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ABSTRACT

While fear and anxiety can grow over time in anxiety disorders, most efforts to model this
phenomenon with fear conditioning in rodents cause fear that remains stable or decreases
across weeks or months. Here, we describe several methods to induce conditioned fear
that grows over the course of 1 month and is sustained for at least 2 months using an
extended fear conditioning approach. These methods include a very reliable standard
method that causes multiple fear measures to increase over months, as well as alternative
methods. Curr. Protoc. Neurosci. 64:6.27.1-6.27.11. C© 2013 by John Wiley & Sons, Inc.
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INTRODUCTION

An unfortunate aspect of post-traumatic stress disorder (PTSD) is that, under certain
conditions, PTSD-related fear and anxiety can grow over extended periods following the
cessation of traumatic events, now termed delayed-onset PTSD (Andrews et al., 2007).
This prompted the search for novel animal models to probe the neurobiological basis of
delayed-onset PTSD and to facilitate the search for potential therapeutic strategies and
treatments. One promising avenue for studying anxiety disorders in laboratory animals
is to use Pavlovian fear conditioning, which has long been hypothesized to be related
to anxiety disorders (Watson and Rayner, 1920; Mowrer, 1939; Eysenck, 1979). In fear
conditioning, an initially neutral cue (e.g., a tone or an environment) is paired with an
aversive stimulus (e.g., a footshock). However, under most conditions, conditioned fear
in rodents remains stable or decreases slightly in the weeks and months following fear
conditioning (Gleitman and Holmes, 1967; Hendersen, 1978; Quirk, 2002; Gale et al.,
2004). In addition, several previous demonstrations of incubation of contextual fear have
reported inconsistent results across rodent strains, age or experiment procedures (Houston
et al., 1999; Balogh and Wehner, 2003; Frankland et al., 2004), or cause fear that increases
up to 14 days and then fades (Balogh et al., 2002). Other fear conditioning procedures
involve conditioned contextual fear training and cause increased fear generalization to
other contextual or discrete auditory cues, but do not increase fear to the trained context
(“generalization” rather than “incubation” of fear to the conditioned cue) (Siegmund and
Wotjak, 2007; Wiltgen and Silva, 2007). However, we recently found that an extended
fear conditioning procedure, in which rats receive 100 shocks paired with tones over
10 days, causes reliable fear incubation that emerges 1 month after fear conditioning and
is sustained for at least 2 months after the end of fear training (Pickens et al., 2009a,b,
2010).

The protocols within this unit describe procedures to produce fear incubation. The Basic
Protocol very reliably produces fear incubation, with multiple demonstrations of this
phenomenon in several papers (Pickens et al., 2009a,b, 2010). Alternate Protocol 1 gives
details of a procedure to produce fear incubation with longer cues that may more closely
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model the human clinical problem of maladaptive anxiety, rather than a fear response,
which may be an adaptive response to an imminent threat (Waddell et al., 2006; Walker
and Davis, 2008; Davis et al., 2009). Alternate Protocol 2 gives details of a procedure
to produce fear incubation in rats that are not performing a concurrent lever-press task
to earn food, which has greater similarity to the fear conditioning procedure commonly
used in other laboratories (LeDoux, 2000; Maren, 2001; Fanselow and Gale, 2003).The
most crucial factor appears to be the extended fear training; it seems likely that other
experimental parameters can be adjusted according to the needs of a particular laboratory
(as described below in the Critical Parameters and Troubleshooting section).

NOTE: All protocols using live animals must first be reviewed and approved by an Insti-
tutional Animal Care and Use Committee (IACUC) and must follow officially approved
procedures for the care and use of laboratory animals.

BASIC
PROTOCOL

CONCURRENT FREEZING/CONDITIONED SUPPRESSION INCUBATION
WITH SHORT CUES

This is the standard protocol that has been used repeatedly for pharmacological testing and
investigations into the time-course and mechanisms underlying fear incubation (Pickens
et al., 2009a,b, 2010). It has reliably produced fear incubation under a wide variety
of feeding conditions and after other manipulations were given (e.g., i.p., s.c., or i.c.v.
injections) and allows for two measures of fear conditioning: conditioned suppression of
lever-pressing for food (Estes and Skinner, 1941) and conditioned freezing. A schematic
of the experimental timeline for this protocol is depicted in Figure 6.27.1.

Materials

Rats (e.g., Long-Evans rats from Charles River Laboratory weighing 250 to 500 g;
singly housed for the duration of the experiment)

Food chow
45 mg food pellets (e.g., # F00021, 5.5% fat, 60% carbohydrate, 4.5% fiber;

Bioserv)

A scale with gram sensitivity to weigh rats and food chow
Operant chambers (e.g., previous experiments have used Med Associates chambers

with a retractable “active lever,” pellet dispenser to deliver 45-mg pellets,
Sonalert tone generator, red houselight, and shock generators programmed to
deliver scrambled shocks)

A video camera for closed captioned viewing/recording of behavior (e.g., a system
from Coulbourn Instruments mounted to the top of each chamber, extending
2 cm into the chamber with software to record behavior, has been used)

Software to control operant chambers installed on a desktop computer (e.g., Med
Associates software- Med-PC-IV and Trans-IV; sample Trans-IV programs for
all experimental phases for all three protocols are available by emailing the
authors or at http://www.pickenslab.net)

A computer with software to view videos of rat behavior
A metronome (mechanical or a metronome program)

Phase I: Food restriction
1. Let the rats acclimate to the colony room for at least one week and ensure that they

weigh 300 g or more before food restriction begins.

2. Weigh the rats to determine their initial weight, and multiply this weight by 0.85 to
determine their target weight.

3. Food restrict rats to 85% of their free-feeding weight by giving rats 4 g of food chow
per day until their weight reaches their target weight.
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Lever-press training
1 session “magazine-train”
2 sessions FI1
1 session VI-30
2 sessions VI-60 

Conditioned fear training
10 sessions VI-60
ten tone�0.5 mA, 0.5-sec 
shock pairings per session
(one per 30-sec cue or 
two per 6-min cue) 

Incubation period
(2 or 31 days)

Lever reacquisition
(day 1 or 30)
1 session VI60
no tones� no shocks

Cue test
1 session VI-60
no shocks
(four 30-sec tones 
or one 6-min tone)

Limited access to regular food,  single housed

Figure 6.27.1 Time-line for the Basic Protocol and Alternate Protocol 1.

4. Begin maintenance feeding to keep the rats at 85% of their free feeding weight.

The definition of “85% of free feeding weight” can have multiple interpretations—either
85% of initial weight at the start of food restriction (without subsequent growth) or 85%
of initial weight with subsequent growth to track the normal increase in weight that occurs
as the rats age. If the goal is to maintain the rats at 85% of their initial weight, give the
rats 14 g of food chow for maintenance feeding if they are at their appropriate weight.
For every gram overweight, give 1 g less with a minimum of 4 g per day. For every gram
underweight, give rats 0.5 g more with a maximum of 21 g. If the goal is to allow the rats
to slowly grow from their 85% weight, give rats 18 to 20 g food per day for maintenance
feeding. On days where rats earn food in the operant chambers, subtract the weight of the
food earned from the daily food ration. Both methods of maintenance feeding maintain
lever-pressing at a constant level across a 1-month incubation interval. These feeding
conditions were determined in male Long-Evans rats, and some adjustments may need to
be made for other rat strains.

5. Keep the rats on maintenance feeding for at least 4 days before beginning condition-
ing sessions and continue maintenance feeding for the duration of the experiment.

Phase II: Magazine training and lever press training
6. Give the rats a session of magazine training in order to learn the location of food

delivery and any clicking noises or vibrations that accompany the delivery of food
(e.g., a sample program that delivers a single food pellet every 125 sec during a
60-min session with the active lever retracted).

7. On the following day, train the rats to lever-press for food pellets under a schedule
where all or most lever-presses lead to food pellet delivery.

A fixed-interval-1 (FI-1) schedule, in which lever-presses can earn a pellet each sec, is
effective in teaching rats to lever-press with steady reinforcement while minimizing the
occurrence of multiple food pellet deliveries within seconds caused by rats “playing with”
the lever. Two sessions in a single day (morning and afternoon) with a maximum duration
of 60 min or 50 food pellets work well. Any rat that does not reach 50 reinforcements
with the afternoon session should be given an additional 3-hr session with a water bottle
present in the chamber immediately after the afternoon session.

8. Train the rats to lever-press on a variable interval (VI) schedule, in which there is
reinforcement for the first lever-press after an unpredictable interval from the time
of the last pellet delivery.

VI schedules maintain a steady level of responding and movement while preventing the
rats from earning a large number of pellets that would cause satiation and lower levels of



Incubation of Fear

6.27.4

Supplement 64 Current Protocols in Neuroscience

responding at the end of the session (∼120 to 150 food pellets within a 90-min session).
Rats can be given a single session on a VI-30 schedule (pellet availability for lever presses
ranging from 1 to 59 sec), followed by two once-daily sessions on a VI-60 schedule (pellet
availability for lever-presses ranging from 1 to 119 sec).

Phase III: Fear conditioning
9. Give the rats 10 days of fear conditioning with a discrete cue that predicts a mild

footshock, with the lever available and lever-pressing reinforced on a VI schedule.

This extended “overtraining” is necessary to produce a low level of fear that grows over
time, since a single day of fear conditioning tends to cause fear that is high initially and
does not increase over time. To achieve this, daily 90-min sessions, each involving 10 ×
30-sec tones that co-terminate with a mild footshock (0.5-sec, 0.5-mA), are recommended.

10. Measure conditioned fear during fear conditioning for each session using the mea-
sures of conditioned suppression of lever-pressing or conditioned freezing.

Conditioned suppression can be measured with a formula (Armony et al., 1997) to adjust
lever pressing during the 30-sec tone with baseline lever-pressing in the 30-sec period
immediately before tone delivery:

Suppression ratio = (Responses during precue period Respon− sses during the tone)
(Responses during the precue period +  Responses during the tone)

The maximum value on this scale is 1.00 and the minimum value is −1.00. A positive
suppression ratio indicates a decrease in lever-pressing during the tone and a negative
suppression ratio indicates an increase in lever-pressing during the tone. A suppression
ratio of 1 indicates complete suppression of lever-pressing during the tone (high fear), a
suppression ratio of 0 indicates that there is no change in the lever-pressing during the tone
(no fear). Analyzing conditioned suppression using this measure gives identical statistical
results as analyzing conditioned suppression using the Annau-Kamin ratio (Annau and
Kamin, 1961), in which lower scores indicate higher fear. To minimize variability due to
trial-by-trial differences in pre-cue lever-pressing or trials in which rats may not make any
lever-presses (and would require dividing by 0), responses during the pre-cue and tone
periods can be summed to calculate a single suppression ratio value for each conditioning
session.

If a video camera is present in the chamber, it is also possible to measure conditioned
freezing across the conditioning days. In this case, videos should be scored for freezing
[immobility except for movement related to breathing (Fanselow, 1980)], at regular timed
intervals (e.g., every 2 sec as indicated by a metronome or stopwatch).

Different feeding conditions lead to different fear acquisition curves. Keeping the rats
at 85% of their initial weight tends to cause conditioned suppression to peak around
sessions two to four and decrease as further sessions are conducted. Feeding rats so
that they grow over time from their 85% weights tends to cause an asymptotic level of
conditioned suppression by day 2 to 3 that does not decrease. However, both procedures
cause fear to incubate during testing.

Phase IV: Fear incubation testing
11. Weigh and feed the rats daily during the incubation interval according to the main-

tenance feeding procedure until the test days.

For maximum fear incubation, rats should be tested for conditioned fear on post-
conditioning days 1 and 2 and after one month (e.g., day 30 and 31). Fear incubation
does not appear within 15 days after conditioning, and fear appears to have reached
its maximum after 1 month and does not further increase at 2 months (see Fig. 6.27.2).
However, fear is similar between 1 and 2 months, and a 2-month test could be used if
experimental timing or intervening manipulations make it necessary. In addition, fear
incubation is reliably seen in both between-subjects (e.g., one group tested for the first
time on day 1 and 2 and another group tested for the first time on day 30 and 31) and
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Figure 6.27.2 Time-course of fear incubation using the procedure described in the Basic Proto-
col. The measure of fear is conditioned suppression of lever-pressing (mean + SEM). ∗Significantly
different from day 2 (p < 0.05). Adapted, with permission, from Pickens et al. (2009b).

within-subjects (e.g., one group tested on day 1 and 2 and then retested on day 30 and
31) comparisons.

12. On the last day of the incubation interval (e.g., day 1 or day 30), give rats a lever-press
reacquisition session, in which they can lever-press for food pellets without any fear
cues or shocks in the context where cued fear testing will occur.

For a maximal fear incubation effect, all testing should take place in the chamber where
fear conditioning occurred. In previous studies (e.g., Pickens et al., 2009a,b, 2010), this
session has been equivalent to the VI-60 lever-press training session that occurs before
fear conditioning (rats lever-press on a VI-60 schedule for 90 min, with no tones or shocks
present). This acts to stabilize the lever-pressing to a steady level so that suppression of
lever-pressing can be measured against a steady baseline. This training also functions to
extinguish any contextual fear conditioning so that fear to the cue can be measured with
minimal contributions from contextual fear. While this is technically also a contextual fear
test, no significant differences in lever-press rates have been seen either in the first 5-min
block or across the entire 90-min session. No systematic measurement of conditioned
freezing has been done in the lever-press reacquisition session.

13. On the day after the lever reacquisition session, give the rats a session where the
fear cue is repeatedly presented without shock. Measure conditioned freezing and/or
conditioned suppression and compare the behavior at the different time points to
determine the fear incubation effect.

In past experiments (e.g., Pickens et al., 2009a,b, 2010), the rats were presented with
four 30-sec tones during a 35-min test, but no shocks were presented (extinction testing).
The measures of fear are the suppression ratio and conditioned freezing during the
tone. Depending on the particular procedure and fear measure used, differences in fear
responding may be maximal on the first trial and grow smaller or may be hidden by ceiling
effects and may emerge across the course of the extinction test. However, differences in
fear responses between day 2 and day 31 tend to disappear after approximately three to
four trials.

ALTERNATE
PROTOCOL 1

FEAR/ANXIETY INCUBATION WITH LONG CUES

The majority of fear incubation studies have used relatively short cues (30-sec long) with
highly predictable shocks to induce relatively strong emotional responses (proposed to
model “fear”). However, it is also possible to cause incubation of a more diffuse emotional
state by pairing longer cues (minutes long) with unpredictable shocks (proposed to model
“conditioned anxiety”) (Pickens et al., 2010). The procedure is very similar to those used
in the Basic Protocol (see Fig. 6.27.1), with differences in the length of the tone cue and
the timing of the shocks. For materials, see the Basic Protocol.
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Phase I and Phase II
1. Conduct phase I (food restriction) and phase II (magazine training and lever-press

training) as in the Basic Protocol (see steps 1 to 8).

Phase III: Fear conditioning
2. Give the rats 10 days of fear conditioning in which shocks occur at unpredictable

times during extended (minutes long) cues, instead of exclusively at the end of the
cues.

In a previous experiment (e.g., experiment 2 in Pickens et al., 2010), each session contained
five 6-min long tones with 2 × 0.5-sec, 0.5-mA footshocks occurring at unpredictable times
during each tone presentation (10 shocks total per session).

3. Measure conditioned fear during fear conditioning for each conditioning session
using the measures of conditioned suppression of lever-pressing and/or conditioned
freezing.

For this manipulation, suppression ratios for conditioned suppression can be calculated
based on the rate of responding (responses/min) during a 2-min pre-cue period and
compared to the rate of responding during the tone itself.

Phase IV: Fear incubation testing
4. Conduct the incubation interval feeding and lever-press reacquisition session as in

Basic Protocol (steps 11 and 12).

5. On the day after the lever reacquisition session, give rats a session where the fear
cue is repeatedly presented without shock. Measure conditioned freezing and/or
conditioned suppression and compare the behavior at the different time points to
determine the fear incubation effect.

In a previous experiment (e.g., experiment 2 in Pickens et al., 2010), a 35-min test with 2
× 6-min cues but no footshocks was given. An increase in fear was seen in both between-
subjects (e.g., one group tested for the first time on days 1 and 2 and another group tested
for the first time on day 30 and 31) and within-subjects (e.g., one group tested on day 1
and 2 and then retested on day 30 and 31) comparisons. This study demonstrated that
fear incubation occurs primarily during the first cue presentation, so a single cue test is
a reasonable option. The progression of the fear response during the fear extinction test
can be determined on a minute-by-minute basis by calculating a suppression ratio based
on the rate of responding in the pre-cue period and the rate of responding during each
minute of the cue. Conditioned freezing can also be measured for an additional measure
of conditioned fear.

ALTERNATE
PROTOCOL 2

FEAR INCUBATION MEASURED WITHOUT A CONCURRENT OPERANT
TASK

While the majority of fear incubation studies using the extended fear conditioning method
have involved rats lever-pressing for food pellets to allow for multiple fear measures and
to increase baseline activity, it is possible to observe fear incubation using the more
common approach in which conditioned freezing is measured without a concurrent
lever-press task (Pickens et al., 2010). This procedure also involves ten fear conditioning
sessions. However, the fear incubation effect is smaller than that seen with a concurrent
lever-press task and it may require a greater N to observe a significant incubation effect
in certain cases.

Materials

The materials for this protocol are the same as those in the Basic Protocol, with two
exceptions: (1) This procedure does not require the experimental chamber to
contain an active lever (if an active lever is present, it should be retracted during
all training sessions); and (2) 45-mg food pellets are not required for this
protocol
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Phase I: Food restriction
1. Food restrict the rats as described in the Basic Protocol (see steps 1 to 5), with 18 to

20 g/day for maintenance feeding.

Even without a concurrent lever-press task, fear incubation appears to be more robust
under conditions of mild food restriction than when rats are free-fed. A direct comparison
of rats restricted to 85% of their free feeding weights then given 18 to 20 g per day
against free-fed rats revealed no significant interaction between feeding conditions and
the incubation effect (experiment 3 in Pickens et al., 2010). However, the incubation effect
was observed in post-hoc tests both within-subjects and between-subjects in the food-
restricted rats, and was not observed in either comparison in the free-fed rats. Therefore,
it is preferable to food restrict the rats.

Phase II: Experimental chamber habituation
2. Place the rats into the experimental chamber without any tones, shocks, pellets, or

active lever for a single chamber habituation session.

Previous experiments have used 90-min conditioning sessions, so this habituation session
was also 90-min long. This session acts to minimize any non-associative anxiety or novelty
effects that the experimental chamber might cause.

Phase III: Fear conditioning
3. Give the rats 10 days of fear conditioning in sessions without an active lever or food

pellets available.

In a previous experiment (experiment 3 in Pickens et al., 2010), the rats were pre-
sented with 10 × 30-sec long shocks, which each co-terminated with a 0.5-sec, 0.5-mA
footshock.

4. Measure conditioned fear during fear conditioning for each conditioning session
using conditioned freezing.

A previous experiment (experiment 3 in Pickens et al., 2010) found that conditioned freez-
ing is stable across conditioning days with this protocol, with no increases or decreases.

Phase IV: Fear incubation testing
5. Conduct the incubation interval feeding as in the Basic Protocol (see step 11).

6. On the last day of the incubation interval, give the rats a 90-min session with no
discrete fear cues or shocks in the context where the rats will be tested for their cued
fear.

In a previous experiment, this session was 90-min long and occurred on day 1 or day
30. This session serves to extinguish fear to the context so that incubation of fear to the
discrete cues can be tested with minimal contribution from contextual fear. It can also
serve as a contextual fear test. For this purpose, the rats’ freezing behavior in the first 5
min of the session can be used as a measure of fear before extinction occurs.

7. On the day after the context exposure, test the rats for fear responses to the fear cue.

In a previous experiment, the rats were presented with 4 × 30-sec tones during a 35-min
test, but no shocks were presented (extinction testing). Higher fear was seen in testing
after a month compared with 2 days after fear conditioning.

COMMENTARY

Background Information
The extended fear conditioning method of

obtaining incubation was largely based on a
report of a single rat that exhibited fear that
decreased across 60 sessions of cue-shock
pairing and reappeared after a 30 day shock-

free period (Millenson and Dent, 1971; also
see Rosas and Alonso, 1997, for a related
finding).

There are other procedures used to obtain
fear that grows over weeks. For example, there
are several reports of contextual fear growing
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from low levels seen 1 to 3 days after condi-
tioning to day 15 (Balogh et al., 2002; Balogh
and Wehner, 2003). There is also a related
finding in which fear to a context previously
paired with shock does not incubate or in-
crease, but this fear generalizes to other con-
textual or auditory cues that were never paired
with shock (Siegmund and Wotjak, 2007; Wilt-
gen and Silva, 2007). However, to the best of
our knowledge, the extended fear condition-
ing method is the only method known to cause
conditioned fear to a conditioned cue that in-
cubates over an extended period and is main-
tained for more than a month.

Critical Parameters and
Troubleshooting

Extended training and incubation interval
The two most critical parameters are the

length of fear training and the incubation in-
terval. Conditioned fear rarely incubates over
weeks or months in other laboratory proce-
dures (Gleitman and Holmes, 1967; Hender-
sen, 1978; Quirk, 2002; Gale et al., 2004),
likely due to the fact that most fear condi-
tioning procedures involve a single day of
fear conditioning. This is corroborated by
experiments run in parallel with the fear in-
cubation procedure, in which fear condition-
ing parameters identical to those used for
10-day training result in the acquisition of sta-
ble fear behavior that does not grow over time
if used for only one day of fear conditioning
(Fig. 6.27.3) (Pickens et al., 2009b). In addi-
tion, significant fear incubation does not ap-
pear within 14 to 15 days, but appears within
30 days after extended fear conditioning. How-

ever, if extended fear conditioning is given
and a long incubation interval is used, other
parameters may be less critical. For exam-
ple, one group observed fear incubation 33
versus 3 days after extended fear condition-
ing in a different rat strain (Sprague-Dawley
rather than Long-Evans), with a longer shock
(1 sec rather than 0.5 sec), and with a shorter
inter-trial interval (average 2 min rather than
average 8.5 min) than the ones used in pre-
vious fear incubation experiments (Morrow
et al., 2012).

Feeding conditions
While fear incubation occurs under a wide

variety of feeding conditions, the magnitude,
persistence, and particular pattern of the test
data depends upon the feeding conditions
used, particularly in the conditioned suppres-
sion measure (Pickens et al., 2009b, 2010).
When looking at conditioned suppression in
the Basic Protocol (30-sec cue in rats lever-
pressing for food), smaller incubation effects
that are largely driven by differential respond-
ing on a single trial have been seen in rats
restricted to 17 g/day or 20 g/day without ini-
tial restriction to 85% of free-feeding weight
(C. Pickens, unpub. observ. and Pickens et
al., 2010). Conversely, rats restricted to 85%
of initial free-feeding weight and then main-
tained at that weight have consistently demon-
strated fear incubation differences in condi-
tioned suppression that last for two to three
test trials with no difference left on the 4th
trial (Pickens et al., 2009a,b). Notably, re-
striction to 85% of initial weight followed by
a daily food ration of 20 g per day causes
the most durable incubation effect, in which
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Figure 6.27.3 Comparison of fear expression after limited (1 day) or extended (10 day) training.
(A) Fear expression after training with 30-sec cues (as in the Basic Protocol). (B) Fear expression
after training with 6-min cues (as in Alternate Protocol 1). The measure of fear is conditioned
suppression of lever-pressing (mean + SEM). ∗Significantly different from day 2 (p < 0.05).
Adapted, with permission, from Pickens et al. (2009b) and Pickens et al. (2010).
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conditioned suppression is different between
day 2 and day 31 for all four test trials.

The conditioned freezing measure appears
to be less sensitive to the food restriction con-
ditions (Pickens et al., 2010), as rats fed 20 g
either with or without the initial restriction to
85% of free-feeding weight exhibited differ-
ences in conditioned freezing between day 2
and day 31 that lasted for three test trials.
Similarly, in an experiment run using Alter-
nate Protocol 2, although food-restricted rats
(85% then 18 to 20 g) trended towards greater
fear incubation than free-fed rats that were not
lever-pressing for food, there was no signifi-
cant effect of the food restriction conditions on
the incubation effect (no interaction of feeding
conditions with test day).

Test context
We recommend that the fear test be done

in the same context as the fear training, al-
though no specific parametric study has been
done on the interaction of the test context with
fear incubation using the protocols described
here. A study in which 150-sec tones were
paired with a shock for 16 fear conditioning
sessions demonstrated that fear responses in-
creased from 3 to 20 days after the end of
conditioning, regardless of whether testing oc-
curred in the fear conditioning context or an
alternative context (Rosas and Alonso, 1997).
However, fear was higher on day 3 in the group
tested in a different context, which suggests
that testing in an alternative context could lead
to smaller incubation effects. This is in accord
with a study by Bouton (Bouton et al., 2008) in
which cues that were extensively paired with
shock caused low fear when tested one day
later in the context where the cue had been
presented, and high fear when tested 1 day
later in an alternative context where the cue
was not previously presented. This suggests
that fear could be higher 2 days after extended
fear conditioning if the testing occurs in an al-
ternative context, and that this high fear on day
2 might limit the magnitude of the incubation
effect. Thus, although it is possible to test fear
incubation in an alternative context (Rosas and
Alonso, 1997), it is recommended that fear in-
cubation be tested in the context used for fear
conditioning.

Comparisons with immediate-onset fear
It is possible to directly compare delayed-

onset fear, which is initially low and increases
(incubates) over weeks, with fear that is high
soon after the end of fear training. A single
fear conditioning session causes fear that does

not incubate. A 2 × 2 design, in which rats are
trained with 1 or 10 fear conditioning sessions
and then tested after 2 days or 1 month, has
been tested twice (Fig. 6.27.3). In rats trained
with 30-sec cues and a concurrent lever-press
task (as in the Basic Protocol), conditioned
suppression was equally high 2 days and 1
month after a single day of fear condition-
ing. Conversely, conditioned suppression in
rats given 10 sessions of fear conditioning was
low on day 2 and increased after 1 month to be
equal to the high level seen in the rats given a
single day of fear conditioning (Pickens et al.,
2009b). The equivalent level of fear in the dif-
ferent groups makes it possible to compare the
neurobiological basis of incubated fear and
fear that is high soon after conditioning and
does not need to incubate.

The pattern is slightly different after train-
ing with long (6-min) cues paired with shocks
at unpredictable times. With this training reg-
imen, 10 days of training causes low condi-
tioned suppression 2 days later that increases
after 1 month, and 1 day of fear conditioning
causes fear that does not incubate. However,
the conditioned response after 1 day of fear
conditioning is lower than that seen 1 month
after extended training (10 conditioning ses-
sions) (Pickens et al., 2010). The different lev-
els of fear/anxiety in the different conditions
could complicate efforts to directly compare
the neurobiological basis of the conditioned
response. Development of a procedure that
causes equivalent conditioned responses in the
two conditions would be very helpful for fu-
ture comparisons.

Shock intensity
The shock level used for these protocols

was based on previous experiments in the
literature using 0.5-sec, 0.5-mA shock, but
not shocks stronger than 0.5-mA, to cause
a nonmonotonic fear acquisition curve. Un-
der these conditions, extended training causes
less fear expression than limited training. (An-
nau and Kamin, 1961; Millenson and Hendry,
1967). This nonmonotonic acquisition curve
was originally hypothesized to be necessary
to produce relatively low fear expression 2
days after the end of training, so that fear
would be able to increase from this initially
low level. However, fear incubation can be ob-
served in training conditions where this non-
monotonic fear acquisition curve is not seen
(Pickens et al., 2010). Fear incubation has also
been demonstrated after training with a longer
shock (1-sec, 0.5-mA) (Morrow et al., 2012),
but a parametric study of the effects of shock
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Figure 6.27.4 Different trial-by-trial patterns of fear incubation (idealized data). (A) Higher fear
expression on day 31 on every trial during the fear test. (B) Higher fear expression on day 31
early in the test with the differences disappearing on later trials. (C) Similar early in the test due to
ceiling effects, with fear expression on day 31 higher on later trials.

intensity on fear incubation is yet to be per-
formed. If stronger shocks are used for train-
ing and conditioned fear is very high on test
day 2, a lower shock intensity is suggested.

Anticipated Results
Fear incubation after extended fear condi-

tioning is a very robust phenomenon, which
has been demonstrated under a wide vari-
ety of feeding conditions, cue lengths, and,
in several fear measures, in both between-
subjects and within-subjects comparisons. The
trial-by-trial pattern of the difference in fear
expression between low pre-incubated fear
and high pre-incubated fear in the extinction
test, however, may differ. Patterns of test data
have included those with incubated fear higher
than pre-incubated fear on every test trial
(Fig. 6.27.4A), those with higher incubated
fear on the initial trials with the difference dis-
appearing on later trials (Fig. 6.27.4B), and
those in which there is no difference on the
first trial (likely due to ceiling effects) but dif-
ferences appear on later trials (Fig. 6.27.4C).
Regardless of the particular pattern, fear across
a 3- or 4-trial test is reliably higher 1 month
after extended training than 2 days later.

Time Considerations
If run every day, the fear incubation proce-

dure takes ∼50 to 55 days to complete. This
includes 10 days for food restriction and al-
lowing the rats to acclimate to maintenance
food restriction conditions, 5 days for maga-
zine and lever-press training, 10 days for fear
conditioning, and ∼30 days for the incuba-
tion period and test. The fear conditioning pro-
cedure without lever-press training (Alternate
Protocol 2) requires 4 fewer days, since no
lever-press training is required.

The incubation interval lasts about 4 weeks,
in which the rats are not exposed to the exper-
imental chambers and require little more than
daily handling and feeding. This time period
allows the experimenter to give an additional
group of rats lever-press training, fear condi-
tioning, and day 1 to 2 testing in the experi-
mental chambers, and have this group in their
incubation period (and the operant chambers
free) in time for the original group to be tested
for fear responding on day 30 to 31.
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