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Abstract

Hear rate conditioning is used as an index of conditioned fear and is important for understanding
disorders of anxiety and stress including post traumatic stress disorder (PTSD). One important
feature of PTSD is that patients generalize conditioned fear from danger signals to safety signals
especially when the two signals have overlapping features. What has not been determined is
whether generalization occurs between unconditioned stimuli with overlapping features. In the
current experiment, heart rate conditioning and conditioning-specific reflex modification of rabbit
heart rate were examined as a function of two different unconditioned stimulus locations. Heart
rate conditioning occurred at identical terminal levels whether electrical stimulation was presented
near the eye or on the back. Despite different heart rate response topographies to electrical
stimulation at the two locations, conditioning-specific reflex modification was detected near the
eye and on the back and appeared to generalize between the locations. Interestingly, only
conditioning-specific reflex modification detected on the back persisted for a week after heart rate
conditioning. This persistence may be a model for some features of post traumatic stress disorder.
Over-generalization of unconditioned responses to unconditioned stimuli similar to the trauma
may also be an important aspect of PTSD modeled here.
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The study of fear conditioning is important to understanding disorders of anxiety and stress
and, in particular, post traumatic stress disorder (Blechert, Michael, Vriends, Margraf, &
Wilhelm, 2007; Hofmann, 2008; McNally, 2007; Milad et al., 2009; Norrholm et al., 2011,
Siegmund & Wotjak, 2007). One common characteristic of post traumatic stress disorder
(PTSD) is the generalization of fear to stimuli and situations beyond those associated with
the original traumatic event. This is especially true of stimuli that have overlapping features
with the conditioned stimulus (CS) (Lissek et al., 2008). Another aspect of PTSD is stress-
induced heightening of physiological responses, such as heart rate (Brunijnzeel, Stam,
Croiset, & Wiegant, 2001; Elsesser, Sartory, & Tackenberg, 2004; Orr, Metzger, & Pitman,
2002). To our knowledge, the extent to which generalization of these heightened
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unconditioned responses (URs) occurs to unconditioned stimuli (US) that have overlapping
features with the original traumatic event has not been explicitly tested.

Heart rate (HR) conditioning is used as an index of conditioned fear in many species
including humans (Cohen & Pitts, 1968; Fitzgerald & Martin, 1971; Gantt, 1960; Graham,
1978; Schneiderman, Smith, Smith, & Gormezano, 1966; Scobie, 1973; Stebbins & Smith,
Jr., 1964; Stiedl, Tovote, Ogren, & Meyer, 2004) and also has been used to assess
abnormalities of fear conditioning in patients with PTSD (Burriss, Ayers, & Powell, 2007).
Work in our laboratory with rabbits has shown that HR conditioning can be a useful
paradigm to assess conditioning-related changes in HR to both cues associated with a fear
event and parametric variations of the fear event itself (Burhans, Smith-Bell, & Schreurs,
2008; Burhans, Smith-Bell, & Schreurs, 2010; Schreurs, Crum, Wang, & Smith-Bell, 2005).
Heart rate classical conditioning occurs when rabbits that receive CS-US pairings of a tone
with electrical stimulation (ES) show a conditioned deceleration in HR (bradycardia) to the
tone relative to rabbits that receive explicitly unpaired CS and US presentations
(Ghelarducci & Sebastiani, 1997; McEchron, Tseng, & Disterhoft, 2003; Powell & Levine-
Bryce, 1988; Schneiderman et al., 1966; Supple, Jr. & Kapp, 1993). As a result of HR
conditioning, the rabbit also changes the way it responds to ES when the ES is presented by
itself (Burhans et al., 2008; Burhans et al., 2010; Schreurs et al., 2007; Schreurs et al., 2005).
Specifically, the acceleration (tachycardia) elicited by ES before HR conditioning changes
to bradycardia after HR conditioning — an associative phenomenon we have termed
conditioning-specific reflex modification (CRM). A related phenomenon occurs in the rabbit
nictitating membrane response (NMR) where the UR becomes larger with peak amplitudes
that occur later as a result of NMR conditioning (Buck, Seager, & Schreurs, 2001; Burhans
et al., 2008; Gruart & Yeo, 1995; Schreurs, 2003; Schreurs et al., 2005; Schreurs, Oh,
Hirashima, & Alkon, 1995; Schreurs, Shi, Pineda, & Buck, 2000; Wikgren, Ruusuvirta, &
Korhonen, 2002). We have previously argued that the study of CRM of HR and NMR may
be a useful model of some of the reflexive, physiological features of PTSD (Burhans et al.,
2008).

In the present study, we sought to further explore the nature of HR CRM to see if it would
generalize across USs with overlapping features. With the exception of a few studies using
ES to the ear (Sebastiani, La Noce, Paton, & Ghelarducci, 1992; Supple, Jr. & Kapp, 1993)
or direct stimulation of the brain (Swadlow & Schneiderman, 1970; VanDercar, Elster, &
Schneiderman, 1970), rabbit HR conditioning has employed ES near the eye as the US
(Gallagher, Kapp, Frysinger, & Rapp, 1980; Kapp, Frysinger, Gallagher, & Haselton, 1979;
Kazis, Milligan, & Powell, 1973; Kehoe, Palmer, Weidemann, & Macrae, 2000; Kim &
Jung, 2006; Lavond, McCormick, & Thompson, 1984; McEchron, McCabe, Green, Llabre,
& Schneiderman, 1991; Powell & Kazis, 1976; Schneiderman et al., 1966; Schreurs et al.,
2005).

In the current experiment we compared HR changes resulting from ES near the eye to that
resulting from stimulation on the back. Stimulation of the back was chosen because it is so
different from the eye not just because of different sensory innervations but also because it
elicits a different physiological response (see below). The purpose of the experiment was to
see whether HR conditioning and conditioning specific reflex modification (CRM) of HR
could occur with stimulation to the back, compare it to HR conditioning and CRM near the
eye and see if CRM generalized between the two locations.
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The subjects were 35 male, New Zealand White rabbits (Oryctolagus cuniculus) weighing
approximately 2.0-2.2 kg upon delivery from the supplier (Harlan, Indianapolis, IN). The
rabbits were housed in individual cages on a 12 hour light-dark cycle and given ad libitum
access to food and water. They were maintained and treated in accordance with guidelines
issued by the National Institutes of Health, and the research was approved by the West
Virginia University Animal Care and Use Committee.

The HR conditioning apparatus has been detailed elsewhere (Schreurs et al., 2005; Schreurs
& Smith-Bell, 2005) and was modified from that developed and described by Schneiderman
and Gormezano (Schneiderman et al., 1966). Briefly, rabbits were restrained in a Plexiglas
box placed inside a sound-attenuating, ventilated chamber (Coulborn Instruments,
Allentown, PA; Model E10-20). Inside the chambers, a stimulus panel containing a speaker
and houselight (10-W, 120 V) was mounted at a 45° angle 15 cm anterior and dorsal to the
rabbit’s head. An exhaust fan created a constant ambient noise level of 65 dB inside the
chamber. Electrical stimulation served as a US, and was delivered by a programmable two-
pole stimulator (Colbourn Instruments, Whitehall, PA, Model E13-35) via stainless steel
Autoclip wound clips (Stoelting, Wood Dale, IL) that were positioned 10 mm ventral and 10
mm posterior to the dorsal canthus of the right eye (Eye) or 10 mm on either side of the
midline at a point on the back between the shoulders (Back).

For heart rate recording, three wound clips were placed in shaved skin, two on either side of
the breast bone (20 mm lateral of the apex) and one on the right shoulder. For each rabbit,
the three clips were coupled to an individual custom amplifier providing a 10,000-fold
amplification of the ECG signal which was then routed to an analog-to-digital converter (1-
ms sampling rate) and stored on a trial-by-trial basis for subsequent inspection and analysis.
A custom circuit isolated the US from the ECG amplifier during US presentations to prevent
high-voltage artifacts and subsequent electronic ringing from saturating the system. The
custom circuit was crucial for resolving components of the ECG waveform during trials
where the US was presented, allowing detection of all heartbeats with the exception of those
during or immediately following the US. Stimulus delivery, data collection, and analysis
were all accomplished using the LabVIEW software system (National Instruments, Austin,
TX).

One week after arrival, rabbits were assigned to one of four groups and received one session
per day beginning with adaptation, US pretest (Pretest), two sessions of HR conditioning,
and then US post test (Post Test 1). A second session of US testing occurred a week later
(Post Test 2). Group assignment comprised a 2x2 factorial design that was based on the
location of ES during US testing (Test Eye or Test Back) and HR conditioning (Train Eye or
Train Back). Thus, rabbits were assigned to groups that received pretesting, conditioning
and post testing with ES near the eye (n=8), to the back (n=9), testing with ES near the eye
and conditioning with ES to the back (n=9) or testing with ES to the back and conditioning
with ES near the eye (n=9). The group with ES to the eye during training and testing served
as our standard HR conditioning and HR CRM group (Burhans et al., 2008; Burhans et al.,
2010; Schreurs et al., 2005), and the group with ES to the back during training and testing
tested whether HR conditioning and HR CRM could be detected when ES was applied to the
back. Groups trained in one location (eye or back) and tested in the other location (back or
eye) determined whether HR CRM could generalize between locations.
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For adaptation, subjects were prepared for ES delivery and EKG recording and then adapted
to the training chambers for an amount of time equivalent to subsequent training sessions
(80 min). For pretest and post tests, subjects received 80 trials of US presentations with an
average inter-trial interval (1T1) of 60 s (range 50-70 s). Each US presentation was one of 20
combinations of ES intensity (0.1, 0.25, 0.5, 1.0, or 2.0 mA) and duration (10, 25, 50, or 100
ms), and these 20 unique USs were presented in four separately randomized sequences with
the restriction that the same intensity or duration could not occur more than 3 times in
succession during the session. For HR conditioning, paired trials consisted of presentations
of a 1000 ms, 1 kHz, 82 dB tone conditioned stimulus (CS) followed by a 100 ms, 2 mA ES
US (1000 ms interstimulus interval, 0 trace) that were interspersed with CS-alone test trials
following every 9th paired trial. For the first session of HR conditioning, 20 CS-alone trials
were presented in order to habituate the bradycardic orienting response that occurs to a
novel tone. The remaining 60 trials of the first session and all 80 trials of the second session
were paired trials interspersed with CS-alone trials, yielding a total of 54 and 72 paired CS-
US presentations on the first and second days of conditioning, respectively. Average ITIs for
HR conditioning sessions and all other sessions were the same as US testing, 60 s (range 50—
705s).

Heart Rate Data Collection and Analysis

For all sessions, the ECG signal was recorded for 6 seconds per trial. For all trials,
heartbeats were recorded starting with a 2000-ms baseline prior to stimulus onset. Stimulus
onset occurred 2,200 ms after trial onset providing a total post-stimulus observation interval
of 3,800 ms. Details for detection of heartbeats and components of the ECG signal have
been described in detail elsewhere (Burhans et al., 2010; Schreurs et al., 2007; Schreurs et
al., 2005). Briefly, heartbeats were detected in the filtered ECG signal with a template-
matching algorithm created in LabVIEW software. Visual inspection of the data corrected
any false positives or negatives as a result of artifacts such as those related to movement.
Data were expressed as a change in IBI (inverse of heart rate) to the CS or US from the pre-
stimulus baseline and was used because it is consistent with our previously published studies
and with much of the rabbit HR conditioning literature (Burhans et al., 2010; McEchron et
al., 2003; Powell, Churchwell, & Burriss, 2005; Schreurs et al., 2007; Schreurs et al., 2005;
Schreurs & Smith-Bell, 2005; Supple, Jr., Sebastiani, & Kapp, 1993).

In addition to changes in IBI, average topographies of the IBIs during US testing and HR
conditioning were generated and used as a guide to determine the nature of changes in the
IBI as a function of time and the appropriate post-stimulus window for analysis of CRM to
the two different USs and CRs to the CS. The IBI topographies were averaged across all
subjects but the duration was limited to a period that contained complete 1BIs for all subjects
in the group. Thus, although the observation interval extended for 3,800 ms after stimulus
onset, not all subjects had a heart beat that coincided with the beginning or end of the
interval so that average topographies normally could not be plotted for the entire interval.
Nevertheless, the direction of changes in the IBI (HR acceleration or deceleration) towards
the beginning and end of the observation interval was clearly discernable in all average
topographies. Figure 1 shows that presentation of a 2.0-mA ES to the back (Test Back) on
Pretest, although the same early in the observation interval, produced a different terminal
HR topography from ES delivered near the eye (Test Eye). Stimulation near the eye
produced a decrease in IBI (HR acceleration) that reached a plateau later in the observation
interval whereas stimulation to the back produced a triphasic topographic profile of initial
HR acceleration followed by substantial deceleration later in the observation interval.
Previous research with ES near the eye has shown that the conditioning-specific changes
that characterize HR CRM are associative and most pronounced immediately after US onset
(Burhans et al., 2010; Schreurs et al., 2005). Within the first 1000 ms, the initial HR
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tachycardic response to ES near the eye seen before conditioning becomes bradycardic and
then returns to the tachycardic plateau (Burhans et al., 2010). Given the rather different
triphasic response topographies resulting from ES to the back, we wanted to capture
potential conditioning-induced changes by analyzing changes in IBI during the first and last
1000 ms of the 3,800-ms interval following ES onset separately during US testing.

HR conditioning

HR CRM

Figure 2 shows the mean change in IBI from baseline to the tone on CS-alone probe trials
for Habituation and the two days of HR conditioning combined for all rabbits trained with
ES near the eye (Train Eye) compared to all rabbits trained with ES to the back (Train
Back). The data are averaged across CS-alone probe trials for each time point. The figure
illustrates clearly that relative to the average change in IBI during Habituation, rabbits
showed conditioned bradycardia to the tone to almost equal levels by Day 2 of HR
conditioning regardless of where the US occurred. Analysis of variance confirmed a
significant effect of sessions, (F(2, 66) = 6.00, p <.01), but no effects of US location or
interaction of sessions with location (F’s < 1) despite the suggestion of stronger initial HR
conditioning with ES to the back.

Figure 3 shows the topography of changes in IBI to the tone CS on Day 2 of HR
conditioning averaged for all rabbits trained with ES near the eye (Train Eye) or on the back
(Train Back). The figure shows a strong biphasic, inverted “U”-shaped bradycardic response
to the tone characterized by an initial increase in IBI followed by a decrease we have
described previously (Burhans et al., 2010). The similarity of the two topographies provides
further support for the observation that stimulation to the eye or the back can support HR
conditioning and additionally illustrates that the conditioned HR CRs share a similar shape
and timing profile. This strong similarity between HR conditioning levels and response
topographies suggests that HR conditioning with ES to the back, like HR conditioning with
ES near the eye, is associative in nature (Burhans et al., 2008; Schreurs et al., 2005).

The top and bottom panels of Figure 4 show the averaged topography of changes in IBI to a
2-mA ES tested near the eye (Test Eye) and on the back (Test Back) for Post Test 1 and Post
Test 2, respectively, averaged across the training ES location. The figure shows that during
Post Test 1 administered the day after HR conditioning, responding to ES changed
significantly from that shown in Figure 1. Responding to ES tested near the eye showed an
initial bradycardia as a result of HR conditioning — something we have come to expect from
HR CRM (Burhans et al., 2008; Burhans et al., 2010; Schreurs et al., 2007; Schreurs et al.,
2005). Surprisingly, responding to ES tested on the back showed a reduction in the
bradycardia seen on Pretest (Figure 1) as a result of HR conditioning but not until late in the
observation interval. The bottom panel shows that during Post Test 2 administered a week
later, the initial bradycardia to ES tested near the eye had completely disappeared and, if
anything, become even more tachycardic. In contrast, the late reduction in bradycardia to ES
tested on the back was still somewhat in evidence a week after HR conditioning. These data
are summarized for all ES test intensities in Figure 5.

The four panels of Figure 5 show mean and SEM of changes in IBI from baseline during US
tests (Pretest, Post Test 1, Post Test 2) as a function of whether testing took place near the
eye (top) or on the back (bottom) during the first 2000 ms (left) or last 1000 ms (right) of the
observation interval after US onset. Given the equivalent terminal levels of HR conditioning
shown in Figure 1 and described above, the US test data were collapsed across the location
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of the US used during HR conditioning. The left panels of Figure 5 show an increase in 1BI
from Pretest to Post Test 1 characteristic of HR CRM occurred following ES testing near the
eye but not after ES testing on the back. Specifically, changes in IBI from baseline on Post
Test 1 increased above Pretest levels (bradycardia) during the first 2000 ms as a result of
testing near the eye (top panel) but not on the back (bottom panel). Analysis confirmed this
observation with a significant interaction of US location (Eye vs. Back) and US test (Pretest
vs. Post Test 1), F(1, 31) = 4.81, p < .05). The analysis also yielded a significant interaction
of US location and US intensity, F(4,124) = 3.06, p <.05), reflecting the higher overall mean
changes in IBI to ES tested near the eye than on the back and a significant interaction of US
test and US intensity, F(4,124) = 2.62, p <.05), reflecting the increase in mean change in IBI
from Pretest to Post Test 1 at the higher US testing intensities. Finally, there were no
significant differences in the mean change in IBI when the US was tested near the eye or on
the back a week later (Pretest vs. Post Test 2) suggesting that HR CRM had extinguished. In
sum, the left panels of Figure 5 show that during the first 2000 ms after US onset, HR CRM
occurred when tested near the eye but not when tested on the back and that HR CRM tested
near the eye did not persist when tested a week later. This is consistent with a previous
experiment in which rabbits that sat in their home cage for three days after HR conditioning
showed diminished HR CRM (Burhans et al., 2010).

The right panels of Figure 5, particularly the bottom right, show a different form of HRM
CRM that occurred late in the observation interval when the significant level of bradycardia
seen on Pretest (Figure 1) was reduced as a function of HR conditioning. This effect occurs
when ES is tested on the back but not when tested near the eye and appears to persist for a
week after HR conditioning. Analysis of variance yielded main effects of US location,
F(1,31) = 10.19, p < .005, US test, F(2,62) = 3.33, p < .05, US intensity, F(4,124) = 11.49, p
<.001, and interactions of US location and US intensity, F(4, 124) = 7.83, p <.001, and US
test and US intensity, F(8, 248) = 3.47, p- < .001, confirming the differences in the nature of
responding to the US depending on its test location. A separate analysis of mean change in
IBI to US testing on the back depicted in the bottom right panel of Figure 5 revealed a
significant effect of US test, F(2,34) = 4.29, p < .05, and an interaction of US test and US
intensity, F(4,136) = 2.85, p < .01, confirming the persistent reduction in bradycardia after
HR conditioning that occurred at the higher US intensities when the US was tested on the
back. Taken together, the data depicted in the right panels of Figure 5 show that during the
last 1000 ms of the observation interval, HR CRM occurred when tested on the back but not
when tested near the eye and that HR CRM that occurred when tested on the back persisted
for a week. More importantly, the HR CRM that occurred on the back late in the observation
interval was a reduction in or an elimination of a late stage bradycardia rather than the
previously observed increase in bradycardia that characterizes HR CRM near the eye early
in the observation interval (Burhans et al., 2010; Schreurs et al., 2007; Schreurs et al., 2005).
This reduction in bradycardia late in the interval is consistent with the reduction in
bradycardia seen late in the observation interval on the second day of HR conditioning
shown in Figure 3.

Finally, to determine whether CRM generalized between locations, we analyzed the changes
in IBI that resulted from US testing and training in the same location compared to US testing
and training in a different location (i.e., test and train near the eye or test and train on the
back versus test near the eye and train on the back or test on the back and train near the eye).
As noted above, the direction of HR CRM is different depending on where and when CRM
is measured with an increase in 1Bl when measured early near the eye and a decrease in IBI
when measured late on the back. To compensate for what would otherwise have been a
canceling out of the increase and decrease in 1Bl when comparing HR CRM across different
locations, we calculated the absolute value of the difference in IBI from Pretest to Post Test
1 and Post Test 2 measured near the eye during the first 1000-ms and on the back during the
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last 1000-ms of the observation interval. The results are shown in the two panels of Figure 6
where the absolute mean change in IBI from Pretest is depicted for Post Test 1 (top) and
Post Test 2 (bottom) for the same testing and training location (Same) and for different
testing and training locations (Different) as a function of US intensity. The top panel of
Figure 6 shows that there were comparable levels of HR CRM (expressed as absolute values
above zero) regardless of whether testing and training took place at the same location or a
different location. The bottom panel of the figure suggests that a week following HR
conditioning, HR CRM was more persistent when testing and training took place at the same
location than at different locations.

Analysis of the Post Test 1 minus Pretest absolute value data yielded a significant effect of
US intensity (F(4, 132) = 3.62, p < .01) but no effect of ES location (F’s < 1). The
significant effect of intensity provides evidence that changes in IBI were significantly above
zero providing an index of HR CRM that increased as a function of US intensity. The lack
of a significant effect of location simply means that there were equivalent amounts of CRM
regardless of where ES was presented. Analysis of the Post Test 2 minus Pretest absolute
value data also yielded a significant effect of US intensity (F(4, 132) = 5.38, p <.001) and
although suggestive, there was no overall effect of ES location (F(1,33) = 3.19, p =.08).
There was a significant difference between same and different testing and training locations
at 0.5 mA (F(1, 33) = 5.69, p <.05). Taken together, the tests comparing locations revealed
that similar levels of HR CRM occurred whether CRM was assessed in same location as
training or at a different location. There is a suggestion that CRM is less persistent a week
later if the testing and training locations are different. Although this measure of
generalization is based on comparable levels of CRM, it provides indirect support for the
suggestion that CRM can generalize from one location to another because significant HR
CRM occurred with stimulation near the eye and on the back, albeit at different time points
after the US, regardless of where the ES was administered during HR conditioning (Figures
2 and 3).

Discussion

The principal findings of the present experiment were: (1) ES to the back elicited a different
HR response from ES near the eye; (2) ES to the back supported HR conditioning that was
comparable to HR conditioning supported by ES near the eye; (3) conditioning-specific
modification of HR could be measured when tested on the back as well as when tested near
the eye but consisted of a different response — a reduction in bradycardia rather than the
previously observed increase in bradycardia; (4) Regardless of which ES location was used
to induce HR conditioning, HR CRM could be detected when tested on the back for a week
after HR conditioning whereas HR CRM could no longer be detected when tested near the
eye; (5) HR CRM generalized to different locations because there was as much HR CRM
when tested at locations different from the training location as there was when tested at the
same location.

Consistent with previous reports, the current data show that HR CRM occurs following HR
conditioning (Burhans et al., 2010; Schreurs et al., 2007; Schreurs et al., 2005) and extend
those findings to a new location and a different form of the response. The HR CRM we have
reported previously consisted of an increase in bradycardia or even a change from
tachycardia to bradycardia early in the response when HR was measured with ES near the
eye (Burhans et al., 2010; Schreurs et al., 2007; Schreurs et al., 2005). In the present
experiment, we again observed this increase in bradycardia to ES near the eye. When HR
was measured with ES to the back, we observed a significant decrease in a late-phase
bradycardia. Both forms of HR CRM occurred regardless of whether HR conditioning was
obtained with ES near the eye or to the back.
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We have suggested previously that CRM may be a generalized conditioned response
(Burhans et al., 2008; Burhans et al., 2010; Schreurs et al., 2005). Data consistent with this
view come from NMR conditioning where a small, short latency, uniphasic response to ES
near the eye becomes a larger, broader and often multi-peaked response resembling an NMR
CR (Buck et al., 2001; Burhans et al., 2008; Gruart & Yeo, 1995; Schreurs, 2003; Schreurs,
Gonzales-Joekes, & Smith-Bell, 2006; Schreurs et al., 2000; Schreurs, Smith-Bell, Darwish,
Stankovic, & Sparks, 2007; Seager, Smith-Bell, & Schreurs, 2003). HR CRM is also
consistent with the generalized-CR interpretation because the initial HR increase to ES near
the eye becomes more like the decreased HR to the CS that results from HR conditioning
(Burhans et al., 2010; Schreurs et al., 2007; Schreurs et al., 2005). The same now appears to
be true for HR conditioning when HR is elicited by ES to the back during testing. We see
that a bradycardic unconditioned response becomes less bradycardic after HR conditioning.
This reduction in the unconditioned response mimics the HR conditioned response which
becomes less bradycardic late in the observation interval. Once again, this effect depends
upon the location of US during testing not on the location of the US during HR conditioning
because HR CRM detected on the back occurred following HR conditioning obtained with
ES to the back or near the eye. This result suggests that HR CRM can generalize from the
training location to a different testing location.

Although HR conditioning can take place within very few trials relative to conditioning of
skeletal responses such as NMR conditioning (Kehoe & Macrae, 1994; Lennartz &
Weinberger, 1992; Powell & Levine-Bryce, 1988; Schneiderman, 1972; Weidemann &
Kehoe, 2003), it also seems to be more ephemeral. HR conditioning may actually decrease
with repeated pairings (Powell & Levine-Bryce, 1988; Schneiderman, 1972) and weaken
with no further pairings (Burhans et al., 2010). Although previous data suggest that HR
CRM may be equally transient (Burhans et al., 2010), the current data suggest the resilience
of the effect may be a function of US location during testing. We found that HR CRM
detected near the eye was totally absent a week after conditioning but HR CRM detected on
the back persisted. This difference was indifferent to the US location used to obtain HR
conditioning.

We have shown previously that both HR and NMR CRM are unequivocally associative in
nature. In the present experiment, HR conditioning with shock to the back produced
identical terminal HR conditioning levels to those seen as a result of shock near the eye
suggesting HR conditioning was associative. Given the strong suggestion, based on
topography and unpaired controls, that HR CRM is at least in part a generalized HR CR
(Burhans et al., 2008), we believe HR CRM to the back is also associative. Finally, the
transfer of HR CRM from one location during training to the other location during testing
also suggests that HR CRM is associative.

Hear rate conditioning has been used not only to study autonomic conditioning but also as
an index of conditioned fear (Carrive, 2000; McEchron, Cheng, & Gilmartin, 2004; Nijsen
et al., 1998; Tovote et al., 2005; Winters, McCabe, & Schneiderman, 2002). The study of
fear and its conditioning are important to understanding disorders of anxiety and stress and
in particular post traumatic stress disorder (Blechert et al., 2007; Hofmann, 2008; McNally,
2007; Milad et al., 2009; Norrholm et al., 2011; Siegmund & Wotjak, 2007). Indeed, the
extinction of conditioned fear has become a focus for strategies to treat the growing
incidence of post traumatic stress (Milad et al., 2009; Norrholm et al., 2011; Rauch, Shin, &
Phelps, 2006; Yehuda & LeDoux, 2007). We have shown previously that HR conditioning
can be extinguished but that there are significant between-subject differences in the
extinction of HR CRM (Burhans et al., 2010). Persistence of CRM may be therefore be a
model for some features of PTSD such as individual differences in susceptibility (Burhans et
al., 2008). The present data suggest that the mode of assessment may be an important
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determinant of CRM persistence. The data also make the point that over-generalization of
URs to USs similar to the trauma may be an important aspect of PTSD and this effect can be
modeled by HR CRM.
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Figure 1.

Average topography for unconditioned responses to a 2.0-mA electrical stimulus delivered
to the back (Test Back) or near the eye (Test Eye) during the first 20 trials on Pretest. Data
are expressed as an average change in interbeat interval from a 2,000-ms baseline period
before stimulus onset. For these and all other topographies, data were averaged across all
subjects but the duration of each curve was limited to the period for which interbeat intervals
were available for all subjects in the group. Although the observation interval extended for
3,000 milliseconds after stimulus onset, not all subjects had a heart beat that coincided with
the beginning or end of the interval so that average topographies normally could not be
plotted for the entire interval. Nevertheless, the direction of changes in the interbeat interval
(e.g., heart rate acceleration or deceleration) across the observation interval was clearly
discernable in all topographies.
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Figure 2.

Mean and standard error of changes in interbeat interval from baseline to the tone on
conditioned stimulus-alone probe trials for Habituation and the two days of heart rate
conditioning (Day 1 and Day 2) for rabbits trained with electrical stimulation near the eye
(Train Eye) or electrical stimulation to the back (Train Back). The data are averaged across
all conditioned stimulus-alone probe trials for each time point.
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Figure 3.

Average topography of changes in interbeat interval from baseline to the tone conditioned
stimulus on Day 2 of heart rate conditioning for rabbits trained with electrical stimulus near
the eye (Train Eye) or electrical stimulation to the back (Train Back).
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Figure 4.

Two panels show the averaged topography of changes in interbeat interval from baseline to
a 2-mA electrical stimulus tested near the eye (Test Eye) or on the back (Test Back) during
unconditioned stimulus testing over the first 20 trials for Post Test 1 (top panel) and Post
Test 2 (bottom panel).
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Figure 5.

Four panels show mean and standard error of changes in interbeat interval from baseline
during unconditioned stimulus testing (Pretest, Post Test 1, Post Test 2) as a function of
whether testing took place near the eye (Test Eye, top panels) or on the back (Test Back,
bottom panels) during the first 1000 ms (left panels) or last 1000 ms (right panels) of the
observation interval after unconditioned stimulus onset. Given the equivalent terminal levels
of HR conditioning shown in Figure 1, the US test data were collapsed across the location of
the US used during HR conditioning.

Behav Neurosci. Author manuscript; available in PMC 2012 August 1.



1dussnuein Joyny vd-HIN 1duosnueln Joyny vd-HIN

1duosnuey JoyIny vd-HIN

Schreurs et al.

N
(o2}

Page 18

m _
£
= [ same Post Test1
e Il Different \
=
® 12+
[0}
2
L
=
£
g 8f
[ =
©
F—
o
c
3
s 4t
L
=]
2
Qo
<
0
0.1 mA 0.25 mA 0.5 mA 1.0 mA 2.0mA
716 Post Test2
= [ ]same
< Il Different )
E |
® 12+
g \
£
i)
=
£
©
F =
o
c
3
2 4t
L
p=}
]
1723
Qo
<
0
0.1 mA 0.25 mA 0.5mA 1.0 mA 2.0mA
US Intensity

Figure 6.

Two panels show mean and standard error of absolute value of changes in interbeat interval
from Pretest during unconditioned stimulus testing as a function of whether training took
place at the same location as during unconditioned stimulus testing (Same) or at a different
location as during unconditioned stimulus testing (Different) during the first 2000 ms of the
observation interval after unconditioned stimulus onset for testing near the eye or last 1000
ms of the observation interval for testing on the back of the observation interval on Post Test
1 the day after heart rate conditioning (top) and on Post Test 2 a week later (bottom).
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