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The formation of fear memory to a specific stimulus leads to subsequent fearful response
to that stimulus. However, it is not apparent whether the formation of fear memory
can affect other memories. We study whether specific fearful experience leading to fear
memory affects different memories formation and extinction. We revealed that cued fear
conditioning, but not unpaired or naïve training, inhibited the extinction of conditioned
taste aversion (CTA) memory that was formed after fear conditioning training in rats.
Fear conditioning had no effect on retrieval of CTA memory but specifically impaired its
extinction. Extinguished fear memory, after fear extinction training, had no effect on future
CTA memory extinction. Fear conditioning had no effect on CTA memory extinction if CTA
memory was formed before fear conditioning. Conditioned taste aversion had no effect
on fear conditioning memory extinction. We conclude that active cued fear conditioning
memory can affect specifically the extinction, but not the formation, of future different
memory.

Keywords: learning and memory, memory extinction, memory retrieval, cued fear conditioning, conditioned taste
aversion

INTRODUCTION
Ample studies have shown that when a specific sensory stimulus
occurs together with a fearful event, long-term fear memory to
the stimulus is formed (LeDoux, 2000). The formation of fear
memory to a specific stimulus is useful for the subject in order
to avoid subsequent encounter with it and to adjust the behavior.
In this study we were interested to explore whether fear learning
might affect the formation and extinction of different memories.
Alteration of different memory formation and extinction after
fear learning may serve to adjust memory performance and
behavior in the changing fearful environment.

Memory extinction is one mechanism whereby the behavioral
response is kept proportional to the situation. Extinction of mem-
ory occurs when the conditioned stimulus (CS) cues are presented
alone without the unconditioned stimulus (US; Pavlov, 1927). It
does not reflect forgetting of the original learning (e.g., the fearful
event), but rather relearning of a new association of the CS with
the absence of the original reinforcement (Rescorla, 1996). An
optimal rate of extinction is required for the normal function and
survival of the organism. Facilitated memory extinction may lead
to an incorrect attribution of the stimulus and may lead to dan-
gerous situations that may result in death or injury. Impairment
of extinction is associated with behavioral dysfunction and with
brain disorders such as in post-traumatic stress disorder (Milad
et al., 2008, 2009; Norrholm et al., 2011; Milad and Quirk, 2012).

Toward exploring the possibility that fear memory may affect
the formation and extinction of different memory we study the
effects of cued fear conditioning on the formation and extinction
of conditioned taste aversion (CTA) memory. In cued fear con-
ditioning an animal forms fear memory to a neutral stimulus
(in the current study tone- CS) paired with a fearful event
(footshock- US) (Fanselow and LeDoux, 1999; LeDoux, 2000;
Davis and Whalen, 2001; Maren, 2001, 2005; Schafe et al., 2001;
Sah et al., 2003; Rodrigues et al., 2004; Johansen et al., 2011). In
CTA an organism learns to avoid a taste (CS) if the first encounter
with that taste is followed by malaise (US) (Garcia et al., 1955;
Bures et al., 1998; Rosenblum, 2008).

Fear memory formation may induce changes in neurons
within specific brain regions that affect the formation and extinc-
tion of future different memories. Cued fear conditioning and
CTA memories formation and extinction are subserved by over-
lapping brain regions and therefore may be suitable behavioral
paradigms for studying relationships between different memories.
Fear conditioning leads to changes in responses to the CS in the
lateral and central nuclei of the amygdala (LA and CE), auditory
thalamus and auditory cortex (e.g., Gabriel et al., 1975; Edeline
and Weinberger, 1992; Lennartz and Weinberger, 1992; Quirk
et al., 1995, 1997; Ciocchi et al., 2010; Haubensak et al., 2010).
These areas are needed for fear memory formation as lesions and
functional ablations of these regions and inhibitions of molecular
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activity in these areas impair fear conditioning memory (e.g.,
Muller et al., 1997; Rodrigues et al., 2004; Ciocchi et al., 2010;
Johansen et al., 2011). Evidence show that extinction of fear
memory is mediated by the prefrontal cortex as prefrontal cortex
lesions and molecular activity inhibition in prefrontal cortex
lead to a selective deficit in extinction (Sotres-Bayon and Quirk,
2010; Maroun, 2013). Moreover, neuronal activity in infralimbic
subregion (IL) of the medial prefrontal cortex (mPFC) changes
with extinction (Milad and Quirk, 2002). The IL-mPFC may
mediate fear memory extinction by controlling downstream areas
such as the lateral subdivision of central amygdala nucleus and
the intercalated cell masses (ITCs; McDonald et al., 1996; Likhtik
et al., 2008). In addition, extinction involves depotentiation of
excitatory pathways in LA (Kim et al., 2007) and extinction
of fear-potentiated startle is blocked by infusion of an NMDA
antagonist into the amygdala (Falls et al., 1992). Acquisition of
CTA changes the pattern of activity in response to the taste CS
in the nucleus of the solitary tract (NTS), parabrachial nucleus
(PbN), amygdala and insular cortex (IC) (e.g., Chang and Scott,
1984; Houpt et al., 1994; Swank and Bernstein, 1994; Welzl et al.,
2001; Yamamoto, 2006; Moran and Katz, 2014). Permanently or
transiently inactivating the PbN impaired the acquisition of a
CTA (e.g., Spector et al., 1992; Agüero et al., 1993; Bielavska and
Bures, 1994; Grigson et al., 1997) and damaging the amygdala
produced impairments in CTA but inconsistently depending on
the paradigm and type of lesions (e.g., Nachman and Ashe, 1974;
Lasiter and Glanzman, 1985; Simbayi et al., 1986; Yamamoto
et al., 1995; Schafe and Bernstein, 1996; Morris et al., 1999;
Lamprecht and Dudai, 2000; Welzl et al., 2001). Lesions of the
thalamus including the parvicellular part of the ventroposterior
medial nucleus (VPMpc) can attenuate the acquisition of CTA
(Loullis et al., 1978; Lasiter, 1985; Lasiter et al., 1985; Yamamoto
et al., 1995). Conditioned taste aversion and taste memory are
influenced by damaging the IC and the IC is critically involved
in taste memory consolidation, maintenance and retention (e.g.,
Braun et al., 1972; Dunn and Everitt, 1988; Bermudez-Rattoni and
McGaugh, 1991; Gallo et al., 1992; Rosenblum et al., 1993). The
IL-mPFC and the basolateral amygdala (BLA) nucleus have been
shown to play a role in extinction of CTA memories (e.g., Bahar
et al., 2003; Akirav, 2007).

The aforementioned observations show that mutual brain
regions subserve both fear conditioning and CTA memory for-
mation (e.g., amygdala) and extinction (e.g., prefrontal cor-
tex and amygdala). We therefore investigate the possibility that
fear memory formation affects other memories by studying the
effects of fear conditioning on CTA memory formation and
extinction.

MATERIALS AND METHODS
ANIMALS
Male Sprague Dawley rats (250–300 g), were used in the study
(Harlan Laboratories). Rats were housed separately at 22 ± 2◦C
in a 12 h light/dark cycle. Water and food were available ad
libitum unless otherwise indicated. Behavioral experiments were
approved by the University of Haifa Institutional Committee for
animal experiments in accordance with National Institutes of
Health guidelines.

FEAR CONDITIONING
Fear conditioning took place in a Plexiglas rodent conditioning
chamber with a metal grid floor. Rats were habituated to the
training chamber (context A) for 3 days. Animals were presented
with five pairings of a tone for 40 s as the CS (5 kHz, 80 dB)
that was co-terminated with a foot shock as the US (0.5 s, 1.3
mA). The intertrial interval (ITI) was random with average of
180 s. Unpaired training took place in the same conditioning
chamber. Rats received non-overlapping five presentations of
the CS and US where the US preceded the CS by 60 s and
at least 120 s was required between a tone CS and the next
trial. The naïve group was introduced to the training cage with
no CS or US. Rat groups were tested 24 h after training for
long-term memory in a different chamber with different con-
text and Formica floor (context B), to diminish the effect of
context. Animals were presented with two tones (40 s, 5 kHz,
80 dB) with average ITI of 180 s. Behavior was recorded and
the video images were transferred to a computer equipped with
an analysis program. The percentage of changed pixels between
two adjacent 0.5 s images was used as a measure of activity.
The experimental data shown in Figures 1, 3 includes only rats
whose freezing was above 50% following cued fear condition-
ing and below 35% after unpaired training in the second test
tone.

FEAR CONDITIONING EXTINCTION
Fear conditioning was performed as above. The next day animals
were subjected to presentations of 19 CSs (Figure 2) or 15 CSs
(Figure 4) (40 s, 5 kHz, 80 dB, ITI 180) in a different chamber
with different context and Formica floor (context B), to diminish
the effect of context.

CONDITIONED TASTE AVERSION
Rats were trained over 3 days to get their daily water ration within
20 min/day from two pipettes, each containing 10 ml. On day 4
(conditioning day), the rats were presented with saccharin (0.1%
w/v, sodium salt; CS) instead of water. Sixty minutes later, they
were injected with LiCl (3 ml 0.07 M LiCl; US) intraperitoneally.
For CTA memory retrieval (Figure 1D) animals were injected
with lower concentration of LiCl (3 ml 0.015 M LiCl). On days
5–6, the rats were presented daily for 20 min with two pipettes
containing 10 ml of water each. Conditioned taste aversion mem-
ory test was performed on six successive days (days 7–12) where
the rats were presented daily with an array of four pipettes,
two containing 10 ml of saccharin and two containing 10 ml
water for 20 min. Their liquid consumption was recorded and
aversion index was calculated. The aversion index was defined as
[milliliters of water/(milliliters of water + milliliters of saccharin)]
× 100 consumed in the test; that is, 50 is chance level, and the
higher the aversive index the strongest memory is where rats
remember the CS as an aversive stimulus.

STATISTICS
Repeated-measures analysis using the generalized estimating
equations (GEE) approach was performed (Zeger and Liang,
1986). Generalized estimating equations was used instead
of ANOVA since, in some cases, the assumptions of equality of
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FIGURE 1 | Fear conditioning affects conditioned taste aversion
memory (CTA) extinction. (A) Experimental timeline: animals were
trained for fear conditioning (n = 15), unpaired (n = 13) or left naïve (n =
20). The next day they were tested for fear memory to the tone. Four
days later the animals were subjected to CTA training. Three days later
they were tested for taste memory once each day for 6 days. (B) Freezing
during fear memory test is significantly higher in fear conditioned animals
compared to unpaired trained animals (χ2

(1) = 87.779; p < 0.003). This
result shows that fear memory to the tone was formed in the fear
conditioned but not unpaired trained rats. (C) Conditioned taste aversion
memory extinction is significantly slower in animals that were trained
previously for fear conditioning compared to animals trained with unpaired
protocol or left naïve. The analysis revealed a significant main effect for

groups (χ2
(2) = 10.162; p < 0.007). There is interaction between groups

and time variables (χ2
(2) = 12.712; p < 0.003). Analysis between groups

revealed that there is an interaction between the fear conditioning and
naïve groups (χ2

(1) = 7.583, p < 0.007), between the fear conditioning and
unpaired groups (χ2

(1) = 6.295, p < 0.02) but not between the unpaired
and naïve groups (χ2

(1) = 0.013, p > 0.9). (D) Conditioned taste aversion
memory retrieval is not affected by fear conditioning. Animals were
trained for fear conditioning or left naïve. Four days later animals were
trained for CTA using lower concentration of LiCl (3 ml of 0.015 M LiCl) to
study whether fear conditioning can enhance CTA memory retrieval.
Conditioned taste aversion memory was not significantly different
between fear-conditioned or naïve trained animals (p > 0.3) showing that
CTA memory retrieval is not affected by fear conditioning.

covariance matrix and of multivariate normality of residuals of
our data were not met. The GEE approach is especially robust to
misspecification of variance/covariance structure. Furthermore,
GEE assumes that the correlations among measures across time
are not of direct interest, and focuses on the comparison of groups
across time. Single comparison between two groups was done
using Mann-Whitney U test. Statistical analysis was done using
the SPSS 20 software.

RESULTS
CUED FEAR CONDITIONING IMPAIRS THE EXTINCTION OF FUTURE
MEMORY
We were interested to explore the possibility that fearful experi-
ence leading to long-term fear memory could affect the extinction
of a different memory. Toward that end we trained rats for fear

conditioning and studied its effects on subsequent CTA memory
extinction (Figure 1A). Animals were trained for fear condi-
tioning to associate a tone (CS) with a footshock (US). Control
animals received the same sensory stimulation but in an unpaired
non-associative manner or were naïve and not subjected to the CS
and US. The paired protocol (fear conditioning) consistently leads
to auditory fear conditioning memory formation, whereas the
unpaired protocol does not. Long-term conditioned fear memory
was assessed by measuring freezing responses elicited by the
CS without the US 24 h after conditioning. Figure 1B shows
that the paired rats froze significantly more than the unpaired
controls (χ2

(1) = 87.779; p < 0.003). Four days later animals
were trained for CTA and were tested 3 days afterwards for long-
term taste memory for six consecutive days (Figure 1C). Results
that compared the effect of group (fear conditioning, unpaired
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FIGURE 2 | Extinguished fear conditioning memory has no effect
on CTA memory extinction. (A) Experimental timeline: animals
were trained for fear conditioning or left naïve (n = 10). The next day
the fear conditioned trained animals were divided into two groups:
the first was tested for fear memory to the tone (two tones (n = 8))
and the second subjected to the fear conditioning extinction protocol
(n = 12). Four days later the animals were subjected to CTA training.
Three days later they were tested for taste memory once each day
for 6 days. (B) Freezing during fear memory test and during fear
memory extinction protocol. Freezing was not different between
groups on the second tone (p > 0.5) but was significantly and
markedly reduced in the extinction group on the 19th tone when

compared to the second tone between groups (p < 0.003) or within
the extinction group (p < 0.001). (C) Conditioned taste aversion
memory extinction is significantly slower in animals that were trained
previously for fear conditioning compared with animals trained with
fear memory extinction protocol or left naïve. The analysis revealed
significant main effect for group (χ2

(2) = 14.886; p < 0.002). There is
an interaction between groups and time variables ((χ2

(2) = 19.915;
p < 0.001). Analysis between groups revealed that there is an
interaction between fear conditioning and naïve groups
(χ2

(1) = 5.630, p < 0.02), between fear conditioning and extinction
groups (χ2

(1) = 16.054, p < 0.001) but not between extinction and
naïve groups (χ2

(1) = 1.256, p > 0.2).

and naïve groups) and time (CTA test days) were analyzed. The
analysis revealed a significant main effect for group (χ2

(2) =
10.162; p < 0.007). There is interaction between groups and time
variables (χ2

(2) = 12.712; p < 0.003). Analysis between groups
revealed that there is an interaction between the fear conditioning
and naïve groups (χ2

(1) = 7.583, p < 0.007), between the fear
conditioning and unpaired groups (χ2

(1) = 6.295, p < 0.02)
but not between the unpaired and naïve groups (χ2

(1) = 0.013,
p > 0.9) showing that CTA memory in the previously fear

conditioning trained animals extinguished significantly slower
than in control groups. In addition, the results show that this phe-
nomenon is not affected by acute stress induced by the unpaired
training.

FEAR CONDITIONING HAS NO EFFECT ON CTA MEMORY RETRIEVAL
In aforementioned results we observed that fear conditioning
impaired CTA memory extinction. This leaves the possibility that
fear conditioning may enhance the level of the subsequent taste
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FIGURE 3 | Fear conditioning has no effect on CTA memory
extinction if CTA memory was formed before fear conditioning
learning. (A) Experimental time line. Rats were trained for CTA
memory. Three days later they were divided into two groups that
were trained with fear conditioning (n = 5) or left without training

(naïve, n = 8). The next day the animals were tested for fear memory
formation. Twenty four hours later the animals were tested for CTA
memory extinction. (B) No difference in CTA memory extinction was
detected between the naïve and fear conditioning trained rats (χ2

(1) =
0.02, p > 0.9).

aversion memory rather than impairing extinction. To test this
possibility we trained rats for fear conditioning followed by a weak
CTA protocol (same protocol as in Figure 1A but with weaker
CTA). Using weaker CTA protocol results in weaker CTA memory
(see Figure 1D) and provides the possibility for fear learning
to enhance CTA memory. We show that fear conditioning had
no effect on CTA memory retrieval (p > 0.3, Figure 1D). Fear
conditioning has therefore no effect on CTA memory retrieval but
specifically on its extinction.

EXTINGUISHED FEAR MEMORY HAS NO EFFECT ON CTA MEMORY
EXTINCTION
We were interested to further explore whether training for fear
conditioning has an irreversible effect on taste memory extinc-
tion. If fear learning has an irreversible effect on taste memory
extinction then fear memory extinction after fear conditioning
training should have no effect on the impairments exerted by fear
conditioning learning on taste memory extinction (as observed
in Figure 1C). Two new groups of animals were trained for
fear conditioning or left naïve. The next day the fear condi-
tioned trained animals were divided into two groups: the first
was tested for fear memory to the tone (two tones) and the
second subjected to the fear conditioning extinction protocol
(19 tones) (Figure 2A). Figure 2B shows the freezing responses
of fear conditioning only group and of animals that underwent
fear memory extinction protocol 1 day after fear conditioning
training. Freezing was markedly reduced in the extinction group

on the 19th tone when compared to the second tone (p < 0.001).
Four days later the animals were trained for CTA and subjected
3 days afterwards to CTA memory tests for six consecutive days
(Figure 2C). Results that compared the effect of group (fear
conditioning, extinction of fear conditioning, and naïve groups)
and time (CTA memory test days) were analyzed. The analy-
sis revealed significant main effect for group (χ2

(2) = 14.886;
p < 0.002). There is an interaction between groups and time
variables (χ2

(2) = 19.915; p < 0.001). Analysis between groups
reveals that there is an interaction between fear conditioning and
naïve groups (χ2

(1) = 5.630, p < 0.02), between fear conditioning
and extinction groups (χ2

(1) = 16.054, p < 0.001) but not between
extinction and naïve groups (χ2

(1) = 1.256, p > 0.2) showing
that CTA memory extinction in previously fear conditioning
trained animals is significantly slower than in animals that their
fear memory was extinguished before CTA training and naïve
animals. It also shows that CTA memory of the fear extinc-
tion group extinguishes similarly to CTA memory of the naïve
rats.

FEAR CONDITIONING HAS NO EFFECT ON CTA MEMORY EXTINCTION IF
CTA MEMORY WAS FORMED BEFORE FEAR LEARNING
We were interested to study whether fear conditioning could
affect the extinction of memories that were formed before
fear learning. Rats were trained for CTA 3 days before fear
conditioning and were tested for CTA memory extinction
2 days after fear conditioning training. Figure 3 shows that
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FIGURE 4 | Conditioned taste aversion training has no effect on fear
memory extinction. (A) Experimental timeline: animals were paired with
saccharin and LiCl (CTA; n = 11) or saccharin and saline (control; n = 10). Three
days later they were tested for taste aversion memory. The next day they
were trained for fear conditioning. The following next 2 days the animals were
subjected to the fear memory extinction protocol. (B) Taste aversion is
significantly higher in the CTA group compared to the control (p < 0.001)

showing that the CTA trained animals formed taste aversion memory. (C)
Fear memory extinction is not different between animals subjected to CTA or
controls in both test days. In the first test day there is no main effect for group
(CTA, saline controls) (χ2

(1) = 2.037, p > 0.15) and no interaction between
group and time variables (χ2

(1) = 0.062, p > 0.8). In the second test day there
is no main effect for group (CTA, saline controls) (χ2

(1) = 0.091, p > 0.7) and
no interaction between group and time variables (χ2

(1) = 0.101, p > 0.7).

fear conditioning has no effect on CTA memory extinction
(χ2

(1) = 0.02, p > 0.9) if CTA memory was formed before fear
learning. This shows that fear conditioning affects specifically
the extinction of memories formed after, but not before, fear
learning.

CTA MEMORY HAS NO EFFECT ON FEAR CONDITIONING MEMORY
EXTINCTION
Next we were interested to understand whether the effects of
fear conditioning on CTA memory extinction is a typical effect
of one memory on the other. Toward that end, we studied the
effects of CTA on fear memory extinction (timeline in Figure 4A).
Rats were divided to two groups the first trained for CTA and
the second control group was trained to drink saccharin but
received saline instead of LiCl. The animals were tested once
3 days later for CTA memory. As shown in Figure 4B the
CTA trained animals are significantly more aversive to saccharin
than control animals injected with saline (p < 0.001). The next
day the animals were subjected to fear conditioning. The next
2 days the animals were tested for fear conditioning memory
extinction (Figure 4C). There is no main effect for group (CTA,
saline controls) (χ2

(1) = 2.037, p > 0.15) and no interaction
between group and time variables (χ2

(1) = 0.062, p > 0.8) in

the first fear extinction test day. Similarly, there is no main
effect for group (CTA, saline controls) (χ2

(1) = 0.091; p > 0.7)
and no interaction between group and time variables (χ2

(1) =
0.101; p > 0.7) in the second day of fear memory extinction.
These results show that CTA has no effect on fear memory
extinction and indicate that the effects of fear conditioning on
memory extinction are not general effects between two types of
memories.

DISCUSSION
In this study we show that cued fear conditioning impairs
specifically the extinction, but not the retrieval, of different
memory formed for CTA. We further show that this effect is
specific to CS-US association and is not affected by the US
or CS when presented unpaired. Furthermore, the results show
that extinction of fear memory eliminates the effects of fear
conditioning on CTA memory extinction. Fear conditioning
affects CTA memory extinction only if CTA memory was formed
after and not before fear conditioning learning. The creation
of CTA memory has no effect on fear conditioning memory
extinction.

Our study shows that cued fear conditioning training of a
tone paired with the footshock affects CTA memory extinction.
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Unpaired training where the footshock and tone do not overlap
and are presented in a non-associative manner had no effect
on CTA memory extinction. These results show that the CS
and US per se have no effect on memory extinction. Foot-
shock per se produces stressful responses such as strong activa-
tion of the hypothalamic-pituitary-adrenal (HPA) axis (Dagyte
et al., 2009). Stress can affect CTA memory extinction when
subjected during the extinction trials (Akirav et al., 2009). In
addition, stressors can affect CTA memory when subjected 30
min before (Bourne et al., 1992), during (Bourne et al., 1992;
Misanin et al., 2006) or 15 min after (Bourne et al., 1992)
CTA training or as the US (Dess et al., 1998; Brand et al.,
2008). We did not observe any effect on CTA extinction when
the footshock was presented unpaired days before CTA but
only as the US in fear conditioning. This observation indi-
cates that the stressful responses produced by the footshock
have no effect on CTA memory extinction and that cued fear
memory formation specifically affects the extinction of CTA
memory.

Fear conditioning leads to long-term fear memory to the
tone whereas unpaired training do not. It is possible that the
fear conditioned tone CS affects neurons that are involved in
the extinction of CTA memory. Memory extinction of fear con-
ditioning in animals leads to increased responses of neurons
in prefrontal cortex compared to same extinction protocol in
pseudorandom (unpaired) trained group (Barrett et al., 2003).
Conditioned taste aversion memory extinction requires the pre-
frontal cortex (e.g., Akirav et al., 2006) and CTA memory extinc-
tion leads to an increase in neuronal responses to the taste
CS in prefrontal cortex (Mickley et al., 2005). It is therefore
possible that fear conditioning, but not unpaired training, leads
to alteration in prefrontal cortex neurons that can affect future
CTA memory extinction. It is also possible that the neurons
involved in CTA memory extinction in the prefrontal cortex
receive regulatory information during CTA memory extinction
from amygdala neurons modified by fear conditioning. The BLA
sends direct excitatory projections to the IL (McDonald, 1991;
Pérez-Jaranay and Vives, 1991; Condé et al., 1995). It was shown
that the BLA controls the learned auditory fear-induced changes
in neuronal activity in the mPFC (Garcia et al., 1999). The
BLA also modulates responses in the prefrontal cortex during
CTA memory extinction (e.g., Xin et al., 2014). The BLA is
needed for CTA memory extinction. For example, it was shown
that when the protein translation inhibitor anisomycin or the
β-adrenergic receptor antagonist propranolol are microinjected
into the BLA on the first day of CTA memory extinction they
impair extinction when compared to saline injected controls
(Bahar et al., 2003). In addition, microinjection of the GABAA
receptor agonist, muscimol, into the BLA immediately after
the first CTA extinction session disrupts the extinction of CTA
(Akirav, 2007). Activity of cells in BLA is altered during CTA
memory extinction. For example, c-Fos protein level, which
serves as a marker for neuronal activity, in BLA changes during
CTA memory extinction (Mickley et al., 2004). Studies detected
neurons in the BLA that are multimodal responding to both
taste and auditory stimuli (e.g., Nishijo et al., 1998). Thus,
it could be that auditory responsive neurons altered by fear

conditioning in LA can affect extinction of CTA memory through
regulating prefrontal cortex neurons. Indeed, fear conditioning
leads to increased response in LA neurons whereas unpaired
training shows little or no change (e.g., Repa et al., 2001).
Thus, increased neuronal response in LA after fear conditioning,
but not after unpaired training, could potentially affect CTA
extinction by controlling prefrontal cortex neurons. This can
explain the significant differences we observed between the fear
conditioning and unpaired groups in affecting CTA memory
extinction.

The rate of extinction is sensitive to the strength of the
original learning. This leaves open the possibility that fear
conditioning enhanced the level of the subsequent taste aver-
sion rather than impairing its extinction. We therefore tested
the effect of fear conditioning on the strength of the orig-
inal learning. Toward that end we trained the animals with
a weaker CTA protocol that leads to weaker CTA memory
and allows to test whether fear conditioning can enhance
CTA memory. We found that fear conditioning has no effect
on CTA memory strength as there is no differences on CTA
memory retrieval. We conclude that fear conditioning affects
specifically CTA memory extinction but not CTA memory
formation.

Next we asked whether the specific alteration created by
fear conditioning that can affect different memory extinction
is irreversible after fear conditioning training or could it be
adjusted. Fear memory to the tone is attenuated by exposure
to the tone without the shock during the extinction procedure
(Milad and Quirk, 2012). If neuronal alteration after fear con-
ditioning training, leading to changes in CTA memory extinc-
tion, is permanent then extinction of fear memory after fear
conditioning training will have no effect on impairments of CTA
memory extinction. We revealed that fear memory extinction
abolished the effects of fear conditioning training on CTA extinc-
tion. This observation indicates that the alterations of neuronal
circuits by fear conditioning that can affect CTA extinction are
adjustable.

Evidence shows that extinction does not erase the initial
association between the CS and US but rather forms a new
association (CS-No US) that inhibits expression of the condi-
tioned memory. Thus, fear memory for the CS still exists after
extinction but is inhibited. Evidence supporting the fact that the
fear memory for the CS still exist after extinction shows that
the original inhibited fear memory can reemerge in rodents and
humans after: (1) renewal, when the CS is presented outside of
the extinction context (Robbins, 1990; Effting and Kindt, 2007);
(2) reinstatement, when the original US is given unexpectedly
(Rescorla and Heth, 1975; Bouton and Bolles, 1979; Westbrook
et al., 2002; Schiller et al., 2008); or (3) spontaneous recovery,
when a substantial amount of time has passed (Robbins, 1990;
Schiller et al., 2008). In our study we show that fear extinc-
tion abolished the effects on CTA memory extinction. Thus,
although memory for the fearful event exists after fear memory
extinction its inhibition eliminates its ability to affect CTA mem-
ory extinction. Therefore, our finding shows that fear memory
needs to be active and not inhibited to affect CTA memory
extinction.
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We also observed that training for CTA has no effect on fear
memory extinction. This observation show that the brain system
that mediates CTA memory formation do not leave a trace, as
does fear conditioning training, that can affect fear memory
extinction.

In this study we show that a specific fearful experience
leads to alteration of extinction of a different memory. Such an
adjustment in the rate of extinction may be useful for better
behavioral response and evaluation of information in possibly
dangerous environment. Slower extinction rate provides the
organism with an additional time to examine and evaluate the
novel information to ensure its safety.

AUTHOR CONTRIBUTIONS
Gil Joels designed, interpreted and executed all experiments;
Raphael Lamprecht designed and interpreted all the experiment
and wrote the manuscript.

REFERENCES
Agüero, A., Arnedo, M., Gallo, M., and Puerto, A. (1993). The functional

relevance of the lateral parabrachial nucleus in lithium chloride-induced aver-
sion learning. Pharmacol. Biochem. Behav. 45, 973–978. doi: 10.1016/0091-
3057(93)90150-r

Akirav, I. (2007). NMDA Partial agonist reverses blocking of extinction of aversive
memory by GABA(A) agonist in the amygdala. Neuropsychopharmacology 32,
542–550. doi: 10.1038/sj.npp.1301050

Akirav, I., Khatsrinov, V., Vouimba, R. M., Merhav, M., Ferreira, G., Rosenblum,
K., et al. (2006). Extinction of conditioned taste aversion depends on func-
tional protein synthesis but not on NMDA receptor activation in the ven-
tromedial prefrontal cortex. Learn. Mem. 13, 254–258. doi: 10.1101/lm.
191706

Akirav, I., Segev, A., Motanis, H., and Maroun, M. (2009). D-cycloserine into the
BLA reverses the impairing effects of exposure to stress on the extinction of
contextual fear, but not conditioned taste aversion. Learn. Mem. 16, 682–686.
doi: 10.1101/lm.1565109

Bahar, A., Samuel, A., Hazvi, S., and Dudai, Y. (2003). The amygdalar cir-
cuit that acquires taste aversion memory differs from the circuit that extin-
guishes it. Eur. J. Neurosci. 17, 1527–1530. doi: 10.1046/j.1460-9568.2003.
02551.x

Barrett, D., Shumake, J., Jones, D., and Gonzalez-Lima, F. (2003). Metabolic
mapping of mouse brain activity after extinction of a conditioned emotional
response. J. Neurosci. 23, 5740–5749.

Bermudez-Rattoni, F., and McGaugh, J. L. (1991). Insular cortex and amygdala
lesions differentially affect acquisition on inhibitory avoidance and condi-
tioned taste aversion. Brain Res. 549, 165–170. doi: 10.1016/0006-8993(91)
90616-4

Bielavska, E., and Bures, J. (1994). Universality of parabrachial mediation of
conditioned taste aversion. Behav. Brain Res. 60, 35–42. doi: 10.1016/0166-
4328(94)90060-4

Bourne, M. J., Calton, J. L., Gustavson, K. K., and Schachtman, T. R. (1992). Effects
of acute swim stress on LiCl-induced conditioned taste aversions. Physiol. Behav.
51, 1227–1234. doi: 10.1016/0031-9384(92)90313-q

Bouton, M. E., and Bolles, R. C. (1979). Role of conditioned contextual stimuli in
reinstatement of extinguished fear. J. Exp. Psychol. Anim. Behav. Process. 5, 368–
378. doi: 10.1037//0097-7403.5.4.368

Brand, L., Groenewald, I., Stein, D. J., Wegener, G., and Harvey, B. H. (2008).
Stress and re-stress increases conditioned taste aversion learning in rats: possible
frontal cortical and hippocampal muscarinic receptor involvement. Eur. J.
Pharmacol. 586, 205–211. doi: 10.1016/j.ejphar.2008.03.004

Braun, J. J., Slick, T. B., and Lorden, J. F. (1972). Involvement of gustatory neocortex
in the learning of taste aversions. Physiol. Behav. 9, 637–641. doi: 10.1016/0031-
9384(72)90023-6

Bures, J., Bermudez-Rattoni, F., and Yamamoto, T. (1998). Conditioned Taste
Aversion: Memory of a Special Kind. Oxford: Oxford University Press.

Chang, F. C. T., and Scott, T. R. (1984). Conditioned taste aversions modify
neural responses in the rat nucleus tractus solitaries. J. Neurosci. 4, 1850–
1862.

Ciocchi, S., Herry, C., Grenier, F., Wolff, S. B., Letzkus, J. J., Vlachos, I., et al. (2010).
Encoding of conditioned fear in central amygdala inhibitory circuits. Nature
468, 277–282. doi: 10.1038/nature09559

Condé, F., Maire-Lepoivre, E., Audinat, E., and Crépel, F. (1995). Afferent connec-
tions of the medial frontal cortex of the rat. II. Cortical and subcortical afferents.
J. Comp. Neurol. 352, 567–593. doi: 10.1002/cne.903520407

Dagyte, G., Van der Zee, E. A., Postema, F., Luiten, P. G., Den Boer, J. A., Trentani,
A., et al. (2009). Chronic but not acute foot-shock stress leads to temporary
suppression of cell proliferation in rat hippocampus. Neuroscience 162, 904–913.
doi: 10.1016/j.neuroscience.2009.05.053

Davis, M., and Whalen, P. J. (2001). The amygdala: vigilance and emotion. Mol.
Psychiatry 6, 13–34. doi: 10.1038/sj.mp.4000812

Dess, N. K., Raizer, J., Chapman, C. D., and Garcia, J. (1998). Stressors in
the learned helplessness paradigm: effects on body weight and conditioned
taste aversion in rats. Physiol. Behav. 44, 483–490. doi: 10.1016/0031-
9384(88)90309-5

Dunn, L. T., and Everitt, B. J. (1988). Double dissociation of the effects of amygdala
and insular cortex lesions on conditioned taste aversion, passive avoidance and
neophobia in the rat using the excitotoxin ibotenic acid. Behav. Neurosci. 102,
3–23. doi: 10.1037//0735-7044.102.1.3

Edeline, J. M., and Weinberger, N. M. (1992). Associative retuning in the thalamic
source of input to the amygdala and auditory cortex: receptive field plasticity in
the medial division of the medial geniculate body. Behav. Neurosci. 106, 81–105.
doi: 10.1037//0735-7044.106.1.81

Effting, M., and Kindt, M. (2007). Contextual control of human fear associations in
a renewal paradigm. Behav. Res. Ther. 45, 2002–2018. doi: 10.1016/j.brat.2007.
02.011

Falls, W. A., Miserendino, M. J. D., and Davis, M. (1992). Extinction of fear-
potentiated startle: blockade by infusion of an NMDA antagonist into the
amygdala. J. Neurosci. 12, 854–863.

Fanselow, M. S., and LeDoux, J. E. (1999). Why we think plasticity underlying
Pavlovian fear conditioning occurs in the basolateral amygdala. Neuron 23, 229–
232. doi: 10.1016/s0896-6273(00)80775-8

Gabriel, M., Saltwick, S. E., and Miller, J. D. (1975). Conditioning and reversal of
short-latency multiple-unit responses in the rabbit medial geniculate nucleus.
Science 189, 1108–1109. doi: 10.1126/science.1162365

Gallo, M., Roldan, G., and Bures, J. (1992). Differential involvement of gustatory
insular cortex and amygdala in the acquisition and retrieval of conditioned
taste aversion in rats. Behav. Brain Res. 52, 91–97. doi: 10.1016/s0166-4328(05)
80328-6

Garcia, J., Kimmeldorf, D. J., and Koelling, R. A. (1955). Conditioned aver-
sion to saccharin resulting from exposure to gamma radiation. Science 122,
157–158.

Garcia, R., Vouimba, R. M., Baudry, M., and Thompson, R. F. (1999). The amygdala
modulates prefrontal cortex activity relative to conditioned fear. Nature 402,
294–296. doi: 10.1038/46286

Grigson, P. S., Shimura, T., and Norgren, R. (1997). Brainstem lesions and gustatory
function: III. The role of the nucleus of the solitary tract and the parabrachial
nucleus in retention of a conditioned taste aversion in rats. Behav. Neurosci. 111,
180–187. doi: 10.1037//0735-7044.111.1.180

Haubensak, W., Kunwar, P. S., Cai, H., Ciocchi, S., Wall, N. R., Ponnusamy, R., et al.
(2010). Genetic dissection of an amygdala microcircuit that gates conditioned
fear. Nature 468, 270–276. doi: 10.1038/nature09553

Houpt, T. A., Philopena, J. M., Wessel, T. C., Joh, T. H., and Smith, G. P. (1994).
Increased c-fos expression in nucleus of the solitary tract correlated with
conditioned taste aversion to sucrose in rats. Neurosci. Lett. 172, 1–5. doi: 10.
1016/0304-3940(94)90648-3

Johansen, J. P., Cain, C. K., Ostroff, L. E., and LeDoux, J. E. (2011). Molecular
mechanisms of fear learning and memory. Cell 147, 509–524. doi: 10.1016/j.cell.
2011.10.009

Kim, J., Lee, S., Park, K., Hong, I., Song, B., Son, G., et al. (2007). Amygdala
depotentiation and fear extinction. Proc. Natl. Acad. Sci. U S A 104, 20955–
20960. doi: 10.1073/pnas.0710548105

Lamprecht, R., and Dudai, Y. (2000). “The amygdala in conditioned taste aversion:
it’s there, but where,” in The Amygdala, ed J. Aggleton (Oxford: Oxford Univer-
sity Press), 310–331.

Frontiers in Behavioral Neuroscience www.frontiersin.org September 2014 | Volume 8 | Article 324 | 8

http://www.frontiersin.org/Behavioral_Neuroscience
http://www.frontiersin.org/
http://www.frontiersin.org/Behavioral_Neuroscience/archive


Joels and Lamprecht Fear conditioning and different memory extinction

Lasiter, P. S. (1985). Thalamocortical relations in taste aversion learning: II. Involve-
ment of the medial ventrobasal thalamic complex in taste aversion learning.
Behav. Neurosci. 99, 477–495. doi: 10.1037//0735-7044.99.3.477

Lasiter, P. S., Deems, D. A., and Glanzman, D. L. (1985). Thalamocortical rela-
tions in taste aversion learning: I. Involvement of gustatory thalamocortical
projections in taste aversion learning. Behav. Neurosci. 99, 454–476. doi: 10.
1037//0735-7044.99.3.454

Lasiter, P. S., and Glanzman, D. L. (1985). Cortical substrates of taste aversion
learning: involvement of dorsolateral amygdaloid nuclei and temporal neocortex
in taste aversion learning. Behav. Neurosci. 99, 257–276. doi: 10.1037//0735-
7044.99.2.257

LeDoux, J. E. (2000). Emotion circuits in the brain. Annu. Rev. Neurosci. 23, 155–
184. doi: 10.1146/annurev.neuro.23.1.155

Lennartz, R. C., and Weinberger, N. M. (1992). Frequency-specific receptive field
plasticity in the medial geniculate body induced by pavlovian fear conditioning
is expressed in the anesthetized brain. Behav. Neurosci. 106, 484–497. doi: 10.
1037//0735-7044.106.3.484

Likhtik, E., Popa, D., Apergis-Schoute, J., Fidacaro, G. A., and Paré, D. (2008).
Amygdala intercalated neurons are required for expression of fear extinction.
Nature 454, 642–645. doi: 10.1038/nature07167

Loullis, C. C., Wayner, M. J., and Jolicoeur, F. B. (1978). Thalamic taste nuclei
lesions and taste aversion. Physiol. Behav. 20, 653–655. doi: 10.1016/0031-
9384(78)90259-7

Maren, S. (2001). Neurobiology of Pavlovian fear conditioning. Annu. Rev. Neu-
rosci. 24, 897–931. doi: 10.1146/annurev.neuro.24.1.897

Maren, S. (2005). Synaptic mechanisms of associative memory in the amygdala.
Neuron 47, 783–786. doi: 10.1016/j.neuron.2005.08.009

Maroun, M. (2013). Medial prefrontal cortex: multiple roles in fear and extinction.
Neuroscientist 19, 370–383. doi: 10.1177/1073858412464527

McDonald, A. J. (1991). Organization of amygdala projections to the prefrontal
cortex and associated striatum in the rat. Neuroscience 44, 1–14. doi: 10.
1016/0306-4522(91)90247-l

McDonald, A. J., Mascagni, F., and Guo, L. (1996). Projections of the medial
and lateral prefrontal cortices to the amygdala: a phaseolus vulgaris leucoag-
glutinin study in the rat. Neuroscience 71, 55–75. doi: 10.1016/0306-4522(95)
00417-3

Mickley, G. A., Kenmuir, C. L., McMullen, C. A., Yocom, A. M., Valentine, E. L.,
Dengler-Crish, C. M., et al. (2004). Dynamic processing of taste aversion
extinction in the brain. Brain Res. 1016, 79–89. doi: 10.1016/j.brainres.2004.
04.071

Mickley, G. A., Kenmuir, C. L., Yocom, A. M., Wellman, J. A., and Biada, J. M.
(2005). A role for prefrontal cortex in the extinction of a conditioned taste
aversion. Brain Res. 1051, 176–182. doi: 10.1016/j.brainres.2005.05.033

Milad, M. R., Orr, S. P., Lasko, N. B., Chang, Y., Rauch, S. L., and Pitman, R. K.
(2008). Presence and acquired origin of reduced recall for fear extinction in
PTSD: results of a twin study. J. Psychiatr. Res. 42, 515–520. doi: 10.1016/j.
jpsychires.2008.01.017

Milad, M. R., Pitman, R. K., Ellis, C. B., Gold, A. L., Shin, L. M., Lasko, N. B.,
et al. (2009). Neurobiological basis of failure to recall extinction memory in
posttraumatic stress disorder. Biol. Psychiatry 66, 1075–1082. doi: 10.1016/j.
biopsych.2009.06.026

Milad, M. R., and Quirk, G. J. (2002). Neurons in medial prefrontal cortex
signal memory for fear extinction. Nature 420, 70–74. doi: 10.1038/nature
01138

Milad, M. R., and Quirk, G. J. (2012). Fear extinction as a model for translational
neuroscience: ten years of progress. Annu. Rev. Psychol. 63, 129–151. doi: 10.
1146/annurev.psych.121208.131631

Misanin, J. R., Kaufhold, S. E., Paul, R. L., Hinderliter, C. F., and Anderson,
M. J. (2006). A time contraction effect of acute tail-pinch stress on the asso-
ciative learning of rats. Behav. Processes 71, 16–20. doi: 10.1016/j.beproc.2005.
09.001

Moran, A., and Katz, D. B. (2014). Sensory cortical population dynamics uniquely
track behavior across learning and extinction. J. Neurosci. 34, 1248–1257.
doi: 10.1523/jneurosci.3331-13.2014

Morris, R., Frey, S., Kasambira, T., and Petrides, M. (1999). Ibotenic acid lesions
of the basolateral, but not the central, amygdala interfere with conditioned
taste aversion: evidence from combined behavioral and anatomical tract-tracing
investigations. Behav. Neurosci. 113, 291–302. doi: 10.1037//0735-7044.113.
2.291

Muller, J., Corodimas, K. P., Fridel, Z., and LeDoux, J. E. (1997). Functional
inactivation of the lateral and basal nuclei of the amygdala by muscimol infusion
prevents fear conditioning to an explicit conditioned stimulus and to contextual
stimuli. Behav. Neurosci. 111, 683–691. doi: 10.1037//0735-7044.111.4.683

Nachman, M., and Ashe, J. H. (1974). Effects of basolateral amygdala lesions on
neophobia, learned taste aversions and sodium appetite in rats. J. Comp. Physiol.
Psychol. 87, 622–643. doi: 10.1037/h0036973

Nishijo, H., Uwano, T., Tamura, R., and Ono, T. (1998). Gustatory and multimodal
neuronal responses in the amygdala during licking and discrimination of
sensory stimuli in awake rats. J. Neurophysiol. 79, 21–36.

Norrholm, S. D., Jovanovic, T., Olin, I. W., Sands, L. A., Karapanou, I., Bradley, B.,
et al. (2011). Fear extinction in traumatized civilians with posttraumatic stress
disorder: relation to symptom severity. Biol. Psychiatry 69, 556–563. doi: 10.
1016/j.biopsych.2010.09.013

Pavlov, I. P. (1927). Conditioned Reflexes: An Investigation of the Physiological
Activity of the Cerebral Cortex. London: Oxford University Press.

Pérez-Jaranay, J. M., and Vives, F. (1991). Electrophysiological study of the
response of medial prefrontal cortex neurons to stimulation of the basolateral
nucleus of the amygdala in the rat. Brain Res. 564, 97–101. doi: 10.1016/0006-
8993(91)91357-7

Quirk, G. J., Armony, J. L., and LeDoux, J. E. (1997). Fear conditioning enhances
different temporal components of tonedevoked spike trains in auditory cortex
and lateral amygdala. Neuron 19, 613–624. doi: 10.1016/s0896-6273(00)80375-x

Quirk, G. J., Repa, J. C., and LeDoux, J. E. (1995). Fear conditioning enhances short-
latency auditory responses of lateral amygdala neurons: parallel recordings in
the freely behaving rat. Neuron 15, 1029–1039. doi: 10.1016/0896-6273(95)
90092-6

Repa, J. C., Muller, J., Apergis, J., Desrochers, T. M., Zhou, Y., and LeDoux,
J. E. (2001). Two different lateral amygdala cell populations contribute to the
initiation and storage of memory. Nat. Neurosci. 4, 724–731. doi: 10.1038/89512

Rescorla, R. A. (1996). Preservation of pavlovian associations through extinction.
Q. J. Exp. Psychol. 49B, 245–258.

Rescorla, R. A., and Heth, C. D. (1975). Reinstatement of fear to an extinguished
conditioned stimulus. J. Exp. Psychol. Anim. Behav. Process. 1, 88–96. doi: 10.
1037//0097-7403.1.1.88

Robbins, S. J. (1990). Mechanisms underlying spontaneous recovery in autoshap-
ing. J. Exp. Psychol. Anim. Behav. Processes. 16, 235–249. doi: 10.1037//0097-
7403.16.3.235

Rodrigues, S. M., Schafe, G. E., and LeDoux, J. E. (2004). Molecular mechanisms
underlying emotional learning and memory in the lateral amygdala. Neuron 44,
75–91. doi: 10.1016/j.neuron.2004.09.014

Rosenblum, K. (2008). “Conditioned taste aversion and taste learning: molecular
mechanisms.,” in Learning and Memory: A Comprehensive Reference, ed J. H.
Byrne (Amsterdam: Elsevier), 217–234.

Rosenblum, K., Meiri, N., and Dudai, Y. (1993). Taste memory: the role of protein
synthesis in gustatory cortex. Behav. Neural Biol. 59, 49–56. doi: 10.1016/0163-
1047(93)91145-d

Sah, P., Faber, E. S., Lopez De Armentia, M., and Power, J. (2003). The amygdaloid
complex: anatomy and physiology. Physiol. Rev. 83, 803–834. doi: 10.1152/
physrev.00002.2003

Schafe, G. E., and Bernstein, I. L. (1996). Forebrain contribution to the induction
of a brainstem correlate of conditioned taste aversion: I. The amygdala. Brain
Res. 741, 109–116. doi: 10.1016/s0006-8993(96)00906-7

Schafe, G. E., Nader, K., Blair, H. T., and LeDoux, J. E. (2001). Memory consolida-
tion of Pavlovian fear conditioning: a cellular and molecular perspective. Trends
Neurosci. 24, 540–546. doi: 10.1016/S0166-2236(00)01969-X

Schiller, D., Cain, C. K., Curley, N. G., Schwartz, J. S., Stern, S. A., Ledoux, J. E.,
et al. (2008). Evidence for recovery of fear following immediate extinction in
rats and humans. Learn. Mem. 15, 394–402. doi: 10.1101/lm.909208

Simbayi, L. C., Boakes, R. A., and Burton, M. J. (1986). Effects of basolateral
amygdala lesions on taste aversion produced by lactose and lithium chlo-
ride in the rat. Behav. Neurosci. 100, 455–465. doi: 10.1037//0735-7044.100.
4.455

Sotres-Bayon, F., and Quirk, G. J. (2010). Prefrontal control of fear: more than
just extinction. Curr. Opin. Neurobiol. 20, 231–235. doi: 10.1016/j.conb.2010.
02.005

Spector, A. C., Norgren, R., and Grill, H. J. (1992). Parabrachial gustatory lesions
impair taste aversion learning in rats. Behav. Neurosci. 106, 147–161. doi: 10.
1037//0735-7044.106.1.147

Frontiers in Behavioral Neuroscience www.frontiersin.org September 2014 | Volume 8 | Article 324 | 9

http://www.frontiersin.org/Behavioral_Neuroscience
http://www.frontiersin.org/
http://www.frontiersin.org/Behavioral_Neuroscience/archive


Joels and Lamprecht Fear conditioning and different memory extinction

Swank, M. W., and Bernstein, I. L. (1994). c-Fos induction in response to a
conditional stimulus after single trial taste aversion learning. Brain Res. 636,
202–208. doi: 10.1016/0006-8993(94)91018-9

Welzl, H., D’Adamo, P., and Lipp, H. P. (2001). Conditioned taste aversion as
a learning and memory paradigm. Behav. Brain Res. 125, 205–213. doi: 10.
1016/S0166-4328(01)00302-3

Westbrook, R. F., Iordanova, M., McNally, G., Richardson, R., and Harris, J. A.
(2002). Reinstatement of fear to an extinguished conditioned stimulus: two roles
for context. J. Exp. Psychol. Anim. Behav. Process. 28, 97–110. doi: 10.1037//0097-
7403.28.1.97

Xin, J., Ma, L., Zhang, T. Y., Yu, H., Wang, Y., Kong, L., et al. (2014). Involvement
of BDNF signaling transmission from basolateral amygdala to infralimbic
prefrontal cortex in conditioned taste aversion extinction. J. Neurosci. 34, 7302–
7313. doi: 10.1523/JNEUROSCI.5030-13.2014

Yamamoto, T. (2006). Neural substrates for the processing of cognitive and affective
aspects of taste in the brain. Arch. Histol. Cytol. 69, 243–255. doi: 10.1679/aohc.
69.243

Yamamoto, T., Fujimoto, Y., Shimura, T., and Sakai, N. (1995). Conditioned taste
aversion in rats with excitotoxic brain lesions. Neurosci. Res. 22, 31–49. doi: 10.
1016/0168-0102(95)00875-t

Zeger, S. L., and Liang, K. Y. (1986). Longitudinal data analysis for discrete and
continuous outcomes. Biometrics 42, 121–130. doi: 10.2307/2531248

Conflict of Interest Statement: The authors declare that the research was conducted
in the absence of any commercial or financial relationships that could be construed
as a potential conflict of interest.

Received: 13 July 2014; accepted: 01 September 2014; published online: 30 September
2014.
Citation: Joels G and Lamprecht R (2014) Fear memory formation can affect a different
memory: fear conditioning affects the extinction, but not retrieval, of conditioned
taste aversion (CTA) memory. Front. Behav. Neurosci. 8:324. doi: 10.3389/fnbeh.
2014.00324
This article was submitted to the journal Frontiers in Behavioral Neuroscience.
Copyright © 2014 Joels and Lamprecht. This is an open-access article distributed under
the terms of the Creative Commons Attribution License (CC BY). The use, distribution
or reproduction in other forums is permitted, provided the original author(s) or licensor
are credited and that the original publication in this journal is cited, in accordance with
accepted academic practice. No use, distribution or reproduction is permitted which
does not comply with these terms.

Frontiers in Behavioral Neuroscience www.frontiersin.org September 2014 | Volume 8 | Article 324 | 10

http://dx.doi.org/10.3389/fnbeh.2014.00324
http://dx.doi.org/10.3389/fnbeh.2014.00324
http://creativecommons.org/licenses/by/4.0/
http://www.frontiersin.org/Behavioral_Neuroscience
http://www.frontiersin.org/
http://www.frontiersin.org/Behavioral_Neuroscience/archive

	Fear memory formation can affect a different memory: fear conditioning affects the extinction, but not retrieval, of conditioned taste aversion (CTA) memory
	Introduction
	Materials and Methods
	Animals
	Fear conditioning
	Fear conditioning extinction
	Conditioned taste aversion
	Statistics

	Results
	Cued fear conditioning impairs the extinction of future memory
	Fear conditioning has no effect on CTA memory retrieval
	Extinguished fear memory has no effect on CTA memory extinction
	Fear conditioning has no effect on CTA memory extinction if CTA memory was formed before fear learning
	CTA memory has no effect on fear conditioning memory extinction

	Discussion
	Author contributions
	References


