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Abstract

Single nucleotide polymorphisms (SNP) in the genes for pituitary adenylyl cyclase-activating
peptide (PACAP) and the PAC1 receptor have been associated with stress-related psychiatric
disorders. Although from recent work we have argued that stress-induced PACAP expression in
the bed nucleus of the stria terminalis (BNST) may mediate stress-related psychopathology, it is
unclear whether stress-induced increases in BNST PACAP expression require acute or repeated
stressor exposure, and whether increased BNST PACAP expression is related to stress-induced
increases in circulating glucocorticoids. In the current work, we have used quantitative real-time
polymerase chain reaction (QPCR) to assess transcript expression in brain punches from rats after
stressor exposure paradigms or corticosterone injection. BNST PACAP and PACL receptor
transcript expression was increased only after 7 days of repeated stressor exposure; no changes in
transcript levels were observed 2 or 24 hours after a single restraint session. Moreover, repeated
corticosterone treatment for 7 days was not sufficient to reliably increase BNST PACAP transcript
levels, suggesting that stress-induced elevations in corticosterone may not be the primary drivers
of BNST PACAP expression. These results may help clarify the mechanisms and temporal
processes that underlie BNST PACAP induction for intervention in stress-related anxiety
disorders.
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Introduction

The bed nucleus of the stria terminalis (BNST) integrates and coordinates the many
physiological and behavioral responses to stress. These include heightened anxiety-like
behavior, and activation of the hypothalamic-pituitary-adrenal (HPA) axis and sympathetic
autonomic nervous system (Herman et al. 1996; Walker et al. 2003; Herman et al. 2005;
Waddell et al. 2006; Choi et al. 2007; Ulrich-Lai and Herman 2009; Radley and Sawchenko
2011). Importantly, BNST function is augmented following repeated stressor or
glucocorticoid exposure (for review, see Hammack et al. 2010). For example, repeated
stressor or glucocorticoid treatment paradigms in rodents result in increased BNST volume
and dendritic arborization in parallel with increased anxiety-like behavior (Vyas et al. 2003;
Pego et al. 2008; Dinzi et al. 2011). Moreover, increased BNST corticotropin-releasing
hormone (CRH) mRNA and anxiety-like behavior have been observed following repeated
systemic or intra-amygdala corticosterone administration (Makino et al. 1994; Shepard et al.
2006). Hence, stress-induced changes in BNST morphology and neurochemistry may
mediate HPA axis dysregulation and pathological anxiety-like behaviors associated with
many stress-related psychopathologies.

Pituitary adenylate cyclase-activating peptide (PACAP) and its cognate G protein coupled
PAC1 receptor are highly expressed in areas that modulate responses to stress, including the
BNST (Arimura et al. 1991; Nomura et al. 1996; Shioda et al. 1997; for review see: Vaudry
et al. 2009). Consistent with a role in stress responding, PACAP or PAC1 receptor null mice
have altered corticosterone circadian rhythm, diminished HPA activation after prolonged
stressor exposure (Hashimoto et al. 2009; Stroth and Eiden, 2010; Hattori et al. 2012),
reduced anxiety-like behavior and fear, (Hashimoto et al. 2001; Otto et al. 2001; Girard et al.
2006), and impaired contextual fear conditioning (Otto et al. 2001). Intra-BNST PACAP
infusion increases both anxiety-like behavior (Hammack et al. 2009) and anorexia in rats
(Kocho-Schellenberg et al. 2014).

In recent studies, expression of PACAP and PAC1 receptor transcript were found to be
increased in the BNST following repeated stress, and these changes may underlie the
behavioral consequences of stressor exposure (Hammack et al. 2009; Hammack et al. 2010).
In humans, circulating PACAP levels and a PACL receptor gene (ADCYAP1R1) single
nucleotide polymorphism (SNP) were associated with post-traumatic stress disorder (PTSD)
symptoms and diagnosis in women. Additionally, PAC1 receptor gene methylation status
correlated with PTSD independent of gender, and PAC1 receptor expression and the PAC1
gene SNP were associated with fear conditioning and discrimination, as well as anxiety
measures (Ressler et al. 2011). Hence, these studies suggest that changes in PACAP
signaling may mediate stress-induced behaviors related to fear and anxiety.

Despite the involvement of PACAP in modulating function in stress responsive brain
regions, the mechanisms underlying stress-induced PACAP expression are still not
understood. The experiments reported here examine BNST PACAP and PAC1 receptor
mRNA levels following a single or repeated stress paradigm, or treatment with the
glucocorticoid corticosterone.
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Materials and Methods

Subjects

Adult male Sprague-Dawley rats (250 — 275 g) were obtained from Charles River
Laboratories (Canada). After delivery, rats were allowed to habituate in their home cages for
at least one week before experimentation. Rats were single-housed and maintained on a 12-h
light/dark cycle (lights on at 07:00 h). Food and water were available ad libitum. All
procedures were approved by the Institutional Animal Care and Use Committee at the
University of Vermont.

Experiment 1—The first experiment was conducted to determine if transcript expression
changes that occur following repeated variate stress could also be observed 2 h (acute) or 24
h (single) after one stressor exposure. Rats were pseudo-randomly assigned to one of 4
groups: (1) a control group that did not receive any stressor exposure; (2) a repeated variate
stress paradigm group (described below); (3) an acute stress group (stress and assessment 2
h later); and (4) a single stress group (stress and assessment 24 h later). There were no
weight differences among the groups prior to experimental start. Repeatedly stressed rats
were exposed to a 7 day variate stress paradigm in which a single stressor was presented on
each day. These included: oscillation stress, in which rats were placed inside a plastic
chamber 28 x 17 x 13 cm (L x W x H) secured to a clinical rotator (Fisher Scientific, Morris
Plains, NJ) for low/medium speed oscillation for 30 min.; forced swim, in which rats were
placed in a cylindrical container 29 x 37 cm (D x H) filled with room temperature water to a
depth that prevented the tail from touching the bottom for 5 min of monitored swimming;
footshock, in which rats inside a Plexiglas conditioning chamber (Med Associates, St.
Albans, VT) 30 x 25 x35 cm (L x W x H) received two 1.0 mA 5 sec scrambled footshocks
with 1 min inter-trial interval; restraint stress, in which rats were placed in a cylindrical
restraining device 9 x 15 cm (D x H) for 60 min; and pedestal standing stress, in which rats
were placed on an elevated platform 20 x 20 cm (L x W) 60 cm from the floor for 30 min.
Two of the stressors were repeated during the paradigm, and all rats received restraint on the
7th day. Immediately prior to stressor exposure and until the day of euthanasia, food, water
and rat body weights were recorded daily for all groups. All stressors were delivered
between 9 and 11 AM; 2 h or 24 h (experiment dependent) following the termination of the
last stressor, rats were anesthetized with isoflurane and euthanized by decapitation. Control
and stressed rats were euthanized in a counterbalanced fashion. The brains were rapidly
removed, blocked using a rodent brain matrix (Ted Pella, Inc. Redding, CA) and the dorsal
and ventral aspects of the anterolateral BNST (dIBNST and vBNST, respectively) were
micropunched (Stoelting; Wood Dale, IL) for RNA extraction and quantitative PCR (qPCR)
assays as described below.

Experiment 2—Experiment 2 evaluated whether repeated corticosterone injection is
sufficient to increase PACAP and other stress-related gene transcripts in patterns similar to
those observed after repeated stressor exposure. Rats were matched into experimental
groups as described above. Rats in the treatment group received subcutaneous 2.5 mg/kg
corticosterone injections (Cort; Sigma-Aldrich, St. Louis, MO) for 6 consecutive days
between 9 and 11 AM; control groups received vehicle injections of the same volume during
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the same period. Corticosterone was prepared in phosphate buffered saline (40%) with 95%
ethanol (16%) and propylene glycol (44%). The 2.5 mg/kg corticosterone dose was shown
previously to provide peak blood corticosterone levels comparable to those 30 min after
acute stress exposure, which return to baseline levels by 4 h (Kalman and Spencer, 2002;
Barnum et al. 2008). Injection amount was calibrated on a daily basis from recorded body
weight. Twenty-four hours after the last injection, all animals were euthanized and
micropunched brain tissue was collected as described above. As BNST PACAP transcript
levels after repeated 2.5 mg/kg corticosterone injections appeared to be increased without
attaining significance (see Results), a separate experiment was performed in which the
treated group received 10 mg/kg corticosterone in the same paradigm.

Behavioral testing

We reported previously that the repeated variate stress paradigm produces anxiety-like
behavior as measured by acoustic startle responding in a light-enhanced startle task
(Hammack et al. 2009). To determine whether repeated variate stress and/or corticosterone
treatments produce anxiety-like behavior, the rats from the different experimental groups
were placed on an elevated-plus maze 24 h after the last treatment (stress or corticosterone).
The maze consisted of two opposing open and two opposing closed arms (60 cm long and 9
cm wide) and was elevated 74 cm from the floor. lllumination with a red bulb was at 6 lux.
Open arm time and total distance during 5 min trials were measured using EthoVision XT
version 6.1.326 (Noldus Information Technology, The Netherlands).

Corticosterone assay

Blood samples were collected for corticosterone measurements. Thirty min after
corticosterone injection on the 1st and last day of study, the animals were restrained in a
clear Plexiglas tube for blood sampling via tail clip. The entire collection procedure was less
than 3 min to avoid heightened corticosterone release associated with cage removal. The
blood samples were immediately centrifuged and plasma was stored at —20 C until assay.
The corticosterone enzyme-linked immunoassay (CORT EIA, Enzo Life Sciences,
Farmingdale, NY) demonstrated a sensitivity of 26.99 pg/ml and an inter-assay variance of
6.7%.

Quantitative PCR (qPCR)

QPCR was performed exactly as described previously (Girard et al. 2002; Girard et al. 2006;
Hammack et al. 2009) for PACAP, PAC1 receptor, mineralocorticoid receptor (MR) and
glucocorticoid receptor (GR) transcripts. Total RNA from micropunched brain tissue
samples were extracted using STAT-60 RNA/mMRNA isolation reagent (Tel-Test “B”,
Friendswood, TX); all RNA from same brain regions were reverse transcribed
simultaneously using random hexamer primers with the SuperScript 11 Preamplification
System (Invitrogen, Carlshad, CA) to obviate variability. Real-time quantitative PCR was
performed as described using SYBR Green | detection (Girard et al. 2002; Girard et al.
2006; Hammack et al. 2009). Briefly, cDNA templates were diluted 5-fold to minimize the
inhibitory effects of the reverse transcription reaction components and assayed on an ABI
Prism 7500 Fast Real -Time PCR System (Applied Biosystems, Foster City, CA) using
SYBR Green | JumpStartTM Tag ReadyMix (Sigma, St. Louis, MO) containing 3.5 mM
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MgCI2, 200 :M dATP, dGTP, dCTP and dTTP, 0.64 U Tag DNA polymerase and 300 nM
of each primer in a final 25 pl reaction volume. Oligonucleotide primer sequences were:
PACAP (S) 5-CATGTGTAGCGGAGCAAGGTT-3' (AS) 5
GTCTTGCAGCGGGTTTCC-3'"; PAC1 (S) 5'-AACGACCTGATGGGACTAAAC-3’ (AS)
5’-CGGAAGCGGCACAAGATGACC-3’; MR (S) 5’-CCACACATGCGAGCAACG-3’
(AS) 5’-TTAGGGAAAGGAACGTCGTG-3’; GR (S) 5°-
TCAGCAGCCACGGGACCAC-3’ (AS) 5’-CACTTGACGCCCACCTAACA-3’; 18S (S)
5-AGTCGCCGTGCCTACCAT-3’ (AS) 5’-GCCTGCTGCCTTCCTTG-3’. Following
amplification, the melting profiles for the amplicons were performed to verify unique
product generation. For data analyses, a standard curve was constructed by amplification of
serially diluted plasmids containing the target sequence (Girard et al. 2002; Girard et al.
2006). The increase in SYBR Green | fluorescence intensity (ARn) was plotted as a function
of cycle number and the threshold cycle (Ct) was determined by the software as the
amplification cycle at which the ARn first intersects the established baseline. The transcript
levels in each sample were calculated from the C+ by interpolation from the standard curve
to yield the relative changes in expression. Data were normalized to 18S RNA levels. Where
possible for each target sequence, all samples from the same brain region were amplified
together in the same assay to minimize variability.

Weight change for repeatedly treated rats was expressed as percent weight gain from
experiment start. Changes in mRNA transcript levels were calculated as fold-change from
the respective control treatment group. Statistical analysis was performed on SPSS version
20 (IBM Software, Armonk, NY) and graphical representations were created on GraphPad
Prism version 5.02 (GraphPad Software, San Diego, CA). One-way ANOVA and student’s
t-test were completed as appropriate for analyses of group differences. Outliers greater than
two standard deviations from the group mean were removed from further analyses. Data are
expressed as mean = SEM.

BNST PACAP/PAC1 receptor transcript levels after stressor exposure

Our previous quantitative PCR approaches demonstrated that repeated variate stress
increased PACAP and PACL1 receptor transcript expression specifically in the dIBNST
among different CNS regions (Hammack et al. 2009). Consistent with previous work, rats in
the repeated stress group gained less weight than non-stress control rats across the 7 day
experimental period, (t(8) = 4.449, p < 0.05; Figure 1A). When brain punches from the same
animals were examined for transcript levels, repeated variate stress increased dIBNST
PACAP transcript expression (t(9) = —2.947, p < 0.05) and PAC1 receptor transcript levels
(t(9) = -2.576, p < 0.05) compared to those in non-stressed control animals (Figure 1B, 1C).
There were no apparent differences between repeated stress and control rats on vBNST
PACAP transcripts (t(8) = -0.758, p = 0.47) or PACL1 receptor mRNA (t(8) =-1.977,p =
0.083; Figure 1B, 1C). These results were in good agreement with our previous observations
(Hammack et al. 2009).

J Mol Neurosci. Author manuscript; available in PMC 2015 November 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Lezak et al.

Page 6

As previous studies have demonstrated that indices of BNST neuroplasticity may be
sensitive to glucocorticoids, we examined GR and MR transcript level changes to determine
if there was any relationship between PACAP/PACL transcript expression and GR or MR
transcripts following stress. There were no differences between repeated-stress rats and
control rats in dIBNST GR transcript expression (t(9) = —1.763, p = 0.112) or MR mRNA
levels (t(9) = —1.084, p = 0.306); similarly, there was no different between groups for
vBNST MR transcripts (t(8) = -0.836, p = 0.427) although there was a trend towards
increased VBNST GR transcript expression after repeated stress (t(8) = —2.100, p = 0.069;
data not shown). Because vVBNST PACAP/PAC1 receptor transcript and dIBNST/VBNST
MR/GR transcript levels were not altered following repeated stress, these transcripts were
not assessed in subsequent experiments.

As other stress mediators including CRH or arginine vasopressin (AVP) can be regulated by
acute stressor exposure (Ma et al. 1997) we assessed whether BNST PACAP and PAC1
receptor transcripts demonstrated similar rapid regulatory dynamics. However, dIBNST
PACAP (t(10) = 1.17, p > 0.05) and PAC1 receptor (t(10) = 0.29, p = 0.778) transcript
levels were not different 2 h following a single acute stressor exposure compared to control
rats (acute stress, Figure 2A).

We considered that the changes in PACAP or PACL receptor transcripts may not be
immediately evident after acute stress but demonstrate a more protracted expression pattern.
Hence, a different cohort of rats received a single (1 h) restraint stress for evaluations 24 h
later. These rats did not demonstrate altered weight gain during the 24 h post-stress period
compared to non-stress control rats (t(13) = 1.112, p > 0.05; Figure 2B). There was also no
significant increase in dIBNST PACAP (t(15) = -0.351, p = 0.73) or PACL receptor
transcript expression (t(15) = -0.949, p = 0.358) 24 h after restraint stress as compared to
controls (Figure 2C). These BNST PACAP/PACL receptor results appeared consistent with
previous data demonstrating that acute stress had no apparent effects on hypothalamic
PACAP expression (Hannibal et al. 1995).

BNST transcript expression after exogenous corticosterone treatment

One possible mechanism underlying the increase in BNST PACAP and PAC1 receptor
expression following repeated stressor exposure may be regulation by stress-induced adrenal
corticosterone release. To examine the potential role of stress-induced glucocorticoid release
on dIBNST PACAP expression, rats were injected with a dose of corticosterone (2.5 mg/kg)
shown previously to elevate blood corticosterone levels comparable to those after a single
stressor exposure (Kalman and Spencer, 2002; Barnum et al. 2008). Notably, the injections
increased blood corticosterone levels more than 5-fold above baseline, comparable to the
levels found in high stress conditions. Hence, if the changes in BNST PACAP transcript
were secondary to stress-induced corticosterone release, the corticosterone injection dose
used in this study would have been sufficient to drive its expression.

The corticosterone injections produced a strong trend towards rat weight change compared
to vehicle treated controls (t(34) = 1.84; p = 0.07; Figure 3A). From these groups, there were
no apparent effects of corticosterone treatment on dIBNST PACAP transcript levels (t(31) =
-1.714, p > 0.05); however, there was a significant increase in dIBNST PACL transcript
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expression (t(17) = -3.072, p < 0.05; Figure 3B, 3C). To obviate the potential that the
corticosterone dose was insufficient to regulate PACAP expression, a separate group of
animals was injected with 10 mg/kg corticosterone using the same paradigm. Even under the
higher dosing conditions, dIBNST PACAP transcript levels were not different from those in
vehicle treated controls (t(14) = -0.902, p = 0.38; data not shown).

Anxiety-like behavior following repeated variate stress or corticosterone injection

Repeated variate stress significantly reduced open arm exploration on the elevated-plus
maze compared to non-stressed rats (t(7) = .2.719, p < 0.05; Figure 4A), consistent with our
previous report demonstrating that 7 day stress paradigm increases anxiety-like behavior
(Hammack et al. 2009). Interestingly, neither repeated injections with 2.5 mg/kg
corticosterone (t(14) = 0.1818, p = 0.86) nor 10 mg/kg corticosterone (t(14) = 0.2611, p =
0.80) altered elevated-plus maze open arm exploration (Figure 4B, 4C), suggesting that 7
days of repeated corticosterone injections alone was insufficient to mimic the effects of
repeated variate stress on anxiety-like behavior. Notably, these behavioral results paralleled
the effects of stress and corticosterone injection on BNST PACAP transcript levels; repeated
stress-induced dIBNST PACAP transcript expression correlated with heightened anxiety-
like behavior, whereas corticosterone injections had no apparent effects on either measure.

Discussion

Our current work examines some of the outstanding questions related to stress-induced
PACAP expression in the BNST. Our results demonstrate that repeated stressor exposure is
necessary for increased PACAP and PAC1 receptor transcript expression in the dIBNST,
that acute single stressor exposure alone appears insufficient to regulate BNST PACAP or
PAC1 receptor mMRNA expression regardless of temporal parameters, and that the regulation
of dIBNST PACAP mRNA does not appear to be secondary to elevated blood corticosterone
levels found in stress. Interestingly, unlike PACAP mRNA levels, repeated corticosterone
injections increased dIBNST PAC1 receptor transcripts suggesting that hormonal stress
mechanisms may regulate BNST PACAP signaling at the receptor level. These results
agreed and much extended our previous results (Hammack et al. 2009); further, these
observations may be significant in demonstrating that persistent stress challenges impact
dIBNST PACAP/PACL receptor expression and function that may be upstream and largely
distinct from classical HPA regulation.

The regulation of PACAP transcript expression by repeated than acute stress mechanisms
contrasts sharply with the regulation of other stress regulators including hypothalamic CRH
and AVP expression (Watts and Sanchez-Watts, 1995; Ma et al. 1997). BNST PACAP
mRNA levels were not upregulated 2 or 24 hours following a single stressor exposure which
appeared consistent with other studies demonstrating the inability for a variety of acute
stressors to regulate hypothalamic PACAP transcripts (Hannibal et al. 1995). Hence, the
upregulation of BNST PACAP may be more closely tied to anxiety-related behavioral states
that develop only when stressor exposure is sustained. Congruent with this posit, our
previous work also suggested that over the course of the repeated stress paradigm, BNST
activity is gradually recruited such that the latter days of stressor exposure produced a more
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severe anorexic state than that observed in the early days of stress (Roman et al. 2012).
BNST PACAP may critically regulate these effects; the upregulation of BNST PACAP
expression is protracted by stress, and the ensuing excitatory and neurotrophic effects of
PACAP signaling may drive the maladaptive neurocircuit plasticity to affect behavior. In
sum, BNST PACAP upregulation may be a critical mediator of psychopathologies that are
associated with chronic or repeated stressor exposure.

Heightened corticosterone levels from stress-induced HPA activation can dramatically alter
neuronal survival, cytoarchitecture and transmitter/peptide production in vitro and in vivo
(Packan and Sapolsky, 1990; Schulkin et al. 1998; McEwen, 2008; for review, see
Groeneweg, 2011). In investigating whether corticosterone has similar regulatory effects on
PACAP expression, we demonstrated that even with administration protocols that sustained
blood corticosterone levels greater than those typically observed after stress, BNST PACAP
transcript levels were not altered. Elevated corticosterone levels did not replicate the effects
of repeated variate stress on PACAP transcripts even with substantially more statistical
power than was required to produce the effects of stress, and had no apparent effects on
anxiety-like behavior on an elevated-plus maze. The duration of our corticosterone
treatments (7 days) was shorter than that of previous studies (>21 days) describing the
corticosterone effects on anxiety states (Pego et al., 2008; Diniz et al. 2011); our
corticosterone treatment paradigm may not have affected the functional or morphological
plasticity to impact anxiety-like responses. Notably, the absence of corticosterone effects on
anxiety-like behavior was mirrored by an absence of BNST PACAP transcript induction.
These results also demonstrated that inductions in BNST PACL1 receptor transcript alone
were insufficient to mediate the stress-mediated anxiety-like behavior, as corticosterone
increased PAC1 receptor transcripts without anxiety-like behavior.

While intra-BNST GR activation has been shown to increase anxiety-like behavior (Shepard
et al. 2009), there were no significant changes in either GR or MR transcript expression
following stressor exposures in the current studies. Although the temporal induction of
BNST GR or MR transcripts may be different from that for PACAP following stress or
corticosterone administration, and the current g°PCR methods did not permit cellular
resolution of GR/MR mRNA analyses on PACAP neurons, these data may be consistent
with our corticosterone study suggesting that stress-induced increases in dIBNST PACAP
transcript levels were not dependent on GR or MR signaling.

The BNST has been argued to be an important regulator of HPA axis activity and to receive
input from multiple regions including the medial prefrontal cortex, amygdala and
hippocampus. Additionally, as the BNST has been argued to mediate the behavioral
response to long-duration sustained threatening stimuli (Waddell et al. 2006) and context
conditioning (Sullivan et al. 2004), all of the stressors utilized in our paradigm may have
directly stimulated BNST activity to result in augmented PACAP/PACL receptor expression.
Although our data suggested that BNST PACAP may not be immediately regulated by HPA
corticosterone responses, stress-induced corticosterone may still be activating other genes
and mediators upstream of PACAP resulting in the apparent temporal delay in its stress-
regulated expression. BNST CRH is modulated by corticosterone (Makino et al. 1994; Watts
and Sanchez-Watts, 1995; Shepard et al. 2006) and may be one candidate mediator upstream
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of PACAP expression although other studies have suggested PACAP regulation of CRH
neurons (Kozicz et al. 1997; Legradi et al. 1998; Agarwal et al. 2005). The regulation of
BNST PACAP expression may also be multifactorial requiring the aggregation of direct
BNST stimulation, activation of other stressrelated neurocircuits and circulating
glucocorticoid signaling.

In aggregate, the current set of studies suggest that BNST PACAP expression is
differentially regulated from other stress mediators, including CRH, and appears to require
activation of stress conditions or signals that are necessarily prolonged. While further studies
are required to assess how PACAP mechanisms contribute to anxiety-like behavior, these
studies further support BNST PACAP involvement in stress-related behavioral pathologies.
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Figure 1.
Stressor exposure alters dIBNST PACAP transcript expression. (A), Repeated variate stress

(7 day, see Materials and Methods) attenuated rat weight gain to demonstrate efficacy of the
stress paradigm. Repeated stress increased both PACAP (B) and PAC1 (C) mRNA transcript
expression within the dIBNST without affecting levels in the vBNST. dIBNST, dorsal
anterolateral bed nucleus of the stria terminalis; vBNST, ventral anterolateral bed nucleus of
the stria terminalis; PACAP, pituitary adenylate cyclase- activating peptide. Data represent
mean SEM; *, significantly different from control at p < 0.05.
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dIBNST PACAP and PACL receptor expression are not altered by single or acute stress. No

significant changes were observed in dIBNST PACAP or PAC1 mRNA transcript

expression 2 h after restraint stress (A, acute stress). There was no difference in weight gain
for rats that received a single stress during the 24 h following restraint compared to control
rats (B). Neither dIBNST PACAP nor PAC1 mRNA transcript expression was altered in the

dIBNST 24 h after restraint stress exposure (C). Data represent mean = SEM.
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Repeated corticosterone injection differentially regulates dIBNST PACAP and PAC1
transcript expression. Repeated corticosterone treatment (2.5 mg/kg) produced a trend
towards attenuated weight gain in comparison to vehicle treated rats across 7 days of
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treatment (A). There was no effect of repeated or a single corticosterone treatment (2.5
mg/kg) on PACAP (B), but produced a significant increase in PAC1 receptor transcript
expression in the dIBNST (C). Data represent mean + SEM, *p < 0.05 compared to control.
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Figure4.
Repeated corticosterone treatment did not mimic repeated stress effects on anxiety-like

behavior on the elevated plus maze. Rats that received 7 days of repeated variate stress
(repeated stress) spent significantly less time on the open arms of the maze compared to
non-stressed (control) rats. Rats that received 7 days of corticosterone (Cort) treatment at
both the 2.5 mg/kg or 10 mg/kg doses did not display any differences in time spent on the
open arms compared to vehicle treated rats. Data represent mean SEM * p < 0.05 compared
to control.
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