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Abstract
Animal models of post traumatic stress disorder (PTSD) are based on fear conditioning where
innocuous cues elicit reactions that originally occur to traumatic events – a core feature of PTSD.
Another core feature is hyperarousal – exaggerated reactions to stressful events. One limitation of
animal models of PTSD is that group effects do not model the sporadic incidence of PTSD. We
developed an animal model of PTSD in which rabbit nictitating membrane responses become
exaggerated as a function of classical conditioning to a tone conditioned stimulus (CS) paired with
a shock unconditioned stimulus (US). Exaggerated responses to the US are a form of hyperarousal
termed conditioning-specific reflex modification (CRM) and occur in the absence of the CS.
Inspecting data across several experiments, we determined 25% of our rabbits exhibit strong CRM
despite all subjects having high levels of conditioning. To determine how prone rabbits were to
CRM (susceptibility) or how resistant (resilience), we examined data from 135 rabbits analyzing
for factors during CS-US pairings and during US prescreening that would predict CRM. We found
the magnitude of CRM was correlated with the onset latency and area of conditioned responding
during CS-US pairings and with the peak latency of a response during US pretesting. In an animal
model of PTSD that more accurately reflects clinical prevalence, we can begin to predict
susceptibility not only during responding to a stressful conditioning situation but also during a
screening process before the stressful situation takes place. The results suggest relatively
innocuous testing may help detect PTSD after trauma and screen for it before trauma occurs.
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Introduction
Post-traumatic stress disorder (PTSD) is an anxiety disorder triggered by trauma and
symptoms may include re-experiencing, avoidance and hyperarousal. PTSD occurs in 5–
15% of those exposed to trauma (Cohen et al., 2004; Kok et al., 2012; McNally, 2012;
Ramchand et al., 2010) suggesting there may be factors contributing to a person’s ability to
withstand the effects of trauma (resilience) or be prone to them (susceptibility) (Bush et al.,
2007; Dudley et al., 2011; Pole et al., 2009; Yehuda & Flory, 2007). Although many
traumatic events are unpredictable, in other cases, including combat by frontline troops and
responding to accidents and disasters by emergency personnel, trauma could be anticipated
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and even predicted (Baker et al., 2012; Hourani et al., 2012; Meyer et al., 2012). As a result,
there is growing interest in and a need to determine the characteristics of people in and their
reaction to predictable traumatic situations to determine resilience and susceptibility (Baker
et al., 2012; Meyer et al., 2012). For the majority of cases, however, it is important to
understand if and how a person’s reactions to unexpected trauma may help predict PTSD
and even prevent it (Pitman et al., 2002; Rothbaum et al., 2012; Zohar et al., 2012).

There are US military programs designed to assess risk (Baker et al., 2012), train resilience
(Cornum et al., 2012), and protect troops from PTSD (Morgan & Bibb, 2011). The most
obvious risks for military personnel are the number of deployments and exposure to combat
during those deployments (Bonanno et al., 2012; Phillips et al., 2010). Resilience in this
population is reflected in experience, training, preparedness, positive acceptance of change,
belief in fate, availability of secure relationships, and social support (Bonanno et al., 2012;
Goldmann et al., 2012; Hourani et al., 2012; Tsai et al., 2012). In civilians, resilience is
associated with variables including supportive social networks, resilient role models and
spirituality in intensive care unit nurses (Mealer et al., 2012) and social cohesion and mutual
support in firefighters (Meyer et al., 2012). Susceptibility on the other hand, has been related
to poor social networks, lack of support, occupational stress, childhood abuse, and number
of exposures to trauma (Mealer et al., 2012; Meyer et al., 2012; Wrenn et al., 2011). Clearly,
understanding factors that increase resilience and reduce susceptibility may help reduce and
prevent PTSD and even provide strategies to inoculate against it (Zohar et al., 2012).

Most animal models of PTSD are based on fear conditioning in which innocuous cues elicit
reactions that originally occur to stressful events (Cohen et al., 2006; Pawlyk et al., 2005;
Pitman et al., 1993; Stam, 2007), but another core feature of PTSD is hyperarousal –
exaggerated reactions to stressful events themselves (Siegmund & Wotjak, 2007). We have
developed an animal model of PTSD based on observations that rabbit nictitating membrane
responses (NMR) and changes in heart rate – different responses to the same aversive event
– become exaggerated as a function of classical conditioning (Burhans et al., 2008; Gruart &
Yeo, 1995; Schreurs et al., 1995; Schreurs et al., 2000; Schreurs, 2003; Schreurs et al., 2005;
Wikgren & Korhonen, 2001). These exaggerated responses occur when the aversive event is
tested without the cue and this form of hyperarousal is termed conditioning-specific reflex
modification (CRM). CRM is detected by comparing responses to a range of unconditioned
stimulus (US) intensities when presented by themselves before and after classical
conditioning. CRM is a function of conditioning parameters such as number of conditioned
stimulus (CS)-US pairings and US intensity, and it can generalize from one US to another
and from one anatomical location to another (Buck et al., 2001; Schreurs et al., 1995;
Schreurs et al., 2000; Seager et al., 2003). CRM is also sensitive to context, undergoes
extinction, incubation, and spontaneous recovery, is susceptible to drugs and dietary
manipulations, and has potential as a model for developing PTSD treatment (Burhans et al.,
2010; Schreurs et al., 2005; Schreurs et al., 2006; Schreurs et al., 2007; Schreurs et al.,
2011a; Schreurs et al., 2011b; Schreurs et al., 2011c). Conditioning-specific changes in
responding to the US characteristic of CRM have been described by several groups in
rabbits (Gruart & Yeo, 1995; Schreurs et al., 1995; Wikgren & Korhonen, 2001) and in rats
(Servatius et al., 2001). Importantly, Burriss, Ayers, and Powell (2007) have shown that
combat veterans with PTSD have eyeblink CRs and URs that are larger than combat
veterans without PTSD.

A limitation of animal models of PTSD is that group effects do not model the sporadic
incidence of PTSD (Burhans et al., 2008; Cohen et al., 2004; Goswami et al., 2012). Thus,
researchers have begun to study individual differences between animals and devised criteria
to identify subjects categorized as resilient and susceptible (Burhans et al., 2008; Bush et al.,
2007; Cohen et al., 2004; Cohen et al., 2005; Cohen & Zohar, 2004; Goswami et al., 2012;

Smith-Bell et al. Page 2

Behav Neurosci. Author manuscript; available in PMC 2013 December 01.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text



Siegmund & Wotjak, 2006; Stam, 2007; Zohar et al., 2012). Cohen and colleagues have
used behavioral cutoffs in sequential tests – elevated plus maze and acoustic startle – to
detect maladaptive responses following exposure to predator and immersion stressors
(Cohen et al., 2004). They noted that although 90% of subjects initially showed maladaptive
responses, only 24% continued to show these responses over time.

We have noted that not all rabbits show CRM despite all having the same high levels of
NMR conditioning (Burhans et al., 2008). If CRM is to help model PTSD symptoms,
reliance on group data may limit detection of the phenomenon, reducing the opportunity to
observe subjects with stress-related changes in behavior considered maladaptive and explore
what constitutes susceptibility in some and resilience in others. The purpose of this paper
was to analyze NMR conditioning and CRM data from a large number of rabbits trained and
tested under identical conditions to identify dependent variable measures from NMR
conditioning and US pretesting that correlated with CRM in individual subjects and to
determine how these variables might predict CRM. Analysis of NMR conditioning data
could help determine how responding during CS-US pairings would anticipate CRM and
analysis of US testing data before NMR conditioning could help determine how responding
during screening would identify subjects that develop high levels of CRM (susceptible) and
those with little, if any, CRM (resilient).

Materials and Methods
Subjects

We analyzed data from 135 rabbits classically conditioned using our standard NMR delay
conditioning paradigm. The data came from 70 rabbits in a published study (Schreurs et al.,
2011c) and 64 rabbits from two unpublished studies. Subjects were male, New Zealand
White rabbits (Oryctolagus cuniculus), supplied by Harlan, weighing 2.0–2.2 kg. Rabbits
were housed in individual cages, given free access to food and water, and kept on a 12-hour
light/dark cycle. Rabbits were maintained according to NIH guidelines, and the research was
approved by the West Virginia University ACUC.

Apparatus
The apparatus and recording procedures are detailed by Schreurs and Alkon (1990) who
modeled them after those described by Gormezano (Coleman & Gormezano, 1971;
Gormezano, 1966). Each subject was restrained in a Plexiglas box and trained in a sound-
attenuating, ventilated chamber (Coulbourn Instruments, Model E10-20). The US was
periorbital electrodermal stimulation delivered by a programmable two-pole shocker
(Coulbourn Instruments, Model E13-35) via stainless steel wound clips positioned below
and posterior to the right eye.

Procedure
All 135 rabbits received one session of adaptation, one 80-trial session of US testing
(Pretest), six sessions of paired CS-US presentations, and another 80-trial session of US
testing (Post Test). There was only one session presented per day. During the adaptation
session, rabbits were prepared for US presentations and recording of the NMR and adapted
to training chambers for the duration of subsequent sessions (80 min). On US Pretest and
Post Test sessions, rabbits received 80 US trials presented on average every 60 s (50–70 s
range). Each trial involved one of 20 combinations of US intensity (0.1, 0.25, 0.5, 1.0, or 2.0
mA) and duration (10, 25, 50, or 100 ms). Four randomized sequences of the 20
combinations were presented on each US testing session and the same intensity or duration
did not occur on more than three consecutive trials.
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Each conditioning session consisted of 80 presentations of a 400-ms, 1-kHz, 82-dB tone CS
co-terminating with a 100-ms, 2.0-mA US (300-ms inter-stimulus interval). Pairings were
delivered on average every 60 s (50–70 s range).

A conditioned response (CR) was any nictitating membrane (NM) extension exceeding 0.5
mm initiated after CS onset but before US onset. CR dependent variables were frequency,
onset latency, and criterion latency (latency to reach a 0.5-mm response criterion)
determined from CS onset to US onset. Over several studies, we noted a strong resemblance
between unconditioned response (UR) topographies on US Post Test (CRM) and CR-UR
topographies during CS-US pairings, particularly in well-conditioned subjects (Buck et al.,
2001; Burhans et al., 2008; Schreurs, 2003). To see how well the full response topography
on paired trials predicted UR topography on Post Test, we analyzed peak latency, amplitude
and area of a CR from CS onset to the end of the trial (1,800 ms).

A UR was any NM extension exceeding 0.5 mm initiated within 300 ms of US onset. The
UR criterion was based on observations that, following CS-US pairings, Post Test URs to
lower US intensities had onset latencies that fell within the range of latencies for CRs
(Schreurs et al., 2000). Response amplitude was scored in millimeters as maximum NM
extension. Response area was total area under the response curve (arbitrary units). Two
additional UR measures were calculated to overcome statistical limitations of empty data
cells produced by subthreshold responses to the US, particularly at low intensities. These
measures – magnitude of response amplitude and magnitude of response area – included
amplitudes and areas of all NMRs above baseline (Garcia et al., 2003). All UR data were for
five US intensities (0.1, 0.25, 0.5, 1.0, and 2.0 mA) presented across the first 20 trials of US
Pretest and Post Test collapsed across US durations (Schreurs, 2003).

Data analysis
We analyzed CR frequency, onset latency, criterion latency, peak latency, amplitude and
area during CS-US pairings. CRM measures comprised percent change in UR frequency,
magnitude of UR amplitude and magnitude of UR area from Pretest to Post Test. Increases
in dependent variable measures from Pretest to Post Test were represented as positive
values. If there was no response on Pretest but there was a response on Post Test, percent
change was set to 100%. If there was no response on Post Test but there was a response on
Pretest, percent change was set to −100%.

To determine the relationship between responding during CS-US pairings and CRM as well
as during Pretest and CRM, we calculated correlation coefficients for CR frequency, onset
latency, criterion latency, peak latency, amplitude and area versus percent change in UR
frequency, magnitude of UR amplitude and magnitude of UR area. To measure the degree of
relationship between these sets of CR performance variables and the CRM predicted
variables we calculated Canonical Correlations using SYSTAT (Crane Software). Canonical
correlations are multivariate statistics describing interrelationships among sets of variables
(Harris, 2001; Sherry & Henson, 2005) particularly when there are multiple dependent
variables ( measures of CRM) and multiple independent variables (measures of CR
performance, measures of URs on US Pretest). An overall association between variables is
expressed as R2 (−1.0 ≤ R2 ≤ 1.0) and significance determined by a specific probability
(PROB). We use the canonical correlations as an omnibus test for significance among the
multiple dependent and independent variables and bivariate correlations to explore the
specific relationships.
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Results
NMR Conditioning

Six panels in Figure 1 depict CR frequency, onset latency, criterion latency, peak latency,
amplitude and area across six sessions of CS-US pairings. The inset in each panel illustrates
the frequency distribution of each dependent variable on the last session of CS-US pairings.
The top left panel shows all rabbits acquired CRs within two days of pairings and reached
asymptotic levels greater than 95% CRs (range: 83% to 100%). The remaining panels show
CR onset, criterion and peak latencies decreased across sessions and response amplitude and
area increased. The insets show relatively tight frequency distributions as the error bars
would suggest. Analyses of variance (ANOVAs) yielded significant effects of days of CS-
US pairings for all six dependent variables, (F’s (5,670) > 7.60, p’s < .001).

CRM
Individual subject Post Test data indicate CRM is not universal and although some rabbits
show large changes in responding from Pretest to Post Test, others show little, if any,
changes (Burhans et al., 2008). Figure 2 shows responding to five US intensities by two
subjects trained and tested at the same time where the top rabbit (Susceptible) shows
profound increases in response amplitude (1200%) and area (2000%) particularly at
intermediate US intensities (0.25 and 0.5 mA) following CS-US pairings (Post Test) and the
bottom rabbit (Resilient) shows very little change in amplitude (−80%) or area (−80%).
These differences exist despite high levels of CR acquisition for both subjects (100% vs.
98.7% CRs).

Figure 3 graphs the frequency distribution of all rabbits as a function of the percent change
in UR frequency, magnitude and magnitude of response area collapsed across the five US
intensities. The figure shows a very wide range of increases in the three measures of CRM
for most of the 135 rabbits as well as a minority of rabbits that showed a Pretest to Post Test
decrease. To obtain an estimate of the number of rabbits showing CRM, we calculated mean
and standard deviation of UR frequency, magnitude of response amplitude, and magnitude
of response area on Pretest and compared this to each individual subjects’ Post Test values.
A total of 77 rabbits (57%) had at least one dependent variable indicative of CRM – defined
as a Post Test value that was at least one standard deviation greater than the Pretest mean.
To obtain a more stringent estimate of the number of rabbits showing CRM, we calculated
mean and standard deviation of percent change from Pretest to Post Test in frequency,
magnitude of response amplitude, and magnitude of response area. This analysis takes into
account that many rabbits show some level of CRM but focuses on rabbits that had the
strong levels seen in Figure 2. That is, we selected subjects with abnormally large reactions
to stress – the central tenet of PTSD. A total of 47 rabbits (34.8%) had at least one measure
of CRM that was one standard deviation above the mean percent change: 15.7% had UR
frequencies, 26.1% had magnitudes of response amplitude, and 11.2% had magnitudes of
response area greater than one standard deviation above the mean. Given individual
differences in the presence and level of CRM despite comparably high levels of CR
acquisition, we determined if there were behavioral variables measured during CS-US
pairings that correlated with CRM and might be predictive of it.

CRM and NMR Conditioning
We compared measures of CR frequency, onset latency, criterion latency, peak latency,
amplitude and area for each session of CS-US pairings (predictors) with CRM measures of
percent change in UR frequency and percent change in magnitude of UR amplitude and
magnitude of UR area. Multivariate canonical correlation analyses revealed significant
relationships between CR area and magnitude of UR amplitude (R2 = 0.343, PROB = 0.005)
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and magnitude of UR area (R2 = 0.315, PROB = 0.018), between CR amplitude and
magnitude of UR area (R2 = 0.335, PROB = 0.007), and CR onset latency and magnitude of
UR amplitude (R2 = 0.322, PROB = 0.013). We then examined univariate correlation
coefficients for the predictors identified by the canonical correlations (CR area and onset
latency) and measures of CRM. The correlation coefficients are listed in Table 1. There
were a number of significant positive univariate correlations between CR area and percent
change in UR frequency, magnitude of UR amplitude, and magnitude of UR area by the last
session of CS-US pairings but as early as the second session (0.17 < r’s < .38, 0.05 < p’s < .
0001) suggesting the larger the CR the larger the CRM. The largest of these correlations
were for magnitude of UR amplitude at 0.25 mA (r=0.38, p < .0001) and 0.5 mA (r=0.31, p
< .001) where we see the largest levels of CRM (Susceptible, Figure 2). There were
significant negative correlations between CR latency measures of onset and UR frequency,
magnitude of UR amplitude, and magnitude of UR area (−0.17 < r’s < −.28, 0.05 < p’s < .
0001) that began to emerge by the third session of CS-US pairings but were largest on the
last session. The negative latency correlations indicate the shorter the onset latency with
which rabbits responded to the CS during CS-US pairings the greater the magnitude of
CRM.

Figure 4 provides scatter plots of the correlation data for each of the measures of CRM at a
single US intensity (0.25 mA) for area and onset latencies of CRs that occurred on the sixth
session of CS-US pairings. In comparison to Table 1, the scatter plots do not illustrate the
highest correlations but are included to show the data for a single US intensity on a single
day that depict a number of significant positive and negative correlations as well as a non-
significant correlation. The scatter plots illustrate a number of important points. Looking at
the top two plots, the majority of rabbits responded to the US on both Pretest and Post Test
(0 percent change) or did not respond on Pretest and did respond on Post Test (100 percent
change). The middle plots show the strongest correlations and that a number of rabbits
showed increases in the magnitude of responding to the 0.25-mA US on Post Test of 200%
or more. The right scatter plot illustrates quite clearly that the largest changes in magnitude
were for rabbits that had some of the shortest CR onset latencies. Finally, the bottom two
plots show that only a very few rabbits had extremely large increases in the magnitude of the
area of their responses and that these increases were an order of magnitude larger that the
increases in response magnitude. Nevertheless, there were still a number of rabbits that had
increases in the magnitude of the area of up to 2000 percent confirming that rabbits were
susceptible to the effects of CS-US pairings. These scatter plots are also representative of the
plots obtained for responding at 0.5 mA on the last session of CS-US pairings and at both
0.25 and 0.5 mA on earlier sessions of CS-US pairings.

To determine whether we could reliably detect differences in performance during CS-US
pairings for rabbits considered to be highly susceptible, we conducted ANOVAs of CR
frequency, onset latency, amplitude, peak latency and area for rabbits at least one standard
deviation above the mean percent change in CRM and considered susceptible compared to
those that were not susceptible. Given the same levels of CR acquisition for all rabbits, there
were no effects of susceptibility for CR frequency (F’s < 2.66, p’s > .1). In contrast, there
were main effects of susceptibility for CR onset latency (F(1, 133) = 5.77, p < .05) and area
(F(1, 133) = 10.52, p < .005), and interactions of susceptibility with days of CS-US pairings
for CR onset latency (F(5, 665) = 4.59, p < .001), amplitude (F(5, 665) = 2.63, p < .05), and
area (F(5, 665) = 4.59, p < .001). As suggested by the correlations, these data confirm that
although susceptible rabbits had the same level of CRs as those that showed little, if any,
CRM, CRs were larger and occurred with shorter latencies. These effects emerged as a
function the number of CS-US pairings.
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CRM and Pretest
As important as it is to determine if PTSD will occur based on a person’s response to
trauma, there would be significant advantages to screening for the likelihood of PTSD
before trauma was encountered. We calculated correlations between US responding on US
Pretest and measures of CRM (UR frequency, magnitude of UR amplitude and magnitude of
UR area). Given the percent change scores used to assess CRM are dependent on the Pretest
values used to calculate them, only correlations between UR Pretest and CRM measures
independent of each other were considered (onset and peak latencies versus change in UR
frequency, magnitude of UR amplitude and magnitude of UR area). In fact, analyses of
measures that were dependent particularly Pretest UR frequency and percent change in UR
frequency yielded a very high canonical correlation (R2 = 0.977, PROB = 0.000) as one
would expect where one measure contains elements of the other as well as a highly
significant difference between subjects that would be considered susceptible and those
considered resilient (F’s > 7, p’s < .0001).

Canonical correlation analyses revealed a significant relationship between Pretest peak
latency and percent change in magnitude of UR amplitude (R2 = 0.238, PROB = 0.021).
Table 2 lists individual correlations and shows peak latencies to a 0.25-mA Pretest US were
significantly related to percent change in UR frequency (r=0.36, p < .05) and magnitude of
UR area (r=0.57, p < .001) to a 0.5-mA US. A similar but less striking effect was noted for
onset latency and magnitude of UR area (r’s=.36, p’s < .05). These positive correlations are
based on the 41 rabbits that responded to the 0.25-mA US on Pretest and the data for
responding at 0.25 mA on Pretest versus percent changes in UR frequency, magnitude of
UR amplitude and magnitude of UR area at 0.5 mA are depicted as scatter plots in Figure 5.
The scatter plots show Pretest peak latencies are more spread than the onset latencies and,
looking specifically at the bottom two plots, the majority of rabbits show an increase of up
to 1000% in the magnitude of UR area. Taken together, the data imply that the later the UR
onset and peak occurred to a weak shock on Pretest, the more likely there were to be
changes in the likelihood and size of CRM at US values where CRM is most often detected
(Burhans et al., 2008; Schreurs, 2003).

To determine whether we could detect differences in responding during Pretest for rabbits
that would be considered susceptible, we conducted ANOVAs on UR frequency, onset, and
peak latency for rabbits that were one standard deviation above the mean percent change in
CRM and those that were not. Repeated measures analyses do not tolerate missing data and
the low levels of responding to US intensities of 0.1 and .25 mA required analyses to be
restricted to US intensities of 0.5, 1.0, and 2.0 mA. With this restriction, 26 subjects were
deleted due to missing data. Given the reliance of CRM measures on Pretest UR frequency,
there were significant effects of susceptibility for UR frequency (F’s > 7, p’s < .0001).
Importantly, there was also main effects of susceptibility for UR onset latency (F(1, 106) =
5.08, p < .05) and an interaction of susceptibility with Pretest US intensity for UR onset
latency (F(2, 212) = 3.16, p < .05), but not peak latency (F’s < 1.6, p’s > .22). However,
these Pretest data may be less sensitive to change because of the large amount of missing
data – data where we see many of our most significant changes (Figure 2). Analyses of
Pretest UR measures that included responses to a 0.25 mA US resulted in 98 deleted cases
but did yield significant effects of peak latency (F(3, 105) = 4.45, p < .01) and onset latency
(F’s > 3.02, p’s < .05). As suggested by the correlations, these data confirm susceptible
rabbits had Pretest URs that began and peaked more slowly than rabbits that showed little, if
any, CRM.
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Discussion
The principal finding of these analyses was that size of CRM was correlated with latency
and area of CRs during CS-US pairings and with peak latency of URs during a Pretest
session administered before CS-US pairings. Specifically, CRM occurred in rabbits with
CRs that had shorter onset latencies and had larger areas during training and in rabbits
whose URs had longer peak latencies during testing before training. These data came from a
large group of animals trained and tested under identical conditions in numerous replications
over many months and suggest, in an animal model of PTSD, we can begin to predict
susceptibility to CRM not only during responding to a stressful conditioning situation but
also during a screening process that occurs before the stressful situation takes place.

We have previously noted the topography of a UR after CS-US pairings bears a striking
resemblance to the CR-UR sequence that occurs during CS-US pairings, not only for the
NMR (Schreurs et al., 2000) but for heart rate as well (Burhans et al., 2010; Schreurs et al.,
2005; Schreurs et al., 2011a). That is not to say that CRM is simply a CR elicited by weak
shocks after training because extinguishing CRs does not extinguish CRM and extinguishing
CRM does not extinguish CRs (Schreurs et al., 2000). Moreover, there is no evidence
rabbits can generalize from tones to lights let alone from tones to shocks (Kehoe & Holt,
1984; Kehoe & Napier, 1991; Schreurs & Kehoe, 1987). Nevertheless, the significant
correlation between CR area and CRM confirms there is a relationship between the two
responses. As briefly described in the introduction, an eyeblink conditioning study in
veterans by Burris and colleagues showed combat veterans with PTSD had larger CRs and
URs than combat veterans and non-combat veterans without PTSD (Burriss et al., 2007).
Given the neural pathways for eyeblink conditioning in humans and rabbits show
considerable similarity, the correspondence between PTSD and CRM suggests eyeblink
conditioning and CRM may provide insights about the biological basis of PTSD. For
example, the amygdala has long been implicated in classical conditioning in both humans
(Linnman et al., 2011; Marschner et al., 2008) and rabbits (Kim & Jung, 2006; Powell et al.,
1997) as well as in PTSD (Robinson & Shergill, 2011; Sripada et al., 2012) and we have
shown that infusions of the GABA agonist muscimol into the amygdala affects the
expression of CRM (Burhans & Schreurs, 2008).

The significant negative correlations between CR latency and CRM is intriguing. These
results bear some similarity to reaction times shown to change as a function of PTSD with
evidence reaction time to a neutral word is faster if it follows a threat in PTSD patients
(Amir et al., 2009) and neural activity in PTSD patients is faster to threat stimuli with
reactions becoming faster the more severe the trauma (Rockstroh & Elbert, 2010). This is
not unequivocal however, because there is also evidence of longer reaction times and longer
evoked-response potentials as a result of PTSD (Hennig-Fast et al., 2009).

Also intriguing is the fact that CRM was correlated with peak latency on Pretest. The data
indicate the longer a response takes to reach its peak to a weak US on Pretest the more likely
a rabbit will show CRM following CS-US pairings. As important as it is to be able to predict
PTSD from a person’s reaction to the trauma (Zohar et al., 2012), the ability to screen for
someone susceptible to PTSD is important to those exposed to trauma on a regular basis
including combat troops, first responders, and other emergency personnel (Baker et al.,
2012; Hourani et al., 2012; Meyer et al., 2012). The present peak latency results indicate we
might be able to screen for CRM based on the timing of response peaks to weak shocks.
This has clinical relevance because these US test intensities are weak enough to only elicit a
minimal response and therefore, are not very aversive. As such, weak shocks could be an
effective screen for CRM without having to present a range of US intensities during Pretest,
particularly higher intensities.
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Because it normally takes several days of classical conditioning before exaggerated
responses emerge (Schreurs et al., 1995), CRM begins to approximate the repeated exposure
to stress that occurs in situations that can result in PTSD including extended tours of duty in
a combat zone, physically or sexually abusive relationships, or living through a disaster
(Kaysen et al., 2003; Miller et al., 2007). This is a model of chronic exposure to stress rather
than the single traumatic event thought by some to be necessary for a diagnosis PTSD
(Friedman et al., 2011).

We have shown elsewhere that unpaired presentations of a weak US (0.25 mA) and a tone
CS are capable of extinguishing both CRs and CRM (Schreurs et al., 2011c). In a clinical
setting this means presentations of stressful but not traumatic stimuli could be used to reduce
hyperarousal experienced by patients with PTSD as well as reactions to the sights and
sounds associated with trauma (Schreurs et al., 2011c). For example, there are virtual reality
programs that could incorporate strong trauma-associated stimuli into a virtual environment
(McLay et al., 2012; Reger et al., 2011) that could include mild electrical shocks to the skin
as part of a treatment protocol. The present results suggest by monitoring reactions to a
traumatic situation, virtual reality treatments could be instituted immediately after trauma
for individuals who show aberrant reaction times to treat them for the disorder (Searcy et al.,
2012; Zohar et al., 2012). The results also suggest screening for reaction times in a virtual
reality environment that mimics a potentially traumatic environment like a war zone or
disaster site before people are exposed to those situations could help select for those
susceptible to PTSD (Rizzo et al., 2012).
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Figure 1.
The six panels depict conditioned response (CR) frequency (Percent CRs), onset latency
(ms), criterion latency (ms), peak latency (ms), amplitude (mm) and area (arbitrary units)
across six sessions of conditioned stimulus-unconditioned stimulus pairings. The inset for
each panel shows the frequency distribution for the conditioned response measure during the
sixth session of conditioned stimulus-unconditioned stimulus pairings. The conditioned
stimulus was a 400-ms, 1-kHz, 82-dB tone paired with a 100-ms, 2.0-mA periorbital
electrodermal unconditioned stimulus (300-ms inter-stimulus interval).
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Figure 2.
Response topographies to five unconditioned stimulus (US) intensities on Pretest and Post
Test by two subjects trained and tested at the same time. Responses are for the first 20 US
presentations and averaged across four US durations. The top rabbit (Susceptible) shows
substantial increases in response amplitude and area particularly at intermediate US
intensities (0.25 and 0.5 mA) following conditioned stimulus-unconditioned stimulus
pairings (Post Test) and the bottom rabbit (Resilient) shows very little change in responding
from Pretest to Post Test. Both rabbits had high levels of conditioned response (CR)
acquisition (100% vs. 98.7% CRs).
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Figure 3.
The frequency distribution of rabbits for the percent change from Pretest to Post Test for
unconditioned response frequency, magnitude (of amplitude, mm) and magnitude of
response area (arbitrary units) collapsed across unconditioned stimulus intensities.
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Figure 4.
Scatter plots of correlation data in Table 1 with a line of best linear fit for conditioned
response area and conditioned response onset latency (ms) at a single unconditioned
stimulus intensity (0.25 mA) versus percent change in unconditioned response frequency,
magnitude, and magnitude of the area that occurred on the sixth session of conditioned
stimulus-unconditioned stimulus pairings (Day 6).
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Figure 5.
Scatter plots of correlation data in Table 2 with a line of best linear fit for unconditioned
response onset and peak latency (ms) for the 41 rabbits that responded to an unconditioned
stimulus intensity of 0.25 mA at Pretest versus percent change in unconditioned response
frequency, magnitude, and magnitude of the area at 0.5 mA. * p < .05, ** p < .01.
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