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Abstract

Unpredictable stress is known to profoundly enhance susceptibility to fear and anxiety while
reducing the ability to extinguish fear when threat is no longer present. Accordingly, partial
aversive reinforcement, via random exposure to footshocks, induces fear that is resistant to
extinction. Here we sought to determine the hippocampal mechanisms underlying susceptibility
versus resistance to context fear extinction as a result of continuous (CR) and partial (PR)
reinforcement, respectively. We focused on N-methyl-D-aspartate receptor (NMDAR) subunits
2A and B (NR2A and NR2B) as well as their downstream signaling effector, extracellular signal-
regulated kinase (ERK), based on their critical role in the acquisition and extinction of fear.
Pharmacological inactivation of NR2A, but not NR2B, blocked extinction after CR, whereas
inactivation of NR2A, NR2B, or both subunits facilitated extinction after PR. The latter finding
suggests that co-activation of NR2A and NR2B contributes to persistent fear following PR. In
contrast to CR, PR increased membrane levels of ERK and NR2 subunits after the conditioning
and extinction sessions, respectively. In parallel, nuclear activation of ERK was significantly
reduced after the extinction session. Thus, co-activation and increased surface expression of
NR2A and NR2B, possibly mediated by ERK, may cause persistent fear. These findings suggest
that patients with post-traumatic stress disorder (PTSD) may benefit from antagonism of specific
NR2 subunits.
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1. Introduction

Contextual fear conditioning in rodents has long been utilized to model anxiety disorders
such as PTSD. Many conditioning paradigms, however, do not take into account the
unpredictability that is characteristic of traumatic events that give rise to anxiety disorders.
Unpredictability in CS-US parings is known to exacerbate fear responses in humans
(Acheson, Forsyth, Prevoneau, & Bouton, 2007; Oka, et al., 2010; Fonteyne, Vervliet,
Hermans, Baeyens, & Vansteenwegen, 2009; Vansteenwegen, Iberico, Vervliet, Marescau,
& Hermans, 2008; Grillon, Baas, Cornwell, & Johnson, 2006; Acheson, Forsyth, & Moses,
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2012), particularly those with PTSD or panic disorders (Grillon, et al., 2008; Gorka, Nelson,
& Shankman, 2013; Grillon, et al., 2013). Patients with anxiety disorders also demonstrate
impaired extinction (Nevin, 2012; Seligman, 1968) and enhanced stress responses
(McGuire, Herman, Horn, Sallee, & Sah, 2010; Gliner, 1972) to unpredictable stimuli. Prior
unpredictable stressors have even been shown to impair healthy participants’ later fear
learning, even when that fear learning is adaptive (Meulders et al., 2012). Although many
animal studies have been utilized to investigate the behavioral consequences of PR, very few
have taken advantage of this paradigm to examine signaling mechanisms in the brain that
underlie those phenomena.

Both human (Kalisch, et al., 2006; Rauch, Shin, & Phelps, 2006; Milad et al., 2007) and
rodent (Fischer, Sananbenesi, Schrick, Spiess, & Radulovic, 2004; Fischer, et al., 2007)
studies have implicated the hippocampus as a critical region for fear extinction.
Interestingly, fMRI data from humans point to the hippocampus as an encoder of uncertainty
in cue-outcome relationships (Vanni-Mercier, Mauguiere, Isnard, & Dreher, 2009), and its
activity is modulated both by outcome probabilities (Rodriguez, 2009) and unexpected
aversive stimuli (Ploghaus, et al., 2000) during associative learning tasks. Furthermore,
PTSD patients have reduced hippocampal volume (Shu, et al., 2013) and decreased
hippocampal activation during extinction recall (Milad, et al., 2009). A role of hippocampal
mechanisms in fear extinction has also been supported by studies using animal models
(Radulovic & Tronson, 2010), which highlight the significance of the MAPK/ERK pathway
(Matsuda, et al., 2010; Szapiro, Vianna, McGaugh, Medina, & lzquierdo, 2003). Previous
work in our lab suggests that increased somatonuclear phopsho-ERK (pERK) in CAl
pyramidal neurons is indicative of shock expectancy violation and is required for effective
fear extinction. Both hippocampal ERK signaling and fear extinction are impaired after PR
contextual fear conditioning (Huh, et al., 2009). Together, these data suggest that
understanding hippocampal signaling during extinction after PR will lead to identification of
potential therapeutic targets for anxiety disorder sufferers.

In this study, we aimed to identify the primary hippocampal mechanism for impaired
context fear extinction after PR. Previous studies have demonstrated that activation of
hippocampal NMDAR regulates fear extinction (Szapiro, Vianna, McGaugh, Medina, &
Izquierdo, 2003; Labrie, et al., 2009; Gomes, et al., 2010), and that systemic NMDAR
blockade can prevent fear extinction in a variety of fear-motivated tasks (Cox & Westbrook,
1994; Baker & Azorlosa, 1996; Bevilaqua, et al., 2006, Santini, Muller, & Quirk, 2001;
Suzuki et al., 2004; Sotres-Bayon, Bush, & LeDoux, 2007; Parkes & Westbrook, 2010).
Because NMDAR bidirectionally regulate ERK activation depending on their subunit
composition and synaptic localization (Chandler, Sutton, Dorairaj, & Norwood, 2001; Kim,
Dunah, Wang, & Sheng, 2005; Choo, et al., 2012), we hypothesized that recruitment of
different NR2 subunits after PR, compared to CR, results in resistance to extinction.

2. Materials and methods
2.1. Subjects

All experiments were conducted on nine-week-old male C57BL6/N mice (Harlan,
Indianapolis, IN). Mice were individually housed and maintained on a 12/12 light/dark cycle
(lights on at 7 a.m.) with food and water available ad libitum. All animals were treated in
compliance with National Institutes of Health standards, and the Northwestern University
Animal Care and Use Committee approved all procedures.
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2.2. Surgery

Mice were anesthetized with 1.2% Avertin and implanted bilaterally with 26-gauge guide
cannulae into dorsal hippocampus (1.5mm posterior, £1mm lateral, 2mm ventral to
Bregma). Animals were allowed to recover for at least three days prior to behavioral
experiments.

2.3. Infusions

Intrahippocampal infusions were made using 28-gauge injectors that extended 1mm beyond
the tips of the guide cannulae. All infusions were bilateral and delivered in a volume of 0.25
pL/side at a rate of 0.5 pL/min. NR2A were blocked with the preferential antagonist NVP-
AAMO77 (NVP; Novartis) at a dose of 1 pg/pL in 10% DMSO in artificial cerebrospinal
fluid (aCSF). NR2B were blocked with the specific antagonist Ro25-6981 (Ro; Sigma) at a
dose of 2 pg/pL in 10% DMSO in aCSF. NMDAR were non-specifically activated by D-
serine (200 pg/pL in aCSF, Sigma) whereas NR2 subunits were nonselectively blocked by
((2R)-amino-5-phosphonovaleric acid (APV; 10 pg/uL in aCSF; Sigma). All infusions were
made immediately following each daily extinction session, for a total of three to six
infusions per mouse (Figures 2 and 1, respectively).

2.4. Fear conditioning and extinction

All fear conditioning and extinction sessions took place in a Plexiglass chamber
(35%x20%20cm) with a stainless steel rod floor in a sound-attenuating cabinet (TSE, Inc.).
The chamber was cleaned with 70% ethanol after every mouse. In the PR training paradigm,
mice were placed in the conditioning chamber for three minutes on six consecutive days.
Days one, four, and six concluded with a 0.7 mA, 2 s, unscrambled footshock. In the CR
training paradigm, mice were placed in the conditioning chamber for three minutes on six
consecutive days, and each session concluded with a footshock. To examine extinction
processes, mice were placed in the same chambers for three minutes on at least four
consecutive days following the last day of training. Freezing behavior was scored using a
sampling method by a trained observer unaware of the experimental conditions who
manually recorded freezing every fifth second over 180 seconds (a total of 36 data points).
Freezing data were expressed as the percentage of total observations that each animal spent
motionless, save for respiration.

2.5. Tissue preparation

Dorsal hippocampi were collected either 24 hours after the final training session or 1 hour
after the final extinction session. Tissue was immediately frozen in liquid nitrogen and then
transferred to storage at —80°C until lysis. ProteoExtract Subcellular Proteome Extraction
Kit (EMD Millipore) was used to generate membrane, cytoplasmic, and nuclear fractions.

2.6. Immunoblot

Membrane and nuclear fractions (10 pg per sample) were reduced in loading buffer with 3-
mercaptoethanol and boiled for five minutes. Samples were then subjected to SDS
polyacrylamide gel electrophoresis and transferred to PVDF membranes (Millipore).
Membranes were blocked with 1-Block (Tropix), incubated with primary antibody overnight
(NR2B, Chemicon 1:200; NR2A, Millipore 1:1000; ERK1/2, Santa Cruz 1:8000; pERK1/2,
Sigma 1:5000; Actin, Santa Cruz 1:400) at 4°C and corresponding secondary antibody (Goat
Anti-Rabbit or Goat Anti-Mouse 1:10,000; Santa Cruz) for one hour at room temperature.
Membranes were then incubated with alkaline phosphatase chemiluminescence enhancer
(Nitro-Block I1, Tropix) and the substrate CDP Star (Tropix), and then exposed to X-ray
film for detection.
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1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Leaderbrand et al. Page 4

2.7. Co-immunoprecipitation

Prepared membrane fractions (three to five samples per condition) were combined to create
160 g per co-immunoprecipitation. Immunoprecipitations were performed using Catch and
Release Kit (Upstate) according to the user’s manual. NR2A- and NR2B-associated
complexes were isolated with 4 jug primary antibody (Millipore AB1555 and Chemicon
MAB5220, respectively) and 4 g mouse 1gG (Sigma 18765) was used as a negative control.
Eluates and inputs were reduced in loading buffer with DTT and boiled for five minutes
prior to electrophoresis.

2.8. Histology

At the end of each pharmacological experiment, mice were anesthetized with 1.2% Avertin,
and methylene blue was infused through the cannulas at the same volume and flow rate as
drug or vehicle. Brains were then extracted, frozen on liquid nitrogen, and stored at —20°C
until cryosectioning and examination under a light microscope for cannula placement. Mice
with inaccurate placements were excluded from analysis.

2.9. Data Analysis

Freezing data were analyzed with repeated measures analysis of variance (ANOVA). The
first day of extinction was excluded from any analyses since freezing during this session
preceded drug infusions. When a significant main effect or interaction effect was found (p <
0.05), post-hoc analyses were performed using LSD tests. For immunoblot analyses, ImageJ
software (NIH) was used to determine mean optical density for each band, which was then
normalized to internal controls (Actin, or total ERK in the case of pERK) and then to the
mean optical density of the naive condition. Data were analyzed with one-way ANOVA
with LSD tests for post-hoc analysis when necessary and presented as means * standard
error of the mean.

3. Results

3.1. Behavioral results

After CR, control mice successfully extinguished their fear responses by the third day of
extinction training compared to the last day of conditioning (p < 0.05; Fig. 1A). This
extinction process was impaired by the NR2A-preferring antagonist NVVP but not the NR2B-
specific antagonist Ro. Repeated measures ANOVA gave a significant effect of day (Fs 125
=24.13, p<0.01) and a significant day by drug interaction (Fs 125 = 4.82, p < 0.01). Post-
hoc analyses revealed that mice in the NVP group froze significantly more than mice in the
Ro and vehicle groups on days 5-7 (ps < 0.01).

PR, as expected, resulted in impaired extinction; control mice did not significantly decrease
their freezing levels compared to the last day of conditioning. However, this effect was
reversed by infusion of either NVP or Ro (Fig. 1B). Repeated measures ANOVA revealed a
significant effect of day (Fs g9 = 16.58, p < 0.01) and drug (F2,19= 16.49, p < 0.01). Post-
hoc analyses indicated that the Ro group froze significantly less than the vehicle group on
days 4-7 (ps < 0.05) and the NVP group froze less than the vehicle group on days 2—7 (ps <
0.01). The freezing levels of the Ro and NVP groups on the last day of extinction (40.87%
and 34.13%, respectively) resemble those of the vehicle group in the CR training condition
(34.26%), indicating that either drug treatment completely rescued the PR-induced
extinction deficit. Thus, NR2A activation is required for extinction after CR, whereas
activation of NR2A and NR2B results in the impaired extinction seen after PR.

To further validate the inhibitory role of NMDAR in fear extinction after PR, we performed
an additional experiment with the NR2 subunit-nonselective antagonist (APV) and a general
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NMDAR agonist (D-serine). Antagonism of NR2 in hippocampus via APV facilitated
extinction after PR (Fig. 2), as revealed by a significant effect of day (Fy, 20 = 7.56, p <
0.01) and drug (F», 49 = 54.92, p < 0.01), and a significant day by drug interaction (F, 20=
6.99, p < 0.01). The APV group froze less than the vehicle group on days 2—4 (ps < 0.01),
whereas agonism of hippocampal NMDAR via D-serine had no effect on extinction after PR
(ps > 0.05). Interestingly, APV reduced freezing after PR to 21.13% after the second
infusion, whereas NVP and Ro only reduced freezing levels to 40.87% and 34.13%,
respectively, after six infusions. These results suggest that, after PR, the effects of NR2A
and NR2B blockade on extinction are additive, and that impaired extinction results from the
co-activation of NR2A and NR2B.

3.2. NR2A, NR2B, and ERK expression and interactions

3.2.1. Hippocampal membrane expression of NR2A and NR2B 24 hours after
fear conditioning and 1 hour after extinction training—ANOVAs revealed that
neither the CR nor PR conditioning paradigms resulted in changes in levels of NR2A (F 11
=2.05,p=0.175) or NR2B (F,,11= 1.46, p = 0.275) (Fig. 3A, left). After extinction,
however, levels of both NR2A (F3 10= 4.916, p = 0.033) and NR2B (F5 10=5.145, p=
0.026) were significantly increased over controls (Fig. 3A, right). Post-hoc tests revealed
that, only in the PR group, the increases in NR2A and NR2B were significant (ps = 0.013
and 0.008, respectively).

3.2.2. Hippocampal membrane expression of ERK1/2 24 hours after fear
conditioning and 1 hour after extinction training—~Fear conditioning resulted in
changes in ERK1 (F3 11 = 3.97, p = 0.05) and ERK2 (F3 11= 5.612, p = 0.02) membrane
expression in the PR group (Fig. 4A, left). Post-hoc analysis revealed that PR mice had
significantly higher ERK1 (p = 0.018) and ERK2 (p = 0.007) retained in the membrane
compared to naive controls, whereas CR mice did not. Although ERK levels appeared to be
elevated in the PR group after extinction, this difference did not reach significance (ERK1.:
F2 10= 3.047, p=0.089; ERK2: F5 10= 3.364, p = 0.072; Fig. 4A, right).

3.2.3. NR2/ERK interactions after CR and PR—Twenty-four hours after the last
conditioning session, membrane fractions were isolated and probed with NR2A or NR2B
antibodies in order to establish whether ERK1/2 were in the same protein complexes (Fig.
5). ERK1/2 co-immunoprecipitated with both NR2A and NR2B after fear conditioning and
in naive mice. It appeared that ERK1 and ERK2 increased their association with NR2A after
PR training, but further experiments are required to quantitatively confirm this finding.
PERK2 was in complex with NR2B in the naive group, but not after either training
paradigm, whereas pERK1 did not appear to be in complex with either NR2A or NR2B in
any condition. These findings suggest that ERK/NR2 complexes primarily involve inactive,
unphosphorylated ERK1/2.

3.2.4. Hippocampal nuclear pERK1/2 expression 1 hour after extinction
training—Surface NMDAR activity regulates ERK signal propagation from the membrane
to the nucleus, which is required for fear extinction. We therefore determined the level of
nuclear pERK in CR, PR, and naive groups (Fig. 6). Nuclear pERK1 (F, 9= 4.95, p = 0.035)
and pERK2 (F; 9= 4.56, p = 0.043) were significantly lower after extinction sessions in PR-
conditioned animals compared to naive controls (pERK1: p = 0.013; pERK2: p = 0.018).
There were no differences between CR-conditioned mice and controls. This finding
replicated earlier observations that impaired nuclear ERK signaling parallels the inability to
extinguish fear.
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4. Discussion

Our findings reveal unique roles of NR2A and NR2B activation in the regulation of fear
extinction. Whereas hippocampal NR2A activity is required for successful extinction after
CR, activity of either NR2A- or NR2B-containing NMDARS prevents extinction after PR.
This finding highlights a unique role of hippocampal NR2A/B co-activation in conferring
resistance to fear extinction. Simultaneous antagonism of NR2A and NR2B with APV
enhanced extinction more potently than antagonism of either subunit alone, suggesting
additive effects of NR2A and NR2B after PR. Lastly, intra-hippocampal infusion of the
NMDAR agonist D-sering, a treatment that typically enhances context fear extinction after
CR (Fiorenza, Rose, Izquierdo, & Myskiw, 2012), failed to enhance extinction after PR,
further indicating that NMDAR activity after predictable versus unpredictable shock can
have different, if not opposing, effects on extinction.

It should be noted that although NVP preferentially inactivates NR2A subunits, it can also
block NR2B subunits. This raises the possibility that the effects of NVP after PR training
were actually due to NR2B blockade. However, Milton et al. (2013) were able to dissociate
the roles of amygdalar NR2A and NR2B on memory reconsolidation using a 10-fold higher
dose of NVP than was used here. Moreover, simultaneous antagonism of NR2A and NR2B
with APV more potently enhanced extinction than antagonism of either subunit alone,
suggesting distinct and additive effects of NR2A and NR2B activity. Thus, impaired
extinction after PR most likely results from co-activation of NR2A and NR2B.

We found that hippocampal NR2B antagonism had no effect on extinction of contextual fear
after CR, but facilitated extinction after PR. In contrast, systemic or amygdalar NR2B
blockade prevents fear extinction after continuous reinforcement conditioning using a
discrete cue (Sotres-Bayon, Bush, & LeDoux, 2007; Dalton, Wang, Floresco, & Phillips,
2008), and forebrain overexpression of the NR2B subunit enhances both contextual and
cued fear extinction (Tang, Wang, Feng, Kyin, & Tsien, 2001). Collectively, these results
emphasize that the role of NR2B in fear extinction is region-specific and depends on the
reinforcement schedule used during conditioning.

At a cellular level, CR and PR differentially affect NR2A/B and ERK levels in membrane
and nuclear compartments of hippocampal cells. Unlike CR, PR results in increased
membrane levels of ERK1/2 post-conditioning. The failure to extinguish after PR is
accompanied by increased NR2A/B expression in the membrane and a failure of pERK1/2
signal propagation in the nucleus. Although NR2A antagonism inhibited extinction after CR,
no changes in NR2A expression at the membrane were observed after CR conditioning or
extinction sessions. It is possible that signaling through basal levels of NR2A is sufficient to
support extinction after CR, or that changes in NR2A function were caused by mechanisms
not investigated here, such as enhanced receptor phosphorylation or scaffold coupling.

PR resulted in sequestration of ERK at the membrane where, in its inactive,
unphosphorylated form, it complexes with NR2A and NR2B. Together with the observation
that increased membrane levels of ERK1/2 preceded NR2A and NR2B accumulation, this
suggests that ERK1/2 may target NMDAR mobilization to the neuronal surface. ERK1/2
signaling has been shown to enhance AMPA receptor trafficking (Kim, Dunah, Wang, &
Sheng, 2005), illustrating the ability of this kinase to regulate receptor expression at the cell
membrane. One potential mechanism for ERK1/2 to attract NR2 subunits to the membrane
is changes in scaffolding proteins in NMDAR/ERK complexes. IQGAPL, for example, is a
scaffolding protein that links NR2A subunits to the ERK pathway, and mice lacking this
protein have reduced surface expression of NR2A and impaired ERK signaling (Gao, et al.,
2011).
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The functional consequence of NR2A and NR2B subunit co-expression at the membrane
may be inhibition of ERK signal propagation to the nucleus. Previous work has shown that
simultaneous activation of synaptic and extrasynaptic NMDAR, or activation of
extrasynaptic NMDAR alone, inhibits ERK signaling (Gao, et al., 2010; Ivanov, et al., 2006;
Karpova, et al., 2013). Impaired extinction is likely the results from confinement of ERK1/2
to the membrane, which prevents this extinction-critical kinase from responding to
prediction error during extinction trials. Conversely, after CR conditioning, signaling
through basal levels of synaptic, NR2A-containing NMDAR likely activates the ERK
cascade. Whether the novel role of NR2A in preventing extinction after PR is due to a
functional change in downstream NR2A-associated signaling in addition to receptor
trafficking (perhaps to extrasynaptic sites) remains to be established.

The implications for this research are primarily relevant to pharmacological treatment of
anxiety disorders with NMDAR-targeting drugs. We propose that NMDAR blockade may
be beneficial for anxiety patients presenting with impaired extinction responses, particularly
after repeated unpredictable traumatic experiences. At first glance, this may appear
contradictory to findings that D-cycloserine, a partial agonist of NMDAR at the glycine-
binding domain, improves symptoms of PTSD in humans (de Kleine, Hendriks, Kusters,
Broekman, & van Minnen, 2012; Heresco-Levy, et al., 2002) and facilitates fear extinction
in rodent models (YYamamoto, et al., 2008; Gupta, et al., 2013). The extinction-enhancing
effects of D-cycloserine may be due to partial agonism actually reducing, rather than
enhancing NMDAR signaling. Another possibility is that NMDAR agonism by D-
cycloserine facilitates extinction only when fear is the result of predictable aversive events.
This explanation is in line with our findings that NMDAR antagonism impaired extinction
after CR and produced an opposite effect after PR, and that D-serine administration failed to
enhance extinction after PR. Accordingly, in veterans with PTSD as a result of combat
trauma, which is similar to PR in the unpredictability of aversive events, D-cycloserine used
as an adjunct to exposure therapy results in poorer patient outcomes (Litz, et al., 2012). In
rodents, intrahippocampal D-cycloserine infusions facilitate extinction after CR training, and
also enhance hippocampal NR2B expression (Ren, et al., 2013). Because NR2B activity
prevents extinction after PR, this may be a mechanism for D-cycloserine’s adverse effect in
humans who have suffered unpredictable trauma. Different outcomes of predictable and
unpredictable stress on fear extinction have also been found in human models of expectancy
and evaluative learning, which result in susceptibility and resistance to extinction,
respectively (Baeyens, Eelen, & Van den Bergh, 1990; Vansteenwegen, Francken, Vervliet,
De Clercq, & Eelen, 2006; Blechert, Michael, Williams, Purkis, & Wilhelm, 2008). These
models can be used to further validate our observations in human studies and identify novel
effective treatments for persistent fear.
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Fig. 1.

Extinction after CR or PR training paradigms with intra-hippocampal drug infusions. NR2A
blockade with NVP prevented extinction after CR (A), whereas NR2A or NR2B inhibition
enhanced extinction after PR (B). * NVP vs. vehicle p < 0.05. ** NVP vs. vehicle p < 0.01.
## Ro vs. vehicle p < 0.05. ## Ro vs. vehicle p < 0.01. Arrows indicate intra-hippocampal
infusions.
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Extinction after PR training with intra-hippocampal infusions of APV or D-serine. NMDAR
blockade with APV enhanced extinction after PR, whereas NMDAR activation via D-serine
had no effect on fear. ** APV vs. vehicle p < 0.01. Arrows indicate intra-hippocampal
infusions.
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Fig. 3.

Membrane NR2 subunit expression 24 hr after last training session or 1 hr after last
extinction session from naive, CR-trained, and PR-trained animals. NR2 subunit levels were
not affected by training, but both NR2A and NR2B levels were significantly higher after
extinction sessions in PR-trained animals compared to naive (A). Representative
immunoblots of statistically significant differences are shown in (B). * p < 0.05.
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Fig. 4.

Membrane ERK1/2 expression 24 hr after last training session or 1 hr after last extinction
session in naive, CR-trained, and PR-trained animals. ERK1/2 levels significantly increased
post-training in PR but not CR animals compared to naive (A). Although it appeared that
ERK1/2 was retained at the membrane after extinction as well, the difference from naive
was not significant. Representative immunoblots of statistically significant differences are
shown in (B). * p<0.05, ** p< 0.01.
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Fig. 5.

Membrane-associated NR2 protein complexes 24 hr after last training session in naive, CR-
trained, and PR-trained animals. ERK1/2, NR2A, and NR2B were expressed on the
membrane and found in complexes. ERK1/2 interacted with NR2A and NR2B regardless of
training, and association appeared greater with NR2A after PR. pERK1/2 were not found in
complex with NR2 subunits, save for pPERK2 bound to NR2B in the naive state.
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Fig. 6.

Nuclear pERK expression 1 hr after last extinction session in naive, CR-trained, and PR-
trained animals. pERK1/2 were reduced in PR but not CR animals compared to naive (A).
Representative immunablots of statistically significant differences are shown in (B). * p <
0.05.
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