crossings)
in the paired and unpaired con-
text during test sessions 1, 2,
and 3 for rats with amygdala or
hippocampus lesions and the
sham animals



and unpaired contexts during the three testing sessions.
The graph shows that the sham animals spent more 
time freezing in the paired than in the unpaired context
at all three testing sessions [F(1,21)=5.93, P<0.05;
F(1,21)=5.93, P<0.05; F(1,21)=41.45, P<0.05; respec-
tively]. The amygdala- and hippocampus-lesioned ani-
mals showed no notable discrimination in their freezing
behavior at either session (P>0.05).

Urination

Figure 4B shows the mean level of urination for the three
groups across the three testing sessions. For the sham
group, urination was consistently greater in the paired
context at test session 1 [F(1,21)=6.58, P<0.05], session
2 [F(1,21)=6.58, P<0.05], and session 3 [F(1,21)=8.40,
P<0.05]. For the amygdala-lesioned group, the level of
urination only became higher in the paired context at
session 3 [F(1,21)=5.83, P<0.05], while the hippocam-
pus lesioned group demonstrated this discrimination at
test session 2 [F(1,21)=7.03, P<0.05] and test session 3
[F(1,21)=5.83, P<0.05]. These results suggest that con-
ditioned urination is not impaired following hippocampal
or amygdala lesions and suggests that another memory
system may participate in the conditioning of this fear
response.

Defecation

Figure 4C shows the mean amount of feces emitted in
each chamber by the three groups throughout the three
testing sessions. For the sham group, the level of defeca-
tion was similar in the paired and unpaired context at test
session 1 [F(1,21)=1.55, P>0.05] and test session 2
[F(1,21)=0.16, P>0.05], but became considerably higher
in the paired context at test session 3 [F(1,21)=16.24,
P<0.05]. The level of defecation for the amygdala le-
sioned group was similar between the two chambers in
test session 1 and 2, but became notably higher in the
paired chamber at test session 3 [F(1,21)=4.94, P<0.05].
The hippocampus lesioned group demonstrated no such
discrimination, as level of defecation was similar be-
tween the two contexts across all three testing sessions
(P>0.05). These results suggest that conditioned defeca-
tion is a measure of fear that was impaired in animals
with hippocampus lesions, but remained intact in sham
and amygdala lesioned animals.

Locomotion

Figure 4D shows the level of locomotion in both cham-
bers for the three groups. As can be seen, there was 
a higher level of locomotion in the unpaired than in the
paired chamber in the sham group across test session 1
[F(1,21)=9.50, P<0.05], session 2 [F(1,21)=19.20,
P<0.05], and test session 3 [F(1,21)=21.21, P<0.05]. For

the amygdala-lesioned group, the level of locomotion be-
tween the two contexts did not differ significantly across
all test sessions. The hippocampus lesioned group
showed a higher level of locomotion in the paired cham-
ber at test session 1 [F(1,21)=6.01, P<0.05], but this ex-
tinguished at session 2 [F(1,21)=0.86, P>0.05] and test
session 3 [F(1,21)=.079, P>0.05].

Discussion

The assessment of multiple measures of fear resulted in
contrasting findings to prominent views of the amygdala
and the hippocampus in unconditioned fear. Lesions to
the amygdala or hippocampus did not impair the expres-
sion of unconditioned fear responses assessed in the
present study. Footshock elicited an increase in freezing,
defecation, and urination in all groups. These are re-
sponses that emerge in reaction to an aversive and stress-
ful event, and the present results suggest that an intact
amygdala or hippocampus is not required for the experi-
ence of unconditioned fear (Antoniadis and McDonald
2000).

Locomotion reflects the level of total body motion
and is an additional measure of fear. Results indicate that
the level of locomotion was higher before shock onset
than after shock onset and did not differ between the
groups, reflecting a similar level of fear. This experiment
revealed that the observational period designed to assess
the immediate fear reaction to an aversive event, i.e., im-
mediately following the onset of footshock, seems to be
an appropriate one for assessing the participation of dif-
ferent neural structures in the mediation of uncondi-
tioned fear responses. Findings from the present experi-
ment indicate that the amygdala is not critical for the ini-
tial experience of fear. However, during the testing
phase, both amygdala- and hippocampus-lesioned ani-
mals were impaired in the discriminative conditioning of
freezing and locomotion. Conditioned defecation was
not impaired in the amygdala-lesioned group, but im-
paired in the hippocampus-lesioned group. Evidence
suggests that the hippocampus mediates conditioned 
defecation to a fearful context (Vanderwolf et al. 1988;
Sutherland and McDonald 1990). Indeed, amygdala le-
sions do not interfere with the acquisition of conditioned
defecation (Vanderwolf et al. 1988; Sutherland and 
McDonald 1990), but hippocampus lesions do interfere
with the conditioning of this fear response (Sutherland
and McDonald 1990). Conditioned urination was not im-
paired in either the hippocampus- or amygdala-lesioned
groups, results that have been taken to suggest that an-
other memory system may participate in the conditioning
of this fear response (Antoniadis and McDonald 2000).
The selective impairment of conditioned defecation in
the hippocampus-lesioned group reflects one of the spe-
cific contributions of this structure in discriminative fear
conditioning to context. The selective impairment of
conditioned heart rate in the amygdala-lesioned group
reflects the specific contribution of the amygdala in dis-
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criminative fear conditioning to context. The common
impairment in conditioned freezing and locomotion re-
flects the synergistic contribution of both memory struc-
tures in this form of emotional learning. None of the fear
responses assessed in the training phase were impaired in
either group. The comparison between the training and
testing phase is interesting in regard to the possible roles
of the amygdala and hippocampus in fear responding and
fear conditioning to context. Animals with amygdala
damage showed a similar level of fear to that of the sham
animals during the training phase of the experiment.
However, in the testing phase of the experiment, the
group with amygdala damage was impaired in the condi-
tioning of some fear responses. The same outcome oc-
curred in the group with hippocampus lesions. This dis-
sociation provides information for understanding the
contribution of each memory structure in fear processes.
Indeed, this dissociation suggests that the memory struc-
tures examined participate in a mnemonic process that
encompasses the formation of an association between a
contextual representation and an aversive event, as well
as the conditioning of different fear responses. Impor-
tantly, given that for both lesioned groups the level of
fear was similar to that of the sham animals, the data
also suggest that these memory structures are not critical
for the mediation of unconditioned fear responding to the
footshock.

Current theories: the role of the amygdala 
in fear conditioning

The amygdala: an unconditioned fear system

One view of the role of the amygdala in fear condition-
ing suggests that the amygdala is selectively involved in
the mediation of unconditioned fear responses. Amygda-
la lesions have been associated with a general taming 
effect in different species (Goddard 1964) as well as 
a reduction in species-specific defensive reactions 
(Blanchard and Blanchard 1972). Electrical stimulation
of the amygdala produces a constellation of behavioral
and physiological measures of fear, by virtue of its con-
nections to target sites in the hypothalamus, brain stem,
and midbrain central gray, areas that are important in the
emergence of reactions to noxious stimuli. Blanchard
and Blanchard’s (1972) findings support this view. They
examined rats’ defensive reactions in response to a cat.
In their experiment 1, their task involved exposure to a
sedated cat, and rats (both controls and rats with amyg-
dala lesions) came into contact with the cat (more than
once) during a period of 5 min. The observed lack of fear
in the rats with amygdala lesions may have been due to
the possibility of repeated contact with a sedated, non-
threatening cat during a prolonged period (5 min), which
may have resulted in the extinction of unconditioned fear
evoked by the cat. In their experiment 3, the rat was
placed in a runway with a cat that was immediately re-
moved from the runway as soon as it came in mild con-

tact with the rat (touching rat gently with the nose). The
rat was given five such cat-approach trials, each separat-
ed by 60 s, which may have again been sufficient for any
fear evoked by the presently non-threatening cat to have
extinguished.

In contrast, our procedure involved the assessment of
the immediate fear responses to three successive foot-
shocks (2 s each) for a total period of 3 min. The level of
fear during that period was in turn compared with the
level of fear prior to the shock onset. The significant in-
crease in the responses expressed in all three groups sug-
gests that the brainstem and midbrain sites that are in-
volved in the emergence of behavioral and autonomic
fear symptoms can support these responses to an aver-
sive event in the absence of an intact amygdala or hippo-
campus (see Canteras et al. 1997).

Post-shock freezing has a delayed onset and is long in
duration (minutes), in contrast to the view of a typical
unconditioned response that is immediate and short-lived
(Fanselow 1980). These probabilistic and temporal prop-
erties of freezing have been taken to indicate, according
to a view put forth by Fanselow, that post-shock freezing
is not an unconditioned response to the footshock, but
rather a conditioned response to the contextual cues 
that surrounded the occurrence of the aversive event 
(Fanselow 1980). Although we agree with this view in
principle, based on the data reported here it seems that
there is a limited temporal window for detecting uncon-
ditioned fear responses.

Freezing in response to footshock was assessed in a
recent active avoidance experiment, and although for
both amygdala lesioned and sham animals there was an
increase in time spent freezing with increasing number
of footshocks, overall level of freezing was significantly
greater in the sham group. This result is taken to illus-
trate that amygdala lesions impair the expression of un-
conditioned fear (Vazdarjanova and McGaugh 1998).
Results from the present study do not replicate this find-
ing, given that the level of fear in the amygdala-lesioned
group was comparable to that of the sham and hippo-
campus-lesioned group in all measures of fear assessed.
Amygdala lesions have been reported to block stress-
induced freezing, defecation, and ultrasonic vocaliza-
tions (Goldstein et al. 1996). The data that served to de-
pict the amygdalar blockade of stress-induced responses
is derived from observations during the testing day when
animals were presented only with tones (i.e., without
footshocks). Responses from this session most probably
reflect the conditioning of fear to the tone and the sur-
rounding context and cannot be used as an index of un-
conditioned fear responses to footshock. As assessed in
the present study, the responses immediately following
shock onset seem to reflect unconditioned fear.

The amygdala: a learning and memory system

The other view posits that the amygdala is a learning and
memory system involved in the formation and consolida-
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tion of fearful memories that occur during fear condi-
tioning. The amygdala is involved in a conditioning pro-
cess, and amygdala lesions should impede the expression
of conditioned associative freezing in the presence of the
conditioned cues (Sutherland and McDonald 1990; 
Selden et al. 1991; Helmstetter 1992; Kim and Fanselow
1992; Phillips and LeDoux 1992; Kapp et al. 1982,
1990). In the present experiment, animals with amygdala
damage expressed a similar level of post-shock freezing
to that of hippocampus-lesioned and sham animals.
However, they were subsequently impaired in discrimi-
native fear conditioning to context used to assess the
amount of fear conditioned to the chamber in which the
shock occurred (paired context) in comparison to a
chamber in which shock was never administered (un-
paired context) (Antoniadis and McDonald 2000). These
results suggest that post-shock freezing and the other
fear responses assessed are mediated by a process other
than that of discriminative fear conditioning to contextu-
al cues, but are rather an unconditioned reaction in re-
sponse to shock. Similarly, the rats with hippocampal le-
sions were impaired on the discriminative conditioning
of fear, as expressed by the amount of freezing in the
paired versus the unpaired context (Antoniadis and 
McDonald 2000). However, their immediate reaction to
shock expressed in freezing and the other fear responses
assessed in the present experiment were not affected.
The learning/performance issue is of great relevance in
the present context with respect to the amygdala’s parti-
cipation in the expression of fear, be it conditioned or
unconditioned. There is no evidence to date that lesions
of the amygdala impair conditioned fear (freezing),
while leaving unconditioned fear (freezing) intact (see
Cahill et al. 1999). This evidence is required to delineate
the participation of the amygdala in the conditioning of
fear and exclude the possibility that the suspected memo-
ry impairment is simply due to the impaired performance
of unconditioned fear responses. In the present experi-
ment, animals from the two lesioned groups showed no
impairment in their expression of unconditioned fear re-
sponses. When subsequently tested for fear conditioning
to the paired context, the same group of animals with
amygdala lesions were selectively impaired in the dis-
criminative conditioning of heart rate, while animals
with hippocampal lesions were selectively impaired in
the conditioning of body temperature and defecation
(Antoniadis and McDonald 2000). Both groups were im-
paired at conditioned freezing, locomotion ultrasonic vo-
calizations, and preference. In combination, these two
experiments represent a dissociation, whereby damage to
specific memory structures (amygdala or hippocampus)
impaired fear conditioning as expressed by multiple
measures of fear. Damage to the same structures left the
unconditioned expression of fear intact. This dissociation
has been expressed differently in a study by LeDoux 
et al. (1990), whereby a group of amygdala-lesioned ani-
mals that received random CS-US presentations showed
a similar level of freezing to that seen in a nonassocia-
tive sham group. Freezing to the CS was, thus, not re-

duced in the amygdala-lesioned group; if anything,
amygdala-lesioned rats showed a higher level of freez-
ing. In the same study, amygdala-lesioned rats that re-
ceived the paired treatment were impaired at fear condi-
tioning to the tone. These results seem to illustrate that
lesions of the amygdala impair the conditioning of fear
responses, but not the expression of fear to the US.
(LeDoux et al. 1990). In support of the idea that amygda-
la lesions do not impair the performance of fear respons-
es, Maren (1999) recently reported that animals with
amygdala damage showed initial neophobia to a novel
chamber, suggesting that in these rats unconditioned
freezing evoked by a novel environment, albeit low, is
intact.

Multiple measures of fear

In previous experiments that involved testing the fear
elicited by a context previously paired with footshock in
comparison to a context previously paired with safety,
we assessed multiple measures of fear, including freez-
ing, heart rate, locomotion, body temperature, defeca-
tion, urination, ultrasonic vocalizations, and preference
(Antoniadis and McDonald 1999, 2000). Results from
both experiments showed that heart rate and body tem-
perature are fear responses that require expanded testing
windows (20 min) for a difference to be detected be-
tween a fearful and a non-fearful environment. Indeed, it
is only in the last 10 min of a 20 min testing session that
a discriminatively higher level of heart rate emerges in
the paired than in the unpaired context. Similarly, it is
only after two testing sessions of 20 min each that 
body temperature is discriminatively lower in the paired
than in the unpaired context during the third session 
(Antoniadis andMcDonald 2000). Accordingly, in the
present experiment, we did not assess these two physio-
logical measures, given that our observation period was
only 5 min long. Both fear conditioning studies men-
tioned above involved multiple training and testing ses-
sions. The emission of ultrasonic vocalizations was char-
acterized as a “slow” measure of conditioned fear, given
that it required three conditioning sessions before a di-
scriminatively higher level of vocalizations was pro-
duced in the chamber previously paired with footshock
(Antoniadis and McDonald 1999). Interestingly, al-
though some animals (all animals are controls) vocalized
at the first, second, and third shock session, others only
started vocalizing at the second shock session. Since, in
the present experiment, we only assessed fear responses
during the first shock session, we do not report that mea-
sure of fear because at that point in time it is not reflec-
tive of unconditioned vocalizations for all animals. It
seems that the threshold to begin vocalizing is different
between animals. Indeed, individual differences have
been observed in treatments that evoke vocalizations in
animals, such as footshock (Tonoue et al. 1986; Cuomo
et al. 1988). Importantly, once the animals start vocaliz-
ing in response to footshock, they emit the same re-
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sponse when placed in the chamber where the shock ad-
ministration occurred and do so to a greater extent in that
context than in a context where shock was never experi-
enced (Antoniadis and McDonald 1999).

All in all, the results from the present study suggest
that the post-shock responses of fear, assessed within a
limited temporal window (5 min), are unconditioned re-
actions of fear that are not affected in rats with amygdala
or hippocampus damage.
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