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In some individuals, fearful experiences (e.g., combat) yield persistent and debilitating psychological disturbances, including posttraumatic stress disorder (PTSD). Early intervention (e.g., debriefing) after psychological trauma is widely practiced and argued to
be an effective strategy for limiting subsequent psychopathology,
although there has been considerable debate on this point. Here
we show in an animal model of traumatic fear that early intervention shortly after an aversive experience yields poor long-term fear
reduction. Extinction trials administered minutes after aversive
fear conditioning in rats suppressed fear acutely, but fear suppression was not maintained the next day. In contrast, delivering
extinction trials 1 day after fear conditioning produced an enduring suppression of fear memory. We further show that the recent
experience of an aversive event, not the timing of the extinction
intervention per se, inhibits the development of long-term fear
extinction. These results reveal that the level of fear present at the
time of intervention is a critical factor in the efficacy of extinction.
Importantly, our work suggests that early intervention may not
yield optimal outcomes in reducing posttraumatic stress, particularly after severe trauma.
aversive learning 兩 context 兩 fear conditioning 兩 memory retrieval 兩 stress

T

raumatic events such as military combat, motor vehicle
accidents, or sexual assault can lead to debilitating psychological disturbances, including posttraumatic stress disorder
(PTSD) (1). Although PTSD is estimated to develop in ⬍10%
of individuals experiencing trauma in the general population (2),
it presents at significantly higher rates in individuals exposed to
extremely traumatic events (such as combat). For example, rates
of PTSD as high as 17% have been reported in military
personnel 3–4 months after returning from combat (3). It is not
surprising then that traumatic events exact an incredible toll on
mental health, affecting millions of people worldwide (1–3).
Because of the staggering costs and consequences of PTSD
and other anxiety disorders, clinical interventions to reduce the
long-term consequences of psychological trauma are essential.
As a first line of defense against the development of mental
illness in the aftermath of a traumatic event, it has been argued
that early interventions (such as psychological debriefing) are
critical to manage the stress response to trauma (4, 5). In a typical
debriefing session, victims of a traumatic event are encouraged
to talk about their experience in a supportive group setting,
which presumably facilitates psychological recovery from the
trauma. Although early intervention is intuitively reasonable,
considerable work has challenged the efficacy of debriefing in
curbing the development of PTSD after trauma (for review, see
ref. 6). Moreover, little work has systematically examined
whether early interventions, whatever form they take, are more
effective than delayed interventions in reducing the incidence of
psychopathology after trauma (7). Indeed, intervening too early,
particularly when the intense and acute stress of the experience
has not waned, might even exacerbate relapse of fear (6–9).
Nonetheless, recent work in rats suggests that an early intervention may more effectively suppress fear than a delayed intervention would (10).
In the present study, we sought to compare the efficacy of early
and delayed interventions in reducing fear associated with a
traumatic event. To address this question, we used an animal
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model of traumatic fear, Pavlovian fear conditioning in rats
(11–14). In this form of associative learning, innocuous stimuli
(i.e., conditioned stimuli, CSs) that predict aversive events (i.e.,
unconditioned stimuli, USs) come to yield fear responses themselves. This type of learning may be involved in the development
of pathological fear in patients with a variety of anxiety disorders, including PTSD and panic disorder (15–17). Extinction
training, in which CSs are presented without the US, suppresses
conditioned responses learned during fear conditioning. Considerable evidence indicates that fear conditioning and extinction yield excitatory and inhibitory memories, respectively, and
that these memories compete with each other for expression in
behavior. In most cases, extinction does not erase fear memory.
Nonetheless, extinction is an important component of exposure
therapy in humans and is emerging as a powerful model for
understanding the mechanisms of fear suppression relevant to
the treatment of anxiety disorders (18–22). Hence, this behavioral paradigm affords many advantages, because it allows us to
precisely control both the nature of the traumatic event (i.e.,
conditioning) and the timing of the intervention (i.e., extinction)
in a clinically relevant model of traumatic fear.
Results
Experiment 1: Immediate or Delayed Extinction After Fear Conditioning. The first experiment aimed to compare the efficacy of

extinction training at two different times after fear conditioning.
We were particularly interested in whether an early intervention
delivered minutes after fear conditioning would produce superior extinction relative to a standard delayed intervention (24 h).
Rats were submitted to a standard fear conditioning procedure
in which an auditory CS was paired with a noxious footshock US
in a novel chamber. After either a short (15 min) or long (24 h)
delay, half of the animals received 45 extinction trials in which
the CS was presented alone; the other half of the animals
remained in the chambers without the presentation of either the
CS or US (these animals served as a no-extinction control
group). Forty-eight hours after conditioning, rats were tested for
their fear to the CS by assessing freezing behavior, which is
manifested as somatomotor immobility (except for breathing).
For this retention test, rats were once again returned to the
conditioning chambers and presented with five auditory CSs.
Freezing behavior during the conditioning session is shown in
Fig. 1A. There were very low levels of freezing behavior before the
first conditioning trial; freezing behavior emerged only after the
first conditioning trial and steadily increased in frequency thereafter. During the extinction session (Fig. 1B), which was conducted in
the conditioning context either 15 min (immediate) or 24 h (delayed) after fear conditioning, group differences emerged. All
animals exhibited high levels of fear before the onset of extinction
trials, a consequence of fear conditioned to the testing context.
However, recently conditioned rats exhibited significantly higher
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Fig. 1. Immediate or delayed extinction after fear conditioning. (A) Freezing behavior on the conditioning day. Data are 1-min averages for the period before
(baseline, BL) and after each of five tone–shock conditioning trials. (B) Freezing behavior during the extinction session, which occurred either 15 min (IMMED)
or 24 h (DELAY) after conditioning. Control rats did not receive CS presentations during extinction (NO-EXT). (C) Freezing behavior during the retention test 48 h
after conditioning. (D) Baseline freezing data were averaged and subtracted from the average freezing across test trials to yield normalized freezing for the
retention test data shown in C. All data are means ⫾ SEM. *, P ⬍ 0.05.

levels of freezing behavior before the first extinction trial compared
with rats in the delayed extinction groups [F(1, 60) ⫽ 20.7, P ⬍
0.0001]. Once extinction training commenced, CS presentations
yielded robust freezing behavior in both the immediate and delayed
extinction groups, and there was an equivalent decline in freezing
in both groups across the session [extinction ⫻ interval ⫻ block, F(8,
480) ⫽ 1.9]. Shock-induced sensitization of fear contributed to the
elevation of fear in the immediate groups, which potentiated fear
above that generated by context fear alone in the delay groups. Rats
that were placed in the boxes 15 min after conditioning, but not
exposed to the CS, exhibited a similar pattern of freezing behavior
to animals in both of the extinction groups [interval ⫻ extinction
interaction, F(1, 60) ⫽ 16.0, P ⬍ 0.0005].
Despite similar levels of fear reduction during the extinction
session, rats that had received immediate or delayed extinction training differed with respect to their retention of the
extinction memory (Fig. 1C). Forty-eight hours after conditioning, only rats that had received the delayed extinction
procedure exhibited a significant reduction in freezing relative
to nonextinguished controls when presented with the CS
[interval ⫻ extinction, F(1, 60) ⫽ 10.6, P ⬍ 0.002; Fig. 1D].
Hence, fear memories exhibited substantial spontaneous recovery (i.e., a return in conditional responding with the
passage of time after extinction) after an early intervention,
but remained inhibited in rats with a 24-h delay between
conditioning and the extinction intervention.

exhibited significantly weaker extinction than those animals in
the delayed extinction condition. Planned comparisons indicated
that only rats in the delayed extinction condition exhibited
significant extinction relative to their no-extinction controls (P ⬍
0.05). Thus, early extinction trials failed to yield long-term
extinction, even when the test interval was equated among the
immediate and delayed groups.
Experiment 3: Massed or Distributed Extinction Trials Immediately
After Fear Conditioning. Recent work suggests that massed extinc-

tion training [delivering CS-alone trials with a short interstimulus interval (ISI)] produces more robust long-term extinction
than extinction training with distributed trials (23). In Experiment 3, we examined the possibility that delivering many massed
extinction trials might enable extinction in the immediate groups.
To this end, we replicated the immediate condition in Experiment 1 (45 trials with 1-min ISIs), and also examined groups
receiving either 45 or 225 massed extinction trials (12-sec ISI);
the time all animals spent in the conditioning context was
equated across the groups (i.e., animals in the short ISI groups
were left in the boxes after their extinction trials). Animals in all
groups exhibited similar decrements in freezing behavior during
the extinction training session (data not shown). However, as
shown in Fig. 3, neither massing the extinction trials (45 trials,

delayed groups cannot be explained by the time elapsed between
fear conditioning and retention testing; this interval was constant in both groups. However, the design of Experiment 1
confounded the interval between extinction training and the
retention test. That is, animals in the immediate extinction group
were tested 48 h after extinction, whereas those in the delayed
group were tested only 24 h after extinction. It is possible that the
longer test interval in the immediate group allowed for more
spontaneous recovery of fear than the shorter test interval in the
delay group. In Experiment 2, we examined this possibility by
equating the test interval in the immediate and delayed extinction groups. The experiment was identical to Experiment 1,
except that rats in both the immediate and delayed groups were
tested 48 h after extinction training.
Behavior during the conditioning and extinction sessions was
similar to that reported in Experiment 1 (data not shown). As
shown in Fig. 2, rats in the immediate extinction condition
Maren and Chang
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Experiment 2: Retention Testing with a Common Extinction Test
Interval. The different levels of extinction in the immediate and

Fig. 2. Retention testing with a common extinction test interval. Shown is
freezing behavior during the retention test 48 h after extinction. The extinction test interval was equated in rats that were extinguished either 15 min
(IMMED) or 24 h (DELAY) after conditioning. Control rats did not receive CS
presentations during extinction (NO-EXT). Data were normalized as in Fig. 1D.
All data are means ⫾ SEM. *, P ⬍ 0.05.
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Fig. 3. Massed or distributed extinction trials immediately after fear conditioning. Rats received 45 or 225 extinction trials 15 min after fear conditioning.
For two groups of rats (EXT45–12 and EXT225–12), the extinction trials were
massed (12-sec ISI). The EXT45– 60 group was treated identically to that in
Experiment 1 (45 trials; 60-sec ISI). Total time in the extinction context was
equated in all of the groups. The graph displays freezing behavior during the
retention test 24 h after extinction. Data were normalized as in Fig. 1D. All
data are means ⫾ SEM.

12-sec ISI) nor increasing the number of extinction trials (225
trials, 12-sec ISI) yielded long-term retention of extinction
relative to the no-extinction controls. These data reveal that
neither massed nor distributed (Experiments 1 and 2) extinction
trials yield long-term fear suppression when delivered shortly
after training.
Experiment 4: Reducing Fear Before Immediate Extinction. In Exper-

iment 1, we observed much higher levels of fear before the onset
of extinction training among rats in the immediate condition
compared with those in the delayed condition (see Fig. 1B,
baseline). This result is likely due to the sensitization of fear
produced by recent shock summating with fear conditioned to
the context. It has recently been reported in both rats and
humans that the arousal of fear before extinction training can
interfere with the development of long-term extinction (24, 25).
We therefore investigated whether the different levels of fear at
the outset of extinction training contributed to the different
levels of long-term extinction in the immediate and delayed
groups. In Experiment 4, rats were submitted to the identical
behavioral procedures described in Experiment 1, except that
they received only a single conditioning trial (Fig. 4A), and

extinction training and testing were conducted outside of the
conditioning context. The goal of these manipulations was to
reduce the level of fear before the onset of extinction training.
As shown in Fig. 4B (see baseline), reducing the number of
conditioning trials and shifting the context between conditioning
and extinction greatly reduced freezing behavior at the outset of
extinction training in both immediate and delay groups. Importantly, reducing fear before the onset of extinction training
yielded robust extinction, even in the immediate extinction group
[extinction, F(1, 60) ⫽ 8.9, P ⬍ 0.005; extinction ⫻ interval, F(1,
60) ⫽ 0.6; Fig. 4C]. Therefore, early extinction is effective in
producing long-term fear suppression when fear is relatively low
at the onset of extinction training. In fact, extinction obtained
under these conditions did not exhibit spontaneous recovery in
a retention test conducted 1 week after the first retention test
(data not shown). This finding is consistent with a recent study
showing that early extinction training produces a lasting fear
suppression that does not show either spontaneous recovery or
renewal upon a change in context (10).
Experiment 5: Arousing Fear Before Delayed Extinction. If the level

of fear at the outset of extinction training influences the longterm retention of extinction, then arousing fear before a delayed
extinction intervention should impair extinction memory. To test
this hypothesis, we examined whether arousing fear before a
delayed extinction intervention compromises long-term extinction. Rats were submitted to the same procedures as the delayed
groups in Experiment 1, except that they were exposed to
additional unsignaled footshocks in a novel context 15 min
before the extinction session.
Conditioning proceeded normally in all of the rats (Fig. 5A).
As shown in Fig. 5B, exposing rats to footshock 15 min before
extinction training elevated their levels of fear before the onset
of the extinction trials [F(1, 28) ⫽ 32.6, P ⬍ 0.0001]. Rats that
received extinction trials 15 min after unsignaled shock decreased their fear over the course of the extinction session and
reached levels of freezing similar to those of rats that received
unsignaled shock but did not receive extinction trials. Nonetheless, rats in the extinction (EXT兾SHOCK) condition showed
substantial recovery when tested 24 h later. As shown in Fig. 5C,
only rats that were not shocked before extinction training
exhibited a normal reduction in fear during the retention test
(planned comparisons, P ⬍ 0.05). Collectively, these results
indicate that the level of acute fear at the time of the extinction
intervention determines both the nature and extent of extinction
memory. Moreover, these experiments indicate that the condi-

Fig. 4. Reducing fear before immediate extinction. (A) Freezing behavior on the conditioning day. Data are 1-min averages for the periods before (baseline,
BL) and after a single tone–shock conditioning trial. (B) Freezing behavior during the extinction session in a novel context, which occurred either 15 min (IMMED)
or 24 h (DELAY) after conditioning. Control rats were exposed to the context but did not receive CS presentations during extinction (NO-EXT). (C) Freezing
behavior during the retention test 48 h after conditioning; data from the retention test were normalized as in Fig. 1D. All data are means ⫾ SEM. *, P ⬍ 0.005.
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tioning–extinction interval per se is not the critical factor regulating the efficacy of extinction, but that recent fear appears to
mitigate long-term extinction memory.
Discussion
The major finding of the present work is that long-term extinction is minimal when extinction training is conducted shortly
after fear conditioning in rats. This deficit in long-term extinction appears to be related to the level of fear present at the outset
of extinction training, rather than the interval between conditioning and extinction per se. These results indicate that attempts
to extinguish fear shortly after a traumatic experience may not
be effective, particularly if the trauma is extreme.
Interestingly, recent work by Davis and colleagues (10) in
another fear-conditioning paradigm in rats, fear-potentiated
acoustic startle, has revealed that the properties of extinction
also depend on the interval in between conditioning and extinction. In this study, short intervals between conditioning and
extinction yielded a form of extinction that was both enduring
(i.e., it did not spontaneously recover with the passage of time)
and insensitive to context shifts that normally attenuate extinction. Although there was a trend for weaker extinction with early
intervention, our observations would appear to be at odds with
the relatively robust extinction observed by these investigators
with early extinction. But this disparity can be explained when
one considers that Davis and colleagues used relatively weak
footshocks during conditioning, which is typical in the fearpotentiated startle paradigm. Although these investigators did
not measure fear during the extinction session, it is reasonable
to assume that their conditioning procedure limited fear before
the extinction session. And, as we observed in Experiment 4, an
early intervention does yield extinction if the conditioning
procedure does not arouse fear before the extinction session;
early interventions appear to fail only when there are high levels
of fear at the outset of extinction training. It is also possible that
the greater number of conditioning trials used by Davis and
colleagues influenced subsequent extinction. Together, these
reports reveal that both the nature and magnitude of long-term
extinction depend on an interaction between the timing of
extinction relative to conditioning and the level of fear present
when extinction trials are delivered (9). This interaction has
clinical relevance, because it suggests that, although an early
intervention may be optimal after mild trauma, a delayed
intervention may be more suitable after a severe trauma.
A key question from a theoretical point of view is whether the
arousal of fear before extinction training interferes with extincMaren and Chang

tion learning (i.e., learning an inhibitory CS–US association), the
consolidation of the extinction memory, or the later retrieval of
the extinction memory. Because rats do reduce their fear response to the CS during extinction training (independently of
when extinction trials are administered relative to training), it is
unlikely that they simply fail to encode inhibitory associations.
Therefore, the decrement in long-term extinction is either a
failure to consolidate the extinction memory or a generalization
decrement from extinction to testing that interferes with the
retrieval of the extinction memory. The latter possibility is
particularly compelling, insofar as there is substantial evidence
that the inhibitory associations acquired during extinction are
modulated by both time and context (16, 26, 27). Indeed, some
theoretical accounts of spontaneous recovery after extinction
predict that there will be greater spontaneous recovery of
conditional responding when the interval between conditioning
and extinction is short (28, 29). Consistent with this view,
Rescorla (30) has recently reported that there is greater spontaneous recovery in responding to a CS that is extinguished 1 day
versus 8 days after conditioning in an appetitive conditioning
paradigm. Although these results are consistent with what we
have observed in the present experiments, it is unlikely that the
interval between conditioning and extinction alone accounts for
our results. As we have shown, a critical variable, at least in our
hands, is the level of fear present before the delivery of extinction
trials. Nonetheless, it is reasonable to suggest that the deficit in
long-term extinction in both cases is related to a failure to
retrieve the extinction memory during the retention test. This
possibility awaits further examination.
It is important to note that other models of associative
learning predict that either short intervals between conditioning
and extinction or high levels of background fear (that has been
aroused by another excitatory CS or a fearful context, for
example) will enhance extinction (31, 32). In Wagner’s SOP
(Standard Operating Procedures) model, for example, inhibitory
associations between the CS and US are more likely to occur if
CS-alone trials occur shortly after exposure to the US. And in the
Rescorla–Wagner model, high levels of fear before the onset of
extinction should strongly predict footshock when the CS is
presented, resulting in especially large decrements in associative
strength to the CS when it is presented in the absence of the US.
There is some evidence for the latter effect in appetitive
conditioning procedures (33), and it has recently been shown
that compound presentation of excitatory CSs during extinction
yields greater extinction than extinction of either element alone
(34). Therefore, it will be important to use other measures (e.g.,
PNAS 兩 November 21, 2006 兩 vol. 103 兩 no. 47 兩 18023
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Fig. 5. Arousing fear before delayed extinction. (A) Freezing behavior on the conditioning day. Data are 1-min averages for the periods before (baseline, BL)
and after each of five tone–shock conditioning trials. (B) Freezing behavior during the extinction session. Extinction training was conducted in the context in
which the rats had been conditioned a day earlier. Fifteen minutes before the extinction session, rats received either five unsignaled footshocks (SHOCK) in a
novel context or exposure without shock (NO-SHOCK) in that context. Control rats did not receive CS presentations during extinction (NO-EXT). (C) Freezing
behavior during the retention test 48 h after conditioning. All data are means ⫾ SEM. *, P ⬍ 0.05.

summation, retardation) to determine whether CSs that undergo
extinction shortly after conditioning under high levels of fear
gain any inhibitory value, and if so, the retrieval processes that
work against the expression of that inhibition during retention
testing.
From a neurobiological perspective, it is surprising that our
early extinction manipulation did not produce more effective
extinction. Indeed, it is well known that memories (including fear
memories) are most susceptible to disruption within an hour of
encoding (35, 36). Neurobiological studies (37, 38) have recently
shown that extinction training reverses some of the biochemical
changes that develop during conditioning in brain structures
such as the amygdala that are essential for fear conditioning
(11–14). And, as already noted, delivering CS-alone trials shortly
after fear conditioning can produce a form of extinction that
appears to be more an erasure of fear memory than an acquisition of inhibition (10). Thus, the influence of CS-alone trials on
fear memory may be determined by the degree to which those
trials either disrupt cellular consolidation of the conditioning
memory or engage new inhibitory learning that permits extinction. By this view, the present experiments suggest that high
levels of fear prevent CS-alone trials that are delivered shortly
after conditioning from disrupting cellular consolidation, and it
remains to be seen how these conditions influence the inhibitory
associations learned during extinction training.
Psychological interventions are not always effective when
administered shortly after a traumatic event (6–9). The present
work indicates that recent fear, interfering with either the
consolidation or retrieval of long-term extinction memories, may
be the cause of this result. Of course, we have not examined the
longevity of fear suppression obtained with delayed extinction
training (we assessed behavior up to 48 h after extinction), and
understanding the factors that contribute to a suppression of fear
lasting weeks to months is important when developing clinical
interventions. Likewise, in our experiments, interposing a 24-h
delay in the delivery of the intervention was sufficient to enable
fear suppression (lasting at least 2 days). Whether a 24-h delay
is always optimal is not clear, and our data suggest that this
interval will critically depend on the duration and extent of acute
stress associated with trauma. Indeed, for people who experience
severe trauma, this interval may extend beyond days or even
weeks (39). Clearly, the modulation of extinction by concurrent
levels of fear and stress has important implications for optimizing
clinical interventions for psychological trauma in humans.
Methods
Subjects. The subjects were 240 male Long–Evans rats (Harlan–
Sprague–Dawley, Indianapolis, IN) weighing 250–330 g. They
were housed in individual cages on a 14-h light兾10-h dark cycle
(lights on at 7:00 a.m.), and allowed food and water ad libitum.
During the first 5 days, they were handled for 10 sec to habituate
them to the experimenter.
Apparatus. Eight identical observation chambers (30 ⫻ 24 ⫻ 21

cm; Med Associates, St. Albans, VT) were used in all experiments. The chambers were constructed of aluminum and Plexi1. McNally RJ (2003) Annu Rev Psychol 54:229–252.
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glas and were situated in sound-attenuating cabinets located in
a brightly lit and isolated room. The floor of each chamber
consisted of 19 stainless steel rods (4 mm in diameter) spaced 1.5
cm apart (center to center). Rods were wired to a shock source
and solid-state grid scrambler for the delivery of footshock US
(0.5 sec, 1 mA). A speaker mounted outside a grating in one wall
of the chamber was used for the delivery of acoustic CS (2 sec,
80 dB, 2 kHz). Illumination, odor, and ambient noise were
manipulated to create two distinct contexts for some of the
experiments.
Each conditioning chamber rested on a load-cell platform that
was used to record chamber displacement in response to each
rat’s motor activity, therefore allowing our detection of freezing
behavior. Freezing was determined during each 1-min interval
after the CS offset during conditioning, extinction, and the
retention test and during the minutes preceding the first CS
presentation during extinction training.
Behavioral Procedures. Rats were submitted to three phases of
training: fear conditioning, extinction, and an extinction retention test. All of these phases were conducted in the same
context in Experiments 1–3 and Experiment 5; in Experiment
4, fear conditioning was conducted in a different context than
extinction and retention testing. For fear conditioning, rats
received one (Experiment 4) or five (Experiments 1–3 and 5)
tone–footshock trials (62-sec intertrial interval) beginning 3
min after being placed in the chambers. For extinction (EXT),
rats received 45 tone-alone presentations (60-sec ISI) either 15
min (IMMED) or 24 h (DELAY) after conditioning (again
with a 3-min baseline preceding the extinction trials). Rats that
received immediate extinction trials were transported home 2
min after the last footshock and returned to the conditioning
context (Experiment 1–3 and 5) or a novel context (Experiment 4) 15 min later for extinction. Rats in the delay condition
received extinction training 24 h after conditioning in the
conditioning context (Experiments 1–3 and 5) or a novel
context (Experiment 4). In Experiment 3, rats received either
45 (60-sec or 12-sec ISI) or 225 (12-sec ISI) extinction trials 15
min after conditioning; time in the extinction context was
equated among the groups. In Experiment 5, the rats were
placed in a novel context and were either shocked (SHOCK)
or not shocked (NO-SHOCK) 15 min before being returned to
the conditioning chamber for delayed extinction trials. Under
the no-extinction condition (NO-EXT), rats were placed in the
chamber for the same amount of time as the EXT rats but were
not exposed to the tone CS. Two days after conditioning, all
rats were returned to the extinction context and exposed to five
CS-alone presentations 3 min after placement in the chambers.
Retention test freezing was averaged across the five CS trials
and subtracted from the 3-min baseline. All behavioral data
are expressed as means ⫾ SEM.
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