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Abstract
Incubation of fear has been used to account for the delayed manifestation of symptoms of fear and
anxiety including the delayed onset of Post Traumatic Stress Disorder (PTSD). We have shown
the utility of classical conditioning-specific modification of the rabbit nictitating membrane
response (NMR) as a model of PTSD. This modification includes an exaggeration in the size and a
change in the timing of the unconditioned NMR after several days of classical conditioning. To
assess the effects of incubation on conditioning-specific modification, we measured changes in
responding as a function of the time between classical conditioning and NMR testing. After just
one day of classical conditioning resulting in modest levels of learning, increases in response size
were an inverted-U shaped function of days of incubation with little if any change occurring one
and ten days after training but significant change occurring after six days. The incubation effect
persisted for a week. An unpaired control group showed no change in the size of the response
confirming the incubation effect was associative. The results bear a striking resemblance to
symptoms of PTSD that do not always occur immediately after trauma and become exacerbated
over time and then persist. They point to a window when incubation can exacerbate symptoms and
speak to the vulnerability of re-experiencing trauma too soon. This could be a serious problem for
military or emergency personnel recalled to combat or a disaster site without sufficient time to
deal with the effects of their initial experiences.
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Introduction
An increase in fear and anxiety that occurs over time following fear conditioning, termed
fear incubation, has been studied for more than sixty years in animals and humans (Pickens
et al., 2010) and has been proposed more recently as a model for delayed-onset post
traumatic stress disorder (PTSD) (Pickens et al., 2009a). Although there is considerable
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debate about whether delayed-onset PTSD actually exists (Andrews et al., 2007; Frueh et al.,
2009; Smid et al., 2011), there is good evidence that PTSD symptoms do not always occur
immediately after trauma and that they can become exacerbated over time (Frueh et al.,
2009; Smid et al., 2011). Those who study delayed-onset PTSD attribute it to a number of
different causes most notably the presence of stress before, during, or after the traumatic
experience (Andrews et al., 2009; Horesh et al., 2010). From a neurobiological point of
view, different forms of stress have been shown to generate structural changes in a number
of brain areas particularly the amygdala (Roozendaal et al., 2009) – a structure long
associated with fear and fear conditioning in both animals and humans (Holland &
Gallagher, 1999; Yehuda & LeDoux, 2007; Knight et al., 2010; Linnman et al., 2011) and
implicated in PTSD (Shin et al., 2005; Williams et al., 2006; Gianaros et al., 2008).
Roozendaal et al. (2009) describe work that has shown there are more immediate synaptic
changes in the amygdala following chronic stress than acute stress which leads to a delayed
change. Therefore, changes in the amygdala may account for both immediate and delayed
onset PTSD depending on the nature of the stress exposure.

We have shown previously that exaggerated responding after classical conditioning of both
the rabbit nictitating membrane response (NMR) and heart rate change, called conditioning-
specific reflex modification (CRM), may be useful as a model of some features of PTSD
(Seager et al., 2003; Schreurs et al., 2005; Burhans et al., 2008; Schreurs et al., 2010). For
example, the increased size and complexity of the NMR to weak unconditioned stimuli
following classical conditioning may be similar to the heightened responsivity to stressful
stimuli exhibited by people who suffer from PTSD (McTeague et al., 2010). CRM is
measured as an increase in the size and shape and a change in the timing of unconditioned
responses (URs) to an electrical stimulus or air puff unconditioned stimulus (US) when these
responses are measured in the absence of a conditioned stimulus (CS) following classical
conditioning of the rabbit NMR (Gruart & Yeo, 1995; Schreurs et al., 1995; Schreurs et al.,
2000; Buck et al., 2001; Wikgren et al., 2002; Seager et al., 2003; Schreurs et al., 2006;
Burhans et al., 2008; Schreurs et al., 2010). CRM is assessed by presenting a series of USs
that varies in intensity and duration before (US Pretest) and after (US Post Test) classical
conditioning. The largest changes in response frequency, amplitude, timing, and shape occur
at intermediate US intensities where the UR has not reached its maximum (Schreurs, 2003;
Burhans et al., 2008).

In previous rabbit NMR conditioning experiments, CRM was only detected after several
days of classical conditioning and although CRM was shown to be long-lasting (Burhans et
al., 2008), there has been no evidence to date that it can be incubated or that it is delayed in
onset. In the present experiment, we used a single 80-trial session of CS-US pairings to
establish classical conditioning rather than the three to six sessions normally used to
consolidate conditioning and then, one, six or ten days later, assessed responding to the US.
The purpose of the present experiment was to assess the effects of incubation on
conditioning-specific modification of the NMR and whether CRM effects persist. If CRM
does incubate and persist, it would to extend the validity of CRM as an animal model of
PTSD (Burhans et al., 2008).

Materials and Methods
Subjects

Twenty-four male New Zealand White rabbits (Oryctolagus cuniculus) supplied by Harlan
weighed approximately 2.0-2.2 kg at the beginning of the experiment. Animals were housed
in individual cages, given free access to food and water, and maintained on a 12-hour light/
dark cycle. Rabbits were maintained in accordance with guidelines issued by the National

Schreurs et al. Page 2

J Psychiatr Res. Author manuscript; available in PMC 2012 November 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Institutes of Health, and the research was approved by the West Virginia University Animal
Care and Use Committee.

Apparatus
The apparatus and recording procedures for the NMR have been detailed by Schreurs and
Alkon (1990) who modeled their apparatus after those described by Gormezano
(Gormezano, 1966; Coleman & Gormezano, 1971). In brief, each subject was restrained in a
Plexiglas box and trained in a sound-attenuating, ventilated chamber (Coulbourn
Instruments, Model E10-20). A stimulus panel containing a speaker and house light (1-W,
120-V, 60-lumen LED lamp) was mounted at a 45° angle, 15 cm anterior to and 15 cm
above the subject’s head. An ambient noise level of 65 dB in each chamber was provided by
an exhaust fan. Periorbital ES was delivered by a programmable two-pole shocker
(Coulbourn Instruments, Model E13-35) via stainless steel Autoclip wound clips positioned
10 mm below and 10 mm posterior to the dorsal canthus of the right eye.

Details of transducing NM movements have been reported previously (Gormezano & Gibbs,
1988; Schreurs & Alkon, 1990) In short, a hook connected to an L-shaped lever containing a
freely moving ball and socket joint was attached to a 6-0 nylon loop sutured into, but not
through, the NM. The other end of the lever was attached to a rotary potentiometer
(Novotechnik US Inc., Southborough, MA; Model P2201) that, in turn, was connected to a
12-bit analog-to-digital converter (5-ms sampling rate; 0.05-mm resolution). Individual
analog-to-digital outputs were stored on a trial-by-trial basis for subsequent analysis. Data
collection, analysis and stimulus delivery were accomplished using a LabVIEW system
(National Instruments).

Procedure
Eighteen rabbits were randomly assigned to three paired conditioning groups (n’s=6) that
received one session per day starting with adaptation, US testing (Pretest), paired CS-US
presentations (Acquisition), US testing (Post Test1) one, six or ten days later, then a second
session of US post testing (Post Test2) seven days after Post Test1, and finally, a CS-alone
extinction session ( Extinction). An unpaired control group (n=6) received adaptation,
Pretest, one session of explicitly unpaired CS and US presentations, a Post Test1 six days
later, Post Test2 seven days after Post Test1, and then Extinction. We conducted Post Test1
six days after unpaired stimulus presentations because preliminary testing indicated maximal
incubation effects occurred six days after CS-US pairings.

On adaptation day, the rabbits were prepared for ES and recording of NM movement and
then adapted to the training chambers for the length of time of subsequent training sessions
(80 min). On Pretest and both Post Test sessions the subjects received a total of 80 trials of
ES stimulation presented at an average inter-trial interval (ITI) of 60 s (50-70 s range). Each
trial involved the presentation of 1 of 20 possible combinations of ES intensity (0.1, 0.25,
0.5, 1.0, or 2.0 mA) and duration (10, 25, 50, or 100 ms). Four separately randomized
sequences of the 20 stimulus combinations were presented on each testing day, with the
restriction that the same intensity or duration could not occur on more than three consecutive
trials. Previous research has shown that one day of CS-US pairings produces only moderate
levels of NMR conditioning and is insufficient to elicit CRM when CRM is assessed across
all 80 trials on Post Test (Schreurs et al., 1995). To increase our sensitivity of detecting
CRM, we continued our recent practice of examining responding to the US during the first
20 trials of Pretest and both Post Test sessions and collapsing the data across the four US
durations (Burhans et al., 2008; Schreurs et al., 2010). To provide a similar fine-grained
analysis of responding to the CS during paired and unpaired stimulus presentations, we
calculated percent responding in blocks of twenty CS presentations.
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The paired conditioning session consisted of 80 presentations of a 400-ms, 1-kHz, 82-dB
tone CS that coterminated with a 100-ms, 2.0-mA US (i.e., 300-ms inter-stimulus interval
[ISI]) delivered, on average, every 60 s (50-70 s range). The session of unpaired stimulus
presentations consisted of 80 CS-alone and 80 US-alone presentations that occurred in an
explicitly unpaired manner delivered, on average, every 30 s (20-40 s range). The CS-alone
extinction session consisted of 80 presentations of the 400-ms, 1-kHz, 82-dB tone CS
delivered, on average, every 60 s (50-70 s range). Responding to the CS during the
Acquisition and Extinction sessions was assessed across all 80 paired trials as well as for
every 20-trial block. Responding to the CS during the explicitly unpaired session was
assessed across all 80 CS-alone trials as well as every block of 20 CS-alone trials.

A CR was defined as any extension of the NM exceeding 0.5 mm that was initiated after CS
onset but prior to US onset. A UR was defined as any extension of the NM exceeding 0.5
mm that was initiated within 300 ms of US onset (i.e., the CS-US ISI used to score CRs
during pairings). The UR criterion was based on the observation that, following CS-US
pairings, post-test URs at lower US intensities had onset latencies that fell into the range of
latencies for CRs (Schreurs et al., 2000). Amplitude of a response was scored in millimeters
as the maximum extension of the NM. Area of the response was calculated as the total area
of the response curve (in arbitrary units) from stimulus onset until the end of trial. For URs
during US testing, two additional measures were calculated in order to overcome the
statistical limitations of empty data cells produced by subthreshold responses to the US,
particularly at the lower intensities and durations. These measures, magnitude of the
response and magnitude of the response area, included the amplitudes and areas of all NMRs
above baseline regardless of whether the 0.5 mm criterion was met (Garcia et al., 2003;
Schreurs et al., 2010).

Results
To determine whether incubation would affect CRM, rabbits were trained for a single
session and then returned to their home cages for one, six or ten days before CRM was
assessed (Post Test1). The persistence of CRM was assessed a week later by second US test
(Post Test2), followed by a CS-alone extinction session to measure retention of conditioned
responses (CRs) to the CS.

CR Acquisition and Extinction
Responding across 80 CS-US pairings for eighteen rabbits in the paired groups reached a
mean of level of 46.62 (± 10.62 SEM) percent CRs compared to 0.4 (± 0.29 SEM) percent
responding for six rabbits in the unpaired control group. Analysis of variance revealed there
was a significant main effect of pairings (F(1, 22) = 40.87, p < .001). Figure 1 shows percent
CRs to the CS as a function of 20-trial blocks during CS-US pairings or unpaired stimulus
presentations during Acquisition and Extinction that followed one, six or ten days of
incubation and the two Post Test sessions. The left side of Figure 1 shows that the level of
CRs for rabbits receiving CS-US pairings increased as a function of 20-trial blocks whereas
responding for rabbits that received unpaired stimulus presentations did not rise appreciably
above zero. Analysis revealed a significant effect of Pairings (F(1,22) = 40.46, p < .001) and
20-trial Blocks (F(3,66) = 17.41, p < .001) and an interaction of Pairings and 20-trial Blocks
(F(3,66) = 16.53, p < .001). There were no significant differences in acquisition among the
paired groups (F’s <1). The right side of the figure shows the level of responding to the CS
during Extinction for rabbits given CS-US pairings decreased across 20-trial blocks after
one and six days of incubation but was low and variable after ten days of incubation.
Responding to the CS by rabbits previously given unpaired stimulus presentations remained
at virtually zero. Analyses revealed a significant main effect of Pairings (F(1,22) = 6.73, p
< .05) but no effect or interaction of 20-trial Blocks (F(3,66) = 2.53, p < .07). Analysis of the
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paired groups (one, six, or ten days incubation) revealed an effect of 20-trial Blocks (F(3,45)
= 8.28, p < .001) and an interaction of Days of incubation and 20-trial Blocks (F(3,45) =
2.99, p < .05) that was localized by post hoc comparisons to lower levels of responding after
ten days of incubation (p’s < .05).

Taken together, the CR acquisition data show that rabbits receiving CS-US pairings
averaged 46% CRs but reached levels of conditioning over 80% CRs by the final 20-trial
block of training compared to unpaired controls that remained at virtually zero. Following
incubation and two US Post Tests, the Extinction data show that despite identical levels of
CR acquisition, rabbits incubated for ten days exhibited significantly lower overall levels of
responding to the CS than rabbits incubated for one and six days who extinguished across
the four 20-trial blocks. Unpaired control rabbits continued to show little, if any responding
to the CS.

CRM
The three panels of Figure 2 show sample UR response topographies for an individual rabbit
from each of the paired groups as a function of the first 20-trial block of US test intensities
(0.1, 0.25, 0.5, 1.0 and 2.0 mA) presented before CS-US pairings (Pretest), after one, six or
ten days of incubation (Post Test-1) and again seven days later (Post Test-2). Focusing on
whether CRM occurred as a function of incubation (Pretest versus Post Test-1), the panels
show dramatically larger responses that peaked later following six days of incubation but
only subtle shifts in peak latency following one day of incubation and no discernible
changes ten days after incubation. The middle panel also shows that the changes in size and
timing of responding to the US that occurred after six days of incubation weakened slightly
but persisted a week later (Post Test1 versus Post Test2).

Figure 3 shows the mean and standard error for response frequency (Percent Responding),
peak latency, magnitude and area (Magnitude of Area) for paired subjects as a function of
the first 20-trial block of US test intensities (0.1, 0.25, 0.5, 1.0 and 2.0 mA) presented before
CS-US pairings (Pretest), after one, six or ten days of incubation (Post Test-1), and again
seven days later (Post Test-2). The left column of bar graphs shows that there was a
significant increase in peak latency on Post Test1 following one day of incubation. The
middle columns show significant increases in response frequency, peak latency, magnitude
and area on Post Test1 for the group of rabbits tested six days after incubation and an
increase in magnitude and area that persisted a week later on Post Test2. The right column
of bar graphs shows that there were no reliable changes in responding to the US following
ten days of incubation.

These observations were confirmed by analyses of response frequency, peak latency,
magnitude and area. An analysis of response frequency yielded a significant main effect of
CRM testing (F(2, 30) = 7.54, p <.01) and US intensities (F(4, 60) = 213.59, p < .001) and
an interaction of CRM testing and US intensities (F(8, 120) = 5.36, p <.001). Post hoc
comparisons isolated the significant effects of CRM testing on response frequency to lower
US intensities (0.1, 0.25, and 0.5 mA) following six days of incubation (p’s < .05). An
analysis of peak latency for US intensities at which responses occurred (0.25, 0.5, 1.0, 2.0
mA), yielded a significant main effect of CRM testing (F(2, 30) = 4.37, p <.05), an
interaction of CRM testing and Days of incubation F(2, 30) = 2.76, p < .05), and an
interaction of CRM testing and US intensities (F(8, 120) = 2.30, p <.05). Post hoc
comparisons isolated the significant interaction of CRM testing and Days of incubation on
peak latencies to two US intensities (0.25 and 0.5 mA) following one day (p’s < .01) and six
days of incubation (p’s < .05). An analysis of magnitude yielded a significant main effect of
CRM testing (F(2, 30) = 6.50, p <.01), US intensities (F(4, 60) = 132.58, p < .001), an
interaction of CRM testing and Days of incubation (F(2, 30) = 3.00, p <.05) and an
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interaction of CRM testing and US intensities (F(8, 120) = 6.08, p <.001). Post hoc
comparisons isolated the significant interaction of CRM testing and Days of incubation on
response magnitude to increases from Pretest at three US intensities (0.1, 0.25 and 0.5 mA)
following six days of incubation for Post Test1 and at two intensities (0.25, 0.5 mA) for Post
Test2 (p’s < .05) with Post Test2 being significantly lower than Post Test1 at those two
intensities (p <.05). Finally, an analysis of area yielded a significant main effect US
intensities (F(4, 60) = 25.75, p < .001) and an interaction of CRM testing and US intensities
(F(8, 120) = 3.55, p <.01). Post hoc comparisons isolated the significant interaction effects
of CRM testing on response area to three US intensities (0.1, 0.25 and 0.5 mA) following six
days of incubation for Post Test1 and to two intensities (0.25, 0.5 mA) for Post Test2 (p’s < .
05) with Post Test2 being significantly lower than Post Test1 at those two intensities (p <.
05).

Taken together, the US testing data suggest that CRM was marginally present following one
day of incubation evidenced by a shift in peak latencies and became fully formed following
six days of incubation not only as a shift in peak latency but as an increase in the frequency,
magnitude and area of responses. Assessment of CRM a week later indicated that responses
for rabbits receiving six days of incubation were still significantly larger than on Pretest
suggesting a persistence of the effect. Testing of CRM following ten days of incubation
showed no significant changes from Pretest values in response frequency, peak latency,
magnitude or area suggesting that incubation effects following NMR conditioning do not
have a delayed onset but do have a relatively short duration.

Unpaired controls
The two panels of Figure 4 show sample UR response topographies for an individual rabbit
from the unpaired (top) group and a rabbit from the paired group (different from the one in
Figure 2) as a function of the first 20-trial block of US test intensities (0.1, 0.25, 0.5, 1.0 and
2.0 mA) presented before CS-US pairings (Pretest) after six days of incubation (Post Test-1)
and again seven days later (Post Test-2). The panels show no evidence of change in the size
or timing of responses as a function of unpaired stimulus presentations compared to the
changes shown by the rabbit that had received CS-US pairings. Analyses of response
frequency, peak latency, and magnitude confirmed these observations by yielding significant
main effects of pairings (F’s (2, 20) >11.78, p’s <.01) or, in the case of area, a significant
interaction of pairings with CRM testing (F(2, 20) = 10.40, p < .001).

Discussion
The principal findings of the current experiment were: (1) after one day of classical
conditioning resulting in modest overall levels of conditioning, changes of the NMR were an
inverted-U shaped function of the number of days of incubation; (2) these changes were
indexed by a shift in the peak latency and an increase in the size of the NMR following six
days of incubation; (3) the incubation effect persisted for a week but does not have a delayed
onset; and (4) unpaired controls showed no change in the size of the NMR suggesting the
incubation effect was associative – a suggestion supported by the inverted “U-shaped”
incubation function.

The symptoms of PTSD do not always occur immediately after trauma and they can become
more pronounced over time (Frueh et al., 2009; Smid et al., 2011). In fact, a delay in the
onset of symptoms by as much as six months has been incorporated into previous diagnostic
criteria of PTSD (Smid et al., 2011). However, there is now considerable debate about
whether delayed-onset PTSD actually exists in either veterans or civilians with evidence for
both points of view (Andrews et al., 2007; Frueh et al., 2009; Andrews et al., 2009; Horesh
et al., 2010; Smid et al., 2011). The present data suggest that in an animal model of PTSD
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symptoms, rabbits do not show a delay in onset of CRM but there is a window during which
incubation exacerbates CRM and CRM persists. The results are consistent with clinical data
in which exacerbation or reactivation of prior symptoms accounted for 38.3% of military
cases of PTSD and 15.3% of civilian cases (Andrews et al., 2007).

The development and exacerbation of NMR CRM to the US in the current experiment
overlapped with elevated conditioned response levels suggesting a potential connection
between the two types of response (Buck et al., 2001; Schreurs, 2003; Burhans et al., 2008).
We have shown previously that CRM has a number of characteristics in common with CRs
including timing and topography (Schreurs, 2003; Burhans et al., 2008). The present data
show that after both one and six days of incubation there was a shift in the timing of the UR
because the response peaked closer to a point where the US would have occurred on paired
trials (Schreurs et al., 2000). The fact that the level of both CRs and CRM were significantly
lower following ten days of incubation provides additional support for a connection between
the two types of response. However, as noted in the past, there is not a simple one-to-one
correspondence between CRs and CRM (Buck et al., 2001). In the present experiment, it
was not just the level of CRs that determined the level of CRM because the level of
conditioning was identical among the three paired groups at the end of CS-US pairings.
Moreover, the level of responding early in extinction was not significantly different between
one and six days following CS-US pairings but the level of CRM was much higher in the
latter. Finally, extinguishing CRs does not extinguish CRM, and it is only when both CS-
alone and US-alone trials are presented in an unpaired fashion that both CRs and CRM can
be extinguished (Schreurs et al., 2000; Schreurs et al., 2010). The clinical implication is that
therapy designed to reduce fear of the sights, sounds, and smells associated with trauma may
not be very effective because the fear of the trauma itself must also be extinguished
(Schreurs et al., 2010). However, re-exposure to the trauma in order to extinguish it raises
serious ethical as well as practical concerns. We have shown elsewhere that using very weak
versions of the US in an unpaired procedure is sufficient to extinguish both CRs and CRM
(Schreurs et al., 2010). This could be implemented with cognitive behavioral therapy in a
virtual reality environment (Gerardi et al., 2010) and timed to occur with the appearance of
symptoms be they immediate or delayed (Andrews et al., 2009).

The search for the neurobiology of incubation has met with limited success (Pickens et al.,
2009b) but a number of studies have implicated the amygdala (Roozendaal et al., 2009) and
cingulate cortex (Freeman, Jr. & Gabriel, 1999). Roozendaal and colleagues showed that ten
days after acute stress, structural changes occurred in the amygdala that did not occur one
day after stress (Roozendaal et al., 2009). Freeman and Gabriel (1999) found significant
increases in neural activity in the posterior cingulate cortex and anterior thalamus following
a 48-hour incubation period after limited initial fear-motivated avoidance learning in rabbits.
These changes did not occur immediately after the limited avoidance learning. Previous
work from our laboratory has shown a critical role for the amygdala in the expression of
CRM, suggesting it may be one of the neural substrates for the incubation effects on CRM
(Burhans & Schreurs, 2008).

A case has been made that exaggerated responding after classical conditioning of the rabbit
NMR may be useful as a model of some symptoms of PTSD (Seager et al., 2003; Schreurs
et al., 2005; Burhans et al., 2008; Schreurs et al., 2010). Increases in size and complexity of
the NMR to weak USs following classical conditioning bear some similarity to the
heightened responsiveness to stressful stimuli characteristic of PTSD (McTeague et al.,
2010). An important aspect of these previous studies is that CRM only emerged as a result
of an extensive number CS-US pairings across several days of classical conditioning
(Schreurs et al., 1995). Although there are many cases of PTSD that emerge after chronic
trauma such as a protracted period of exposure to stress (Kaysen et al., 2003), the most
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common perception is that PTSD results from a single traumatic experience. In our previous
experiments, rabbits were given CS-US pairings for at least three days but in many cases six
days of pairings before we observed profound changes in the nature of the UR (Schreurs et
al., 2000; Buck et al., 2001). With just a single day of CS-US pairings, the present
experiment shows that comparatively short-term stress can also induce profound changes in
the nature of the UR if the effects of CS-US pairings are permitted to incubate. Clinically,
having a time window when incubation can exacerbate symptoms speaks to the vulnerability
of re-experiencing trauma too soon after a traumatic event. The literature suggests that it is
the presence of stressors before, during or after the trauma that may be more predictive of
PTSD than a specific period of vulnerability. Andrews et al. (2009) suggest that delayed
onset PTSD is an accumulation of symptoms over time and is more likely in those reporting
a recent severe stressor. Horesh et al. (2010) say that more stressful life experiences (and
greater perceived severity of the combat trauma) are associated with a shorter PTSD onset.
Both groups would make the point that PTSD could be a serious problem for military or
emergency personnel who are recalled to a combat zone or disaster site without sufficient
time to deal with and overcome the severe stress of their initial experiences.
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Figure 1.
Mean (± SEM) percent conditioned responses (CRs) to the conditioned stimulus as a
function of 20-trial blocks during conditioned stimulus-unconditioned stimulus pairings or
unpaired stimulus presentations during Acquisition and to conditioned stimulus-alone
presentations during Extinction. Extinction took place following one, six or ten days of
incubation and two Post Test sessions (Post1 and Post2) that were separated by seven days.
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Figure 2.
The three panels show sample unconditioned response topographies for individual rabbits as
a function of the first 20-trial block of unconditioned stimulus test intensities (0.1, 0.25, 0.5,
1.0 and 2.0 mA) presented before conditioned stimulus-unconditioned stimulus pairings
(Pretest, dotted line), after one, six or ten days of incubation (Post Test1, red line) and again
seven days later (Post Test2, blue line).
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Figure 3.
Mean (± SEM) response frequency (Percent Responding), peak latency in milliseconds,
magnitude in millimeters and area in arbitrary units (Magnitude of Area) for paired subjects
as a function of the first 20-trial block of unconditioned stimulus test intensities (0.1, 0.25,
0.5, 1.0 and 2.0 mA) presented before conditioned stimulus-unconditioned stimulus pairings
(Pretest), after one, six or ten days of incubation (Post Test1) and again seven days later
(Post Test2).
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Figure 4.
The two panels show sample unconditioned response topographies for an individual rabbit
from the unpaired (top) group and a rabbit from the paired group (different from the one in
Figure 2) as a function of the first 20-trial block of unconditioned stimulus test intensities
(0.1, 0.25, 0.5, 1.0 and 2.0 mA) presented before conditioned stimulus-unconditioned
stimulus pairings (Pretest, dotted line), after one, six or ten days of incubation (Post Test1,
red line) and again seven days later (Post Test2, blue line).

Schreurs et al. Page 14

J Psychiatr Res. Author manuscript; available in PMC 2012 November 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript


