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We investigated whether cycloheximide (CHX) would induce amnesia for the stress-induced impairment of extinction re-
trieval. First, a single restraint stress session was demonstrated to impair extinction retrieval, but not fear conditioning.
A second experiment showed that when CHX was administered immediately after restraint, rats exhibited significant extinc-
tion retrieval at test (i.e., retrograde amnesia for the stress). In a third experiment, the stress session impaired various
amounts of extinction durations, suggesting that the stress inhibited extinction retrieval rather than enhancing the original
fear learning. These results suggest memories for acute stress are susceptible to disruption, which could have clinical

implications.

Exposure therapy, an effective and widely used treatment for anx-
iety disorders (e.g., specific phobias, obsessive compulsive disorder,
and posttraumatic stress disorder) is based on the principles of ex-
perimental extinction learning (Mineka and Zinbarg 2006; Telch
et al. 2014). Extinction is a procedure where cues (conditioned
stimuli—CS) that have been previously paired with a biologically
relevant reinforcer (unconditioned stimuli—US) are presented
without the reinforcement. This unreinforced cue exposure causes
a reduction in the learned response (conditioned response—CR).
Using similar procedures, exposure therapies involve presenting
the individual with the fear-provoking stimuli with the objective
of reducing fear. However, although there is a reduction in the
CR, it is now widely accepted that extinction does not involve un-
learning of the original association, but rather new learning
(Bouton 2002, 2004). Moreover, research has shown that extinc-
tion learning forms a separate competing memory that is suscepti-
ble to disruption and shares similar characteristics with original
acquisition memories (Suzuki et al. 2004; Power et al. 2006;
Briggs and Riccio 2007; Briggs and Olson 2013).

Various stressors occurring prior to conditioning and extinc-
tion have been shown to disrupt extinction performance, while ei-
ther enhancing or having little to no effect on original acquisition.
For example, chronic restraint stress (3 h a day for a week) impaired
extinction recall in rats using a conditioned emotional response
task (Miracle et al. 2006). Elevated platform stress has also been
shown to disrupt extinction in rats after auditory and contextual
fear conditioning (Akirav and Maroun 2007), as well as an inhibi-
tory avoidance task (Ganon-Elazar and Akirav 2009). In addition,
forced swim stress in a mouse model has prevented extinction
retrieval using a cued fear task (Izquierdo et al. 2006), and the
single-prolonged stress (SPS) protocol which includes three stress-
ors of restraint stress, swim test, and exposure to ether has been
shown to disrupt extinction using various learning paradigms
(for review, see Lisieski et al. 2018). Possible neural mechanisms
for the stress-induced blocking of extinction have been linked
to alterations in various extinction circuits, including the prefron-
tal cortex, the hippocampus, and the amygdala (for review, see
Maren and Holmes 2016). This stress-induced impairment of ex-
tinction is problematic for exposure therapies that are used to treat
various anxiety disorders and posttraumatic stress disorder because
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any stress or stress response occurring before treatment involving
exposure to the fearful stimuli could impact extinction learning.

That various stress protocols disrupt the retrieval of fear ex-
tinction while leaving the original acquisition intact suggests
that the expression or retrieval of extinction (i.e., reduction of
fear) may be inhibited. Thus, we sought to investigate whether
there was a memory for the stress event that competed with extinc-
tion learning for behavioral control. If so, we hypothesized that
amnesia for the stress would allow the retrieval of extinction,
which would result in effective reduction of fear. In fact, others
have demonstrated blocking the stress-induced impairment of ex-
tinction by lesioning the infralimbic cortex (Farrell et al. 2010) and
by injecting neuropeptide S into the lateral amygdala (Chauveau
et al. 2012). Additionally, it has been reported that the NMDA ag-
onist D-cycloserine, which has been shown to enhance learning,
into the BLA can reverse the detrimental effects of stress on extinc-
tion retention (Akirav et al. 2009; Yamamoto et al. 2008). Thus, the
aim of the current research was to examine whether a memory fora
stress event would be susceptible to the traditional amnestic agent
cycloheximide (CHX), a protein synthesis inhibitor.

In Experiment 1, we first sought to replicate the stress-induced
impairment of extinction retrieval using a passive avoidance proce-
dure in adult female Long-Evans rats. The rats were randomly as-
signed to one of four groups (see Table 1) before two groups
received a single restraint stress session. The stress consisted of
restraining the rats in a plastic restraint cone, DecapiCone
(Braintree Scientific, Inc.), so that they were immobile for 60
min. Nonstress controls remained undisturbed in their home cag-
es. Forty-eight hours after the stress session, all animals received
punishment training.

Training, extinction, and testing were conducted in a black-
white passive-avoidance chamber that was divided into two com-
partments (Ugo Basile Model 7551). Training involved placing
the rat in the white side of the shuttle box with the door closed,
then after a brief period (15 sec), the door was opened allowing
the rat to cross to the black side. A control unit timed the latency
to cross into the black compartment (in seconds). Once the rat
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Retrograde amnesia for stress

Table 1. Experimental design for Experiment 1
Probe/
Group Stress 48 h Training 24 h Extinction 24h Test
No Ext No Yes No Yes
Extinction No Yes Yes Yes
Stress/No Yes Yes No Yes
Ext
Stress/Ext Yes Yes Yes Yes

Ext, extinction; n=9 for each group.

entered the black side, the door closed and a single inescapable
footshock (1 sec, 0.8 mA) was delivered. The footshock was admin-
istered 3 sec after the door closed and the animal was removed
12 sec following the footshock. This fear conditioning produces
fear of the black compartment. Mean cross latencies for the groups
at training ranged from 14.7 to 16.9 sec. An ANOVA revealed no
differences in cross latencies at training among the four groups
(F(3'32) = 0068, P> 050)

Twenty-four hours after being trained, two of the four groups
(one stressed and one nonstressed) received a single extinction tri-
al. In this session, rats first received a 1-min probe trial to assess ini-
tial avoidance before being forced to the black compartment. Each
rat was first placed in the white compartment of the shuttle box for
15 sec, then the door separating the compartments opened allow-
ing the animals access to the black compartment. The door re-
mained open for 1 min. No animals crossed during the fear
probe trial. After 1 min, the animal was removed from the white
compartment and was placed in the black compartment for 10
min. Rats were not able to cross between compartments during
the extinction session, as the door was closed at all times. The pa-
rameters chosen for extinction were similar to those of previous
studies (Briggs and Riccio 2007; Briggs and Olson 2013). Two non-
extinction control groups (one stressed and one nonstressed) did
not receive the probe trial or extinction, but were merely tested
to evaluate the level of fear without any extinction treatment.

Twenty-four hours after the extinction session and 48 h after
training for the no extinction control groups, all rats underwent
passive-avoidance testing. Test trials were conducted identically
to training trials with the rat starting in the white side of the shuttle
box, except that no shocks were delivered upon entering the black
compartment. After crossing to the black side, the door automati-
cally closed, and the rat was removed from the chamber and re-
turned to its home cage. Testing lasted for 5 min, and the rats
that did not cross to the black compartment were removed from
the white side. The latency to cross to the black compartment (in
seconds) was recorded as the dependent measure.

Figure 1 shows the mean cross latencies for all four groups at
test. An ANOVA revealed that the groups differed significantly,
F3,32)=4.89, P=0.007. Tukey HSD multiple comparison proce-
dures were used to compare group differences. As can be seen,
the No Ext, Stress/No Ext, and Stress/Ext groups all had long cross
latencies and there were no differences among those three groups
(P's>0.05). The Extinction group showed less fear (shorter laten-
cies) and differed significantly from the other three groups (P’s<
0.049), illustrating that the 10 min of exposure to the black side
was sufficient to produce extinction. Importantly, however, the ex-
tinction group that received restraint stress prior to training had
significantly longer latencies compared to the extinction only
group (P<0.049), demonstrating that the restraint stress disrupted
extinction retrieval.

These results show that an acute restraint stress session 48 h
prior to training (72 h before extinction) can disrupt extinction re-
tention, replicating the stress-induced impairment of extinction.
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That original learning occurred (i.e., stressed animals were able to
learn to fear the black compartment) while the competing extinc-
tion learning was disrupted provides evidence that the stress im-
paired the retrieval of extinction, and not original acquisition.

Experiment 2 served to determine whether the memory for
the acute restraint stress was susceptible to disruption. That is,
would the administration of a traditional amnestic agent, the pro-
tein synthesis inhibitor CHX, immediately following restraint
stress produce retrograde amnesia (i.e., forgetting events that oc-
curred prior to the amnestic insult). If so, this should alleviate
the stress-induced impairment of extinction. All stress sessions,
training, extinction, and testing were identical to Experiment 1 ex-
cept where noted. Rats were randomly assigned to one of two
groups (see Table 2) and both groups received a single restraint ses-
sion. After the 1-h restraint, before the animals were removed from
the cone, a control group (Saline) received an injection of physio-
logical saline (1 mg/kg ip, 0.9%) and the other (CHX) was injected
with cycloheximide (1 mg/kg ip, premixed concentration of 0.1%;
Oxoid Ltd.).

Forty-eight hours after restraint, both groups received train-
ing. Mean cross latencies at training were 10.3 sec for the Saline
group and 14.0 sec for the CHX group. An independent t-test re-
vealed no differences in cross latencies at training between the
groups, ti6=1.05, P>0.30. Twenty-four hours after training,
both groups received a single extinction session. No animals
crossed during the 1-min probe trial. Testing for passive avoidance
(fear of black compartment) was conducted 24 h after extinction.
The latency to cross to the black compartment (in seconds) was re-
corded as the dependent measure.

Figure 2 shows the mean cross latency scores for both groups
at testing. An independent t-test revealed that the groups differed
significantly, t6)=2.39, P=0.03. As can be seen, the CHX group
had shorter cross latencies, suggesting that the protein synthesis
inhibitor administered immediately after restraint stress alleviated
the stress-induced impairment of extinction. Thus, CHX produced
retrograde amnesia for the restraint stress session. It is worth noting
that the Saline group in this experiment had a similar latency score
to the Stress/Ext group in Experiment 1 (168 and 207 sec, respec-
tively), suggesting that the stress-induced impairment of extinc-
tion was replicated. Moreover, the CHX group in the second
experiment displayed similar latency scores (65 sec) to the
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Figure 1. Mean (+SEM) latency to cross to the black side of the black—

white shuttle box in seconds for all groups in Experiment 1. Long
latency scores for the No Ext, Stress/No Ext, and Stress/Ext groups repre-
sent significant fear. Decreased latency scores for the group that did not
receive stress before training and extinction (Extinction) represents a sig-
nificant reduction of fear. Increased latency scores for the group that re-
ceived stress 48 h before training (Stress/Ext) compared to the no stress
extinction group (Extinction) represents the stress induced impairment
of extinction.
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Table 2. Experimental design for Experiment 2

Group Stress Injection 48 h Training 24 h Probe/Extinction 24 h Test
Saline Yes Saline Yes Yes Yes
CHX Yes CHX Yes Yes Yes

CHX, Cycloheximide; n=9 for each group.

Extinction group (91 sec) in Experiment 1, suggesting that the an-
imals that received the amnestic treatment were able to learn and
retrieve extinction. To our knowledge, these findings are the first
to show that the inhibition of protein synthesis retroactively
blocks the effects of stress on extinction. As mentioned above, sev-
eral studies have demonstrated blocking the stressed-induced
impairment of extinction using various agents. The current results
suggest that the memory for stress may depend on protein
synthesis as do other memories (see Davis and Squire 1984).
Understanding the memory mechanisms of stress combined
with the impact that stress has on extinction, thatis, that the mem-
ory for stress may be similar to other memories, could have impor-
tant clinical implications.

Experiment 3 was conducted to assess whether restraint stress
enhanced fear conditioning or blocked the retrieval of extinction.
Both enhancing conditioning and blocking extinction could ac-
count for the stress-induced impairment of extinction either by
making extinction less effective due to stress enhancing fear condi-
tioning or by making extinction less effective due to blocking ex-
tinction retrieval, respectively. Stress has been shown to enhance
fear learning (Shors et al. 1992; Cordero et al. 2003), which makes
it important to determine whether stress enhanced fear condition-
ing or blocked extinction retrieval in the current paradigm. To
test this, we increased the amount of extinction, which has
been shown to be effective in decreasing the CR in a variety of
learning paradigms (Domjan 2015). Thus, increasing extinction
may determine whether stress enhanced conditioning or blocked
extinction. We postulated that more extinction would attenuate
the stress-induced impairment of extinction observed in our exper-
iments if the effect was due to the enhancement of conditioning;
however, if stress impaired the retrieval of extinction, we would
continue to observe impaired extinction.

Stress sessions, training, extinction, and testing were identical
to Experiment 1 except where noted. Rats were randomly assigned
to one of eight groups (see Table 3) before four groups received a
single restraint session. The nonstress groups remained in their
home cages. Forty-eight hours after stress, all animals received
punishment training. Mean cross latencies for the groups at train-
ing ranged from 10.8 to 14.8 sec. An ANOVA revealed no differ-
ences in cross latencies at training among the groups (F7,e4)=
0.387, P>0.50). Extinction occurred 24 h after training. For
extinction, two groups (a stressed group and a nonstressed group)
received either 10 min, 15 min, or 20 min of extinction. Two fear
control groups (No Ext) did not receive extinction. No animals
crossed during the extinction probe trial. Testing for passive avoid-
ance (fear of black compartment) was conducted 24 h after extinc-
tion. The latency to cross to the black compartment (in seconds)
was recorded as the dependent measure.

Figure 3 shows the mean cross latency scores for all groups at
testing. An ANOVA revealed that the groups differed significantly,
F764=9.43, P<0.001. Tukey HSD multiple comparison proce-
dures were used to compare differences between the groups. As
can be seen, the No Ext control fear groups exhibited long cross la-
tencies and were not different (P>0.05). The nonstressed extinc-
tion groups all had significantly shorter latencies compared to
the no extinction controls (P’s <0.007), suggesting that the various
extinction durations were effective at reducing fear. The stressed
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extinction groups, however, all exhibited long latency scores and
were not different than the stressed No Ext control group (P’s>
0.05) nor different from each other (P’s>0.05). Thus, increasing
the cue exposure duration failed to alleviate the stress-induced im-
pairment of extinction. From these results we postulate that the
stress-induced impairment of extinction in this paradigm results
from blocking extinction retrieval, rather than enhancing fear
conditioning. These findings are consistent with other research
demonstrating that various stressors disrupt the retrieval of extinc-
tion in human and nonhuman models (Lisieski et al. 2018). If the
stress does in fact prevent extinction retrieval then the retrograde
amnesia observed in Experiment 2 was due to forgetting of the
stress effects inhibiting the retrieval of extinction.

It is important to know whether the beneficial results that
lead to the retrieval of extinction produced by amnesia for stress
is due to the inhibition of protein synthesis inhibition, that is,
the prevention of consolidation (McGaugh 2000), or through oth-
er potential mechanisms such as the retrieval-based hypothesis of
retrograde amnesia (Gisquet-Verrier et al. 2015). We have begun
investigating whether retrograde amnesia for acute restraint stress
memories shares similar characteristics with original acquisition
memories (e.g., a temporal gradient). In addition, research investi-
gating whether memories for other stress paradigms (e.g., SPS, ele-
vated platform) that impair extinction retrieval are also vulnerable
to disruption could lead to further insight into the memory mech-
anisms of the stressed-induced impairment of extinction.
Understanding the mechanisms involved in the stressed-induced
impairment of extinction could lead to better exposure-based
therapies.

In summary, the current findings contribute to the literature
on retrograde amnesia by demonstrating that acute restraint stress
is susceptible to disruption induced by a protein synthesis inhibi-
tor. In addition, these results indicate that memories for stress
events may be similar to other memories. Moreover, that the retro-
grade amnesia for stress alleviated the impairment of extinction
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Figure 2. Mean (+SEM) latency to cross to the black side of the black-
white shuttle box in seconds for both groups in Experiment 2. Longer
latency scores for the Saline group that was stressed 48 h prior to training
replicates the stressed induced impairment of extinction. Decreased
latency scores for the group injected with CHX following stress compared
to the increased scores for the Saline group shows retrograde amnesia for
the stress memory.

Learning & Memory



Retrograde amnesia for stress

Table 3. Experimental design for Experiment 3
Group Stress 48 h Training 24 h Probe/Extinction 24 h Test
NS—No Ext No Yes No Yes
S—No Ext Yes Yes No Yes
NS—10 min Ext No Yes 10 min Yes
S—10 min Ext Yes Yes 10 min Yes
NS—15 min Ext No Yes 15 min Yes
S—15 min Ext Yes Yes 15 min Yes
NS—20 min Ext No Yes 20 min Yes
$—20 min Ext Yes Yes 20 min Yes
NS, No Stress; S, Stress; n=9 for each group.
300 B No Stress Chauveau F, Lange MD, Jiingling K, Lesting J, Siedenbecher T, Pape H-C.
= st 2012. Prevention of stress-impaired fear extinction through
250 _:LL ress neuropeptide S action in the lateral amygdala. Neuropsychopharmacology
o 37:1588-1599. doi:10.1038/npp.2012.3
g Cordero MI, Venero C, Kruyt ND, Sandi C. 2003. Prior exposure to a single
- 200 stress facilitates subsequent contextual fear conditioning in rats:
o evidence for a role of corticosterone. Horm Behav 44: 338-345. doi:10
g 150 .1016/S0018-506X(03)00160-0
© Davis HP, Squire LR. 1984. Protein synthesis and memory: a review. Psychol
™ Bull 96: 518-559. doi:10.1037/0033-2909.96.3.518
8 100 Domjan M. 2015. The principles of learning and behavior, 7th ed. Cengage
= Learning, Stamford, CT.
o 50 Farrell MR, Sayed JA, Underwood AR, Wellman CL. 2010. Lesion of
infralimbic cortex occludes stress effects on retrieval of extinction but
i i not fear conditioning. Neurobiol Learn Mem 94: 240-246. doi:10.1016/j
No Ext 10minExt  15minExt  20minExt -nlm.2010.06.001 o o
Group Ganon-Elazar E, Akirav I. 2009. Cannabinoid receptor activation in the

Figure 3. Mean (£SEM) latency to cross to the black side of the black—
white shuttle box in seconds for all groups in Experiment 3. Dark bars rep-
resent the no stress control groups. Light shaded bars represent the
stressed experimental groups. Long latency scores for the two No Ext
control groups represent significant fear. Shorter latency scores for the
No Stress extinction groups represents significant extinction. The longer
latencies for the Stress extinction groups demonstrate that stress prior to
training and extinction impaired the various amounts of cue exposure
duration.

suggests that forgetting the stress could enhance extinction learn-
ing, which could have clinical applications.
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