https://doi.org/10.24839/2325-7342.JN24.4.210

Examining the Effects of Exercise on Frustration-Induced
Anxiety-Like Behavior in Rats

J. Eason Taylor "2, Bailee Ficzere, Jonathan St. Louis, and Timothy J. Schoenfeld”
Belmont University

ABSTRACT. Frustration is an emotional event arising from decreases in
expected reward following motivated behavior and is associated with stress
and anxiety in humans, albeit rarely studied in rodents. Rodent studies
have shown that anxiety-like behavior is a potential side effect of frustration,
although the mechanisms and potential preventative actions for frustration
are unknown. To study anxiety interventions in rodents, running wheels
are used to consistently decrease anxiety-like behavior. However, wheel
running has not been used to study its effects on frustration-induced anxious
behavior. Thus, we modeled frustration in both control and running rats,
and predicted that running would buffer anxiogenic effects of frustration.
Long-Evans rats (N = 16) were randomly assigned to either control or
exercise conditions. All rats were trained on a progressive variable ratio
(VR) lever pressing schedule up to VR20. After reaching criterion, rats went
through a frustration trial, during which no reward was given. After both
VR20 and frustration trials, corticosterone was measured from tail blood,
and anxiety-like behavior was analyzed in an open field. Last, hippocampal
tissue was analyzed for dendritic spine density. Control rats had increased
anxiety-like behavior, ¢(7) = 4.84, p=.002, and corticosterone levels, #(8) =
3.31, p= 011, following induced-frustration. However, running rats showed
no such increases, t(7) = -0.24, p = .82, and had higher spine density
throughout the hippocampus, #(4) =-8.21, p=.001. The present findings
suggest exercise as a preventative intervention against the maladaptive
effects of frustration on physiology and anxious behavior.

Keywords: frustration, anxiety-like behavior, running, corticosterone,
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Anxiety-Like Behavior in Rodents

Rodent studies allow the ability to model anxiety
disorders in an ethologically appropriate manner
to discover their etiology and mechanisms for

nxiety disorders are the most prevalent
A mental illnesses among adults in the United
States, with a lifetime prevalence rate
upward of 33% in the general population (Kessler,

Petukhova, Samplson, Zaslavsky, & Wittchen, 2012),
and this number is unlikely to have changed over
the past two decades (Bandelow & Michaelis, 2015).
Additionally, anxiety disorders create a burden,
with an annual cost between 50-100 billion dollars

potential treatments (Lister, 1990). For example,
the open field test, a common procedure used to
measure general locomotor behavior, can be used
to assay anxiety in rats (Prut & Belzung, 2003).
Reduced exploration of the more threatening

WINTER 2019 in the United States (Kessler & Greenberg, 2002; parts of the open field (e.g., the center regions)
Shirneshan, 2013). This demonstrates a critical is a behavior that models novelty avoidance and
PSI CHI . . . . . . .
JOURNAL OF need to develop more effective and accessible caution, which are observed in anxiety disorders
PSYCHOLOGICAL treatment options. in humans (Frenkel et al., 2015). Although most
RESEARCH

210 COPYRIGHT 2019 BY PSI CHI, THE INTERNATIONAL HONOR SOCIETY IN PSYCHOLOGY (VOL. 24, NO. 4/ISSN 2325-7342)

*Faculty mentor


https://orcid.org/0000-0003-0067-7540
https://orcid.org/0000-0001-7134-7296

Taylor, Ficzere, St. Louis, and Schoenfeld | Exercise Effects on Frustration-Induced Anxiety

rodent studies have investigated baseline anxiety
levels, it is important that studies also understand
the environmental impact on developing anxiety-
like behavior in rodents (reviewed in Schoenfeld
& Cameron, 2015). Two different environmental
experiences, frustration and running, exert opposite
effects on anxious behavior in both humans and
rodents (Anderson & Shivakumar, 2013; Cuenya,
Fosacheca, Mustaca, & Kamenetzky, 2012; Fulk et
al., 2004; Keenan & Newton, 1984), so we sought
to investigate the interplay of both on anxiety-like
behavior in rats.

Frustration as an Anxiogenic Tool

Frustration is the emotional sensation experienced
when progress toward seemingly achievable goals
is hindered by obstacles such that an individual
perceives a lack of control (Meindl et al., 2018).
Frustration is related to human anxiety in the
workplace (Keenan & Newton, 1984) and school
(Brotman, Kircanski, Stringaris, Pine, & Leibenluft,
2017; Wigfield & Meece, 1988). In rodents, frustra-
tion has been induced through the removal of
expected reward in operant tasks such as lever press-
ing (Burokas, Gutiérrez-Cuesta, Martin-Garcia, &
Maldonado, 2012). Scull, Davies, and Amsel (1970)
operationally defined this frustration effect origi-
nally as an increase in the intensity of response rate
following a sudden period of nonreward. Although
more rarely studied, there are more generalized
emotional side effects to frustrative-nonreward in
addition to those standard effects on lever pressing
behavior. Behavioral analysis during frustration
trials suggested that rats displayed consummatory
behavior that resembles the state of anxiety in other
tests (Cuenya et al., 2012). Specifically, Cuenya and
associates (2012) demonstrated that social isola-
tion produced both anxiety-like behavior in the
elevated plus-maze—another common apparatus
used to measure anxiety in rodents—and atypical
consummatory behavior during a sucrose test
(ambulatory behavior and rearing) theorized to
resemble anxiety. In addition, anxiolytic medica-
tions reduced these anxiety-like consummatory
behaviors during frustration trials (Flaherty, 1990;
Mustaca, Bentosela, & Papini, 2000), suggesting
that frustration elicited emotional side effects that
resemble anxiety in rodents. However, no studies
have directly investigated if frustration produces
anxious behavior outside of the frustrating sce-
nario, like the open field, nor if exercise prevents
such anxiety-like behavior. Therefore, frustrative-
nonreward is an understudied mechanism we seek

to utilize to measure potential effects on anxiety-like
behavior of a more emotional kind.

Exercise Effects on Anxiety and Stress Hormones
Conversely, aerobic exercise reduces anxiety
in patients with anxiety disorders (Anderson &
Shivakumar, 2013), and wheel running is con-
sidered a rodent model of aerobic exercise that
routinely decreases anxiety-like behavior (Fulk et
al., 2004; Schoenfeld et al., 2014). Wheel running,
then, is commonly used with rodents to study effects
of exercise on anxiety-like behavior and possible
biological mechanisms that underlie its anxiolytic
effects. Chronic wheel running buffered the release
of corticosterone, the main stress hormone in rodents,
which was increased by stressful experiences such
as electric shock and physical restraint (Benaroya-
Milshtein et al., 2004; Hare, Beierle, Toufexis,
Hammack, & Falls, 2014), and further buffered
the anxiogenic effects of stress (Lapmanee,
Charoenphandhu, & Charoenphandhu, 2013).
Despite these findings using physical stressors, little
is known about the effects of wheel running to buf-
fer more emotionally driven sources of anxiety-like
behavior. Therefore, the primary purpose of the
present study was to investigate the role of wheel
running in rodents as a potential intervention on
frustration-induced increases in anxiety-like behav-
ior. In addition, corticosterone was measured to
investigate physiological measures of stress follow-
ing frustration in addition to behavioral measures
of anxiety-like activity.

Structural Change in the Hippocampus

The hippocampus is a brain area involved in the
perception of stressful contexts and the production
of anxious behavior (Adhikari, Topiwala, & Gordon,
2010) and is implicated as a key brain area for devel-
oping new interventions to treat anxiety disorders
(Gorman, 2003). All three major subregions of the
hippocampus (i.e., the dentate gyrus (DG) and
areas CA3 and CAl) form the trisynaptic circuit
and each have been functionally implicated in
moderating anxious behavior (Jimenez etal., 2018;
Kheirbek et al., 2013; Schumacher et al., 2018).
Interestingly, these areas are all highly plastic and
undergo many structural changes in response to
environmental stimuli. One of these alterations—
increases in dendritic spines—reflects neuron
growth and is positively associated with stress recov-
ery and resilience (Sousa, Lukoyanov, Madeira,
Almeida, & Paula-Barbosa, 2000; Yang, Shirayama,
Zhang, Ren, & Hashimoto, 2015). Chronic running
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(atleast ten days) produced increases in dendritic
spine density of all subregions of the hippocampus
(Eadie, Redila, & Christie; 2005; Lin et al., 2012;
Stranahan, Khalil, & Gould, 2007), suggesting that
structural plasticity throughout the hippocampus is
both sensitive to environmental manipulations and
a mechanism for stress resilience, although these
changes take time. Changes in dendritic spines
within the hippocampus likely reflect key adapta-
tions in the brain produced by exercise to prevent
future anxiety-like behavior (Schoenfeld, Rada,
Pieruzzini, Hsueh, & Gould, 2013). Therefore,
we investigated dendritic structure as a potential
mechanism involved in frustration-induced anxiety-
like behavior.

Although anxiolytic medications reversed
learning deficits following frustration (Morales,
Torres, Megias, Candido, & Maldonado, 1992),
and exercise prevented effects of physical stressors
on anxiety-like behavior (Greenwood et al., 2013;
Lapmanee, Charoenphandhu, Teerapornpuntakit,
Krishnamra, & Charoenphandhu, 2017), it is
unknown how an experience like exercise impacts
the effects of a less physical form of stress (i.e., frus-
tration) on anxiety-like behavior. Currently, there
is a gap in knowledge of the emotional side effects
and physiological mechanisms of frustration. There-
fore, we utilized frustration to explore the effects
of wheel running on anxiety-like behavior and the
physiological and neuronal circuits that underlie
these behavioral effects. We hypothesized that
running rats would display less anxiety-like behavior
in the open field compared to nonrunning control
rats, and that this difference would be heightened
following reward-based frustration. In addition, we
predicted that running rats would have decreased
corticosterone expression and increased spine
density within hippocampal neurons compared
to control rats that would provide information
about possible mechanisms for exercise effects on
frustration-induced anxious behavior.

Method

Participants

Eight-week-old male Long-Evans rats (Envigo) were
used and randomly assigned to running and control
conditions. Rats were given ad libitum access to food
and water, then kept on a restricted diet (~16g
chow/rat/day) schedule starting the week prior to
operant training. All rats were group-housed (2-3
rats/cage) and maintained on a 12-hour light-dark
cycle (lights on at 6 a.m.). All animal protocols
conformed to the Institute of Laboratory Animal
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Research and approved by Belmont University
IACUC.

Apparatuses

Rats were housed in two different environments,
based on treatment group. Control rats (n = 8)
were housed in standard laboratory cages (25 cm x
45 cm), whereas running rats (n = 8) were housed
in an otherwise standard cage, albeit larger (40
cm x 50 cm), because it contained a large running
wheel directly in the cage (Lafayette Instruments)
and provided them free access to running all day.
Although running cages were bigger, the nonwheel
areas were similar in size (23 cm x 50 cm) to stan-
dard nonrunning cages.

For operant training, rats learned to lever
press for 45 mg sucrose pellets (Bioserv) in Stu-
dent Learning Chambers (Lafayette Instruments)
equipped with two levers and lights to act as
discriminative stimuli.

For anxiety-like behavior, rats were tested in an
open field (1 m x 1 m). To measure corticosterone
levels following anxiety testing, rats were briefly
restrained (Harvard Apparatus) and tail blood
serum was collected using microvette capillary tubes
(KentScientific) and a centrifuge (Eppendorf).
Serum was analyzed using a corticosterone ELISA
kit (Enzo Life Sciences) and 1420 multilabel
counter (PerkinElmer).

To analyze brain tissue, brains were cut on a
sliding microtome (American Optical), reacted with
a Golgi stain (FD Neurotechnologies), and analyzed
using an Olympus BX50 brightfield microscope
aided by an Infinity 35-1 camera (Lumenera) and
Image] software (NIH).

Procedure

Experimental design. As depicted in Figure 1A,
both control and running rats (n = 8 each) were
housed in their respective cage environments for
two weeks before operant training began at 10
weeks old. Rats first went through magazine train-
ing and then performed progressively higher VR
schedules until completing the VR20 schedule (see
below). After the first VR20 trial, all rats were tested
in the open field for anxiety-like behavior, and
blood was analyzed from a subset of rats (n= 5 from
each group) for corticosterone levels. Next, all rats
went through a frustration trial, immediately after
which blood was collected again for corticosterone,
and anxiety-like behavior was tested in the same
open field with new context cues. At the end of
testing, brains were extracted, and dendritic spines
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were analyzed from a subset of rats (n=3).
Operant learning and frustration. Progressive
ratio operant training was adapted from Rossi and
Yin (2012). The same 45 mg sucrose pellets used
for magazine training were given to rats in their
home cage to develop motivation for reward. Rats
were first trained on a fixed ratio of one (FR1), with
each lever press yielding one pellet. Rats were then
trained on an increasing VR schedule, receiving one
pellet after an average of n lever presses. Starting
at VR2, rats progressed through VR3, VR5, VR10,
VR15, ending in VR20. Criterion of a successful trial
was operationally defined as achieving 50 rewards
within an hour. Three consecutive successful trials
at a given VR schedule were required to move to
the next level. Time to reach criterion (with a
maximum of 60 minutes) was recorded each trial.
For each VR schedule, time to reach criterion was
averaged across all attempted trials (successful and
unsuccessful) and used for data analysis. Twenty-
four hours after the final VR20 trial, frustration
was induced by placing rats back into the operant
chamber for a duration of 30 minutes but with the
lever deactivated from delivering reward. The num-
ber of lever presses every 5 minutes was recorded.
All lever press and reward data were tabulated by
automatic counters (Lafayette Instruments).
Corticosterone measurements and anxiety-like
behavior. After the first VR20 trial, rats were tested
for baseline exploratory behavior during a 10-min-
ute interval in the open field. The open field had
a smooth plastic floor finish with walls covered in
laminated green construction paper and scented
with lavender (LorAnn Oils) for context. Onto
the floor of the open field, a 5 x 5 grid was created
using colored tape to produce 25 equal squares
(20 cm x 20 cm each) over which rats could freely
explore. The total number of grid intersections
crossed, center intersections crossed (operationally
defined as crossings within the middle 3x3 grid of 9
squares), and total time in the center was collected
by hand during the entire 10-minute window.
Center crossings and time are inversely related with
anxiety-like behavior, while total crossings reflect
general locomotion (Prut & Belzung, 2003).
Directly following the frustration trial, rats
were placed back into the open field to measure
frustration-induced anxiety-like behavior. To
prevent habituation effects, context was altered
during the second open field test by covering the
floor with purple fine grade sandpaper, decorating
the wall with laminated black and white diagonal
stripes, and rosemary scent (LorAnn Oils) was used.

For both trials, blood was collected from the tail
vein 20 minutes after removal from the open field
to assess anxiety-related corticosterone levels. To do
so, rats were briefly restrained in a clear Plexiglas
tube (Harvard Apparatus) and the tail vein near
the end was nicked with a razor blade. Blood was
collected into microvette capillary tubes, and after
1-2 hours, blood was centrifuged at 14,000 RPM,
plasma was extracted, and samples were frozen until
the assay was performed. For the corticosterone
assay, procedures were followed directly from the
ELISA kit manual.

Dendritic spine density in the DG, CA3, and
CALl of the hippocampus. To measure how wheel
running induces changes in dendritic complexity
in the hippocampus, rats were rapidly decapitated
and whole brains extracted and processed using
Golgi impregnation to fully label neurons in the
hippocampus. Briefly, brains were rinsed, cut into
one-inch chunks, and incubated in Golgi-Cox solu-
tion (Rapid GolgiStain kit; FD Neurotechnologies)
for 3 weeks in the dark. Chunks were transferred to
RapidGolgi Stain solution for 48 hours, after which
brains were lightly frozen with dry ice, and 100 pm
sections throughout the hippocampus were cut
using a Microtome and mounted onto SuperFrost
slides (ThermoFisher Scientific). Neurons were
visualized by using a RapidGolgi Stain developing
solution, graded ethanol, and cleared with xylene
before being coverslipped with Permount.

All slides were coded before analysis and
analyzed blind to treatment condition. Neurons
that were fully impregnated (with full dendritic
trees for granule neurons in DG and both apical
and basal dendritic trees for pyramidal neurons in
CA3 and CAl, without trees being clearly cut off
due to sectioning or incomplete staining) and in
isolation (without confound of overlapping neigh-
boring neurons) were located using brightfield
microscopy and analyzed for dendritic spine density
(analyzed at 100x objective). Within each subregion
of the hippocampus, five separate neurons with a
pronounced nucleus and clearly defined dendrites
were selected for analysis. One secondary or tertiary
dendrite was isolated from each granule cell in the
DG and apical dendrites of pyramidal neurons in
CA3 and CA1l and captured with an Infinity 3S-1
monochrome camera (Lumenera). Photographed
sections were then analyzed using Image]. For each
dendritic branch, a 30 pm section was isolated and
manually counted for dendritic spines and used
for density measurements. The average of all five
neurons per subregion was calculated and used for
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Figure TA. After two weeks of access to running wheels, both control and running rats were
trained on a progressive variable ratio (VR) schedule up to VR20. Anxiety-like behavior was
measured in the open field test and blood was collected for corticosterone analysis after both
the first VR20 trial and the frustration trial to measure the effect of frustration and wheel
running on stress and anxious behavior.
Figure 1B. Both control and running rats had similar weight throughout the experiment.
Figue 1. Rats consistently run throughout the experiment. All graphs represent means+SEM.

statistical analysis.

Statistical Analysis

For all analyses, running was a between-subjects
variable; however, all other variables were repeated-
measures variables and analyzed as such. To
measure weight gain over five weeks of the experi-
ment, a 2 x 5 (Running x Week) mixed-factorial
Analysis of Variance (ANOVA) was conducted. To
measure running distances over the four weeks
of running, group cage distances were measured
and analyzed on a per-rat basis, and then a one-
way repeated-measures ANOVA was conducted.
To measure the effect of running on lever press
behavior throughout the six VR schedules learned,
a 2 x 6 (Running x VR Schedule) mixed-factorial
ANOVA was conducted. To measure the effect of
running on extinction during the frustration trial,
a2 x 6 (Running x Time) mixed-factorial ANOVA
was conducted to analyze lever pressing behavior at
5-minute intervals. To measure the effect of running
and frustration on open field behavior and corti-
costerone release, 2 x 2 (Running x Frustration)
mixed-factorial ANOVAs were conducted compar-
ing post-VR20 and postfrustration trials. To measure
the effect of running on dendritic spine density in
the hippocampus, independentsamples ¢ tests were
conducted for each subregion separately. For all
ANOVAs, Bonferroni pairwise comparisons were
used to analyze main effects of repeated-measures
variables, and effect sizes (n?) were determined for

Exercise Effects on Frustration-Induced Anxiety | Taylor, Ficzere, St. Louis, and Schoenfeld

all analyses. For all analyses, an alpha level of .05
was used to determine significant effects.

Results

Basic Characteristics of Control and Running Rats
To compare weight gain over the course of the
experiment between control and running rats, a 2
x b (Running x Week) mixed-factorial ANOVA was
performed on weight of all rats (Figure 1B). A main
effect of week followed by Bonferonni pairwise
comparisons showed that both control and running
rats gained weight while on an ad libitum diet, but
had no change in weight after Week 2, when the
restricted diet began, F{4, 56) = 24.71, p < .001, n?
= .64. There were no effects of running on weight
overall or at any given week of the experiment:
main effect running, F(1, 14) < .01, p=.96,1*< .01,
interaction, F(4, 56) = 1.86, p=.13,n? = .12,

Because rats were group-housed, individual
rodent running distances could not be calculated.
However, to verify group activity in the running
cages, distance was measured weekly in each run-
ning cage (Figure 1C). A one-way within-subjects
ANOVA followed by Bonferroni pairwise compari-
sons showed that running distances increased from
Weeks 1 and 2 to Weeks 3 and 4, F(3, 21) = 25.63,
p<.001,m*=.79.

Running Hastens Learning and Buffers
Frustration-Induced Anxiety-Like Behavior

To determine if running impacts the progression
of rats through increasing-VR ratios during operant
training, the average time to reach criterion (across
all attempted trials) among control and running
rats were compared at each schedule of VR train-
ing (Figure 2A). A2x 6 (Running x VR Schedule)
mixed-factorial ANOVA showed a main effect of
running, with running rats reaching criterion faster
than control rats, F(1, 14) = 4.85, p=.045, 1= .26.
A main effect of VR schedule, F(5, 70) = 11.80, p
<.001, n? = .46, followed by Bonferroni pairwise
comparisons showed that all rats spent similar
amounts of time reaching criteria for the first three
VR schedule (all p>.1). However, the last three VR
schedule all took more time to reach criterion than
VR5 (all p<.001). There was no interaction effect
of running on learning VR schedule (p>.1).

To validate frustration during the last trial,
lever press rate was measured during the 30-minute
frustration trial in 5-minute intervals for all rats
(Figure 2B). A 2 x 6 (Running x Time) mixed-
factorial ANOVA showed a main effect of time,
F(5,70) =12.90, p<.001, n? = .48, with Bonferroni
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pairwise comparisons detailing that lever press rate
was slower at the end of the frustration trial than the
beginning for all rats (p=.003). There was no main
effect of running nor a Running x Time interaction
on lever press rate (p>.1), suggesting that all rats
extinguished similarly during the frustration trial.

To determine if frustrative-nonreward dif-
ferentially affects anxiety-like behavior in running
and control rats, time exploring the center of an
open field test was compared between running
and control rats after both the first VR20 and
frustration trials (Figure 2C). A 2 x 2 (Running x
Frustration) mixed-factorial ANOVA showed no
main effects of either running or anxiety trial on
exploration through the open field. However, a
marginal interaction effect, (1, 14) = 3.43, p=.085,
n?=.20, followed by simple effects analyses showed
that control rats had an increase in anxiety-like
behavior from VR20 to frustration trial by explor-
ing the center of the open field less, #(7) = 4.84,
p=.002, whereas running rats had no increase in
anxiety-like behavior, #(7) =-0.24, p=.82. This effect
on exploration was not due to general locomotion
because there were no main effects of running and
anxiety trial, nor an interaction on total explora-
tion through the open field, depicted by the total
number of grid crossings during the test (all ps >
.1, see Figure 2D).

Running Decreases Frustration-Elicited
Corticosterone Release and Increases Dendritic
Spines Throughout the Hippocampus

To identify a possible biological mechanism for dif-
ferences in anxiety-like behavior, blood was drawn
from a subset of rats after both open field tests and
examined for corticosterone levels (Figure 3A).
A 2 x 2 (Running x Frustration) mixed-factorial
ANOVA did not yield a main effect of frustration
nor an interaction effect (p>.1), but running rats
had significantly less corticosterone overall than
control rats, F(1, 8) =7.29, p=.027, ? = .48. Simple
effects analyses showed that this main effect was
entirely driven by corticosterone levels after the
frustration trial, when running rats had significantly
less corticosterone than control rats, #(8) = 3.31, p=
.011, whereas running and control rats had similar
corticosterone levels following VR20 trial, #(8) =
0.82, p=.44.

Because the hippocampus provides negative
feedback onto the hypothalamic pituitary adrenal
(HPA) axis stress response (Herman & Cullinan,
1997), we measured dendritic spines throughout
the hippocampus in the brains of a subset of both

running and control rats (Figure 3B). Independent-
samples ¢ tests were conducted and in all three
regions of the hippocampus measured (DG, CA3,
and CAl), running rats had increased spine density
compared to control rats: DG, t(4) =-8.21, p=.001,
n® =.94; CA3, #(4) =-3.39, p=.027,n?* = .74; CAl,
#(4) =-3.42, p=.027,1? = .75.

Discussion

In the present study, we investigated the effects
of exercise on frustration-induced anxiety-like
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Figure 2A. Running rats progressed through variable ratio schedules more quickly, especially
during later schedule with higher motivation.

Figure 2B. All rats, independent of exercise, extinguished lever pressing behavior during the
frustration trial.

Figure 2C. Sedentary rats displayed more anxiety-like behavior by exploring the center of the
open field less, however runners were buffered from this response.

Figure 2D. All rats explored the open field as a whole similarly.

*p < .05 compared to control or beginning of frustration trial. All graphs represent means+SEM.
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Figure 3A. Running rats had lower corticosterone release during open field exploration, especially
following the frustration trial.

Figure 3B. Running increased dendritic spine density within the dentate gyrus (DG), CA3, and CA1
regions of the hippocampus.

*p < .05 compared to control. All graphs represent means+SEM.
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behavior in rats and potential mechanisms mediat-
ing these effects. All rats were trained to lever press
at high rates for reward following a progressively
increasing VR schedule.

Although runners performed moderately
faster than control rats, all rats reached criterion
for learning the VR20 schedule. To induce frustra-
tion, all rats were put into a nonrewarded trial for
30 minutes, during which all rats, regardless of
experimental group, extinguished lever pressing
behavior, suggesting that all rats experienced
nonreward similarly. Importantly, a few days before
the frustration trial, runner and control rats showed
similar anxiety-like behavior in the open field test
and corticosterone levels in blood serum follow-
ing a rewarded operant trial. However, after the
frustration trial, control rats displayed more anxious
behavior and had increased blood corticosterone
levels, compared to runners. In a subset of these
rats, dendritic morphology was analyzed in the
hippocampus, and runners were found to have
widespread increases in dendritic spine density
in each major subregion of the hippocampus,
providing a possible biological mechanism for the
exercise effects on stress and anxiety-like behavior.
Together, these effects suggest that wheel running
rats have a blunted stress response to frustration,
which may act toward a prevention of anxiety-like
behavior following frustrating events.

Effects of Running on Operant and

Anxiety-Like Behavior

Wheel running in rodents is commonly utilized
as a rodent model of human exercise. Similar to
anxiolytic actions of physical exercise in human
patients (Anderson & Shivakumar, 2013; Carek,
Laibstain, & Carek, 2011; Salmon, 2001), wheel run-
ning decreased basal anxiety-like behavior in both
unstressed and chronically stressed experimental
rodents across many studies (Fulk et al., 2004;
Lapmanee etal., 2013; Schoenfeld etal., 2014). In
addition, running prevented increases in anxiety-
like behavior following both physical and social
stressors (Greenwood et al., 2013; Lapmanee et al.,
2017; Patki et al., 2014), concluding that exercise
can buffer the effects of environment stress. Our
findings extend this literature by suggesting that
wheel running prevented frustration-induced anx-
ious behavior in rats. Frustration-induced emotional
changes have been compared similarly to anxious
behaviors (Gray, 1978), suggesting that similar
mechanisms work to reduce emotional behaviors in
running rats following stressful or frustrating events

Exercise Effects on Frustration-Induced Anxiety | Taylor, Ficzere, St. Louis, and Schoenfeld

One additional explanation is that exercised
rats were less frustrated following removal of a
reward because of enhanced motivated behavior,
and therefore their emotional behavior was less
affected. Running rats in our study demonstrated
enhanced motivation because they were faster to
reach criterion across different VR schedules, but
also progressed from one VR level to the next more
quickly than sedentary controls. Long-Evans rats
given access to running wheels overate following
a period of caloric restriction (Evans, Messina,
Knight, Parsons, & Overton; 2005), which sug-
gests that our running rats, on food restriction
for operant training, may rebound by being more
motivated to lever press for food when given
the chance. Although the internal state of rats
is impossible to determine, both sedentary and
running rats behaved in the same manner during
the frustration trial, which serves as an important
manipulation check. Both rats lever pressed at a
high rate at the beginning of the frustration trial
and extinguished lever pressing behavior as the trial
continued. Therefore, even if running rats were
more motivated to lever press for reward, they were
not hypermotivated to the point of ignoring the
nonreward case. Assuming both running and sed-
entary rats notice the lack of reward, only running
rats were prevented from this frustrating situation
impacting their emotional behavior.

Interestingly, exercised rats were no less
anxious than controls when tested in the open
field test after the VR20 trial, despite having run
for four weeks by that point. Other studies have
shown that four weeks of running was sufficient to
be anxiolytic in rodents (Binder, Droste, Ohl, &
Reul, 2004; Salam et al., 2009), although we only
showed differences due to exercise following the
frustration trial. One difference in our study is
that all rats were trained to lever press for reward
in addition to just running or being sedentary.
Although reported research is unclear whether
instrumental reward learning produces changes in
anxiety-like behavior in rodents, one well-regarded
theory of the anxiolytic effects of exercise is that it
is dependent on the rewarding nature of running
in rodents (Brené etal., 2007). Many forms of exer-
cise (forced and voluntary, wheel and treadmill)
produced anxiolytic responses, activated reward
circuitry in the brain, and produced conditioned
place preference to running arenas, indicative of
reward value (Greenwood et al., 2011; Herrera
et al., 2016). Therefore, because of the reward-
ing nature of operant training, it is possible that
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sedentary rats have less anxiety-like behavior than
expected. Importantly, despite no difference
in baseline anxiety-like behavior, sedentary rats
displayed increased anxiety-like behavior following
frustration, which was prevented by chronic exer-
cise. Although we measured anxiety-like behavior
in the open field test, this test measures avoidance
behavior in only one domain, exploration of a
novel arena. Exploration through the center of
the field is accepted to reflect anxious behavior
in the open field; however, some other factors
are worth considering as potential confounds.
First, increased exploration in the open field may
not reflect anxiety but may just reflect increased
activity levels because of wheel running behavior.
Second, one potential caveat in repeated open
field testing is the use of fine-grade sandpaper as a
tactile component on the second test that may add
a stressful component to that specific test compared
to the first test with a smooth floor. To address this
second factor, although home cage sandpaper
flooring (instead of normal sawdust bedding) is
slightly aversive to rodents (Tokunaga etal., 2007),
sandpaper flooring is commonly used in behavioral
tests to manipulate tactile textures without affect-
ing behavior by sandpaper alone (Brydges & Hall,
2017). In addition, the smooth floor of the open
field for the first test has a glossy finish that reflects
light, so any anxiogenic qualities of sandpaper
would be outweighed by increased reflection of
aversive light in the first test. Importantly for both
potential confounds, total exploration, defined by
the number of grid crossings throughout the arena,
did not change as a result of running or arena
floor, suggesting that neither of these variables
influenced general locomotion throughout the
arena. The only exploration that was changed was
into the more threatening parts of the field, the
center, so we are confident that behavioral differ-
ences between running and control rats following
frustration reflect anxiety-like behavior. In future
studies, counterbalancing of open field arena
configuration would be helpful to fully eliminate
any contextual element of the second open field
from potentially increasing anxiety-like behavior
on its own. Last, other tests of anxiety-like behavior,
the elevated plus-maze and light-dark box, utilize
more salient threats, namely height and intense
white light (Lezak, Missig, & Carlezon, 2017).
Comparatively, it is possible that the open field is
an anxiety test that is less sensitive to environmental
stressors like frustration. In addition, other anxiety
tests measure more defensive behaviors such as the

marble burying test and acoustic startle. Therefore,
future studies should utilize various anxiety tests
measuring both avoidance and defensive behaviors
to capture the whole effects of frustration and
exercise on anxiety-like behaviors in rats.

Impact of Stress Processing and

the Hippocampus on Behavior

Frustration induced an increase in corticosterone
in sedentary rats, but not running rats, mirroring
changes in anxiety-like behavior. Previous research
showed that a frustration effect elicited activation
of the HPA axis stress response through increased
release of corticosterone (Goldman, Coover,
& Levine, 1973; Romero, Levine, & Sapolsky,
1995). Although open field exploration released
corticosterone on its own (Campbell, Morrison,
Walker, & Merchant, 2004), prior stress further
increased corticosterone, negatively correlating
with exploratory activity (Marin, Cruz, & Planeta,
2007). This suggests that increased corticosterone
released through frustration acts as a stressor with
potential causative effects on anxiety-like behavior.
Although the previous study (Marin et al., 2007)
described a correlational relationship between
glucocorticoid release and anxiety-like behavior,
pharmacological activation of the HPA axis through
injections of corticotropin-releasing hormone
(CRH) is anxiogenic. Global injections of CRH
decreased exploratory and anxiety-like behavior
in the open field when it is novel and under bright
light conditions (Koob & Thatcher-Britton, 1985;
Kumar & Karanth, 1996; Valdez et al., 2002). In
addition, through a host of studies using agonist
and antagonist drugs (see review by Lalonde &
Strazielle, 2017), it is a central tenet that activation
of the HPA axis produces anxiety-like behavior in
the open field.

Similar to our findings, previous research
suggested that rodent exercise not only reduced
stress-elicited anxiety-like behavior, but prevented
corticosterone increases measured 30 minutes later
(Benaroya-Milshtein et al., 2004). One potential
mechanism for this corticosterone difference is that
exercise quickened the reduction of corticosterone
levels following activation of the HPA axis during
stress (Hare etal., 2014). Following this, itis known
that the hippocampus functions as a negative feed-
back loop onto the HPA axis, inhibiting HPA axis
activity following its activation (Herman & Cullinan,
1997). Therefore, alterations in the hippocampus
through long-term exercise provide one mechanism
to affect responses to environmental stressors.
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To directly examine this, we measured den-
dritic spine density of granule and pyramidal
neurons within the DG and regions CA3 and CAl
of the hippocampus as an indicator of hippocampal
growth. Like previous studies, we found robust
increases in dendritic spines within all subregions
of the hippocampus (Eadie et al., 2005; Lin et al.,
2012; Stranahan et al., 2007). Although increases in
dendritic spines in the hippocampus were typically
correlated with memory enhancements (Sorra &
Harris, 2000), they should enhance other functions
of the hippocampus, like negative feedback of the
HPA axis as well. Indeed, an inverse relationship
between dendritic spines in the hippocampus and
stress-induced corticosterone is typically reported
in the literature. Stress resulted in spine loss and
elevated corticosterone (Magarinos, McEwen,
Fligge, & Fuchs, 1996), whereas enrichment
increased spine density and decreased corticoste-
rone response (Hutchinson etal., 2012). Therefore,
induced growth of hippocampal dendritic spines
through exercise may be sufficient to prevent
negative effects of frustration by inhibiting HPA
axis activation during frustrating situations.

Limitations

Only a subset of rats was used to measure corti-
costerone response and dendritic spine density
in running and control rats due to budgetary and
time constraints, potentially limiting the power
and reliability of these specific findings in relation
to behavior. However, moderate running effect
sizes for corticosterone data, notably a highly vari-
able measure (Segar, Kasckow, Welge, & Herman,
2009), and robust effect sizes for hippocampal
spine density in running rats, a reliable finding
in the literature, suggest that these effects are
strong, despite the limited sample size. The big-
gest limitation with these subsets, then, was the
inability to run correlational analyses to determine
if dendritic spine density was negatively correlated
with corticosterone release and positively correlated
with exploratory behavior in the open field within
each experimental condition separately. However,
group differences suggested this correlation to be
a strong possibility and future experiments should
investigate this in greater depth.

Additionally, it would be informative to ana-
lyze the correlation between individual rat wheel
running distances and our dependent measures
to determine if running is an all-or-none effect
or graded, depending on the amount of exercise
exerted. However, because rats were group housed,
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it is impossible to quantitate actual individual rat
running distances. Research suggested that the
positive neurological effects of wheel running was
prevented by social isolation housing (Stranahan,
Khalil, & Gould, 2006), so group housing was
purposefully chosen to maintain positive effects of
wheel running. Although this makes it difficult to
determine if all rats ran the same amount, quali-
tatively we observed all rats taking turns running,
and even having multiple rats running at a time, so
it is possible the wheel running distances actually
underestimate the average individual distance for
given rats. Future research may be able to utilize
activity-tracking technology (Freund etal., 2013) to
keep group housing of rats but track individual run-
ning distances to perform these sorts of analyses.

Similar to this, we were only able to test the
relationships between running, corticosterone,
hippocampus structure, and anxiety-like behavior
following frustration. Although running rats were
less anxious, had lower corticosterone in their
blood, and increased dendritic spines throughout
the hippocampus, this does not mean that changes
in hippocampal structure and/or corticosterone
release caused changes in anxiety-like behavior.
Manipulating dendritic spines within the hip-
pocampus without affecting other processing is
currently unattainable in neuroscience methods.
However, experiments can be performed that
directly manipulate HPA axis function. To address
this issue, adrenalectomized (ADX) rats given
low-dose corticosterone replacement treatment in
drinking water allows for baseline corticosterone
levels to be present without stress-induced increases
in corticosterone following activation of the HPA
axis. Comparing ADX rats to sham controls would
allow us to test whether increases in corticosterone
are what causes the increase in anxiety-like behavior
following a frustrating event. Although beyond the
scope of the present study, future studies should
look to investigate this.

Due to limitations in rodent colony room avail-
ability, we were only able to measure our effects in
male rats, so we are unable to generalize our results
to female rats. Wheel running reduced anxiety-like
behavior and corticosterone release in female rats
(Jones, Gupton, & Curtis, 2016; Robinson, Christ,
Cahill, Aldrich, & Taylor-Yeremeeva, 2019). How-
ever, corticosterone responses in male and female
rats differed following environmental manipula-
tions (Kent et al., 2017). To our knowledge, no
studies have been conducted on frustration-induced
anxious behavior in female rats, so it would be
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interesting to see if there are sex differences in
anxiety-like responses to emotional experiences,
given reliable sex differences in stress responses to
emotional stressors in humans (Kirschbaum, Wiist,
& Hellhammer, 1992).

Last, another potential limitation is the dif-
ficulty in dissociating anxiolytic effects of running
from potential anxiolytic effects of instrumental
learning using reward. Because both running
and sedentary rats displayed similar anxiety-like
behavior following VR20, it is possible that lever
pressing for reward has similar anxiolytic properties
as running, at least at baseline and when rats are
sated. Although future experiments should specifi-
cally test whether the rewarding nature of operant
conditioning produces anxiolytic responses, we
are confident that our results showed that running
does cause rats to be more resilient toward environ-
mental stressors, allowing for greater exploration
despite frustrating circumstances. The impacts of
exercise on stress resilience are well-known (Kochi
etal., 2017; Sciolino et al., 2015), and this resilience
allows rats to remain active and adaptive to chang-
ing environments.

Conclusion

This study utilized wheel running as a rodent model
of exercise to investigate the effects of exercise in
preventing anxiety-like behavior in rats following
an emotionally stressful situation. We found that
running caused a decrease in anxious behavior
following frustration, coinciding with lower stress
hormone release and increased dendritic spine
density in the hippocampus. Overall, the results sug-
gested that exercise buffers an anxiety-like response
following a frustrating situation in rats and that
this effect may be mediated by inhibition of stress
hormones and dendritic spine changes within the
hippocampus. These findings extend the literature
on the anxiolytic effects of exercise and broaden
the types of environmental experiences that reliably
elicit anxious behavior in rodents. From an etho-
logical viewpoint, rats demonstrating less anxious
behavior in the open field following frustration may
correspond to increased exploratory behavior in
the wild despite previous exposure to unrewarding
situations. For a sedentary rat, acting cautiously in
a new environment after failing to find a reward is
not adaptive nor conducive to proactive foraging
behavior needed to survive in the wild, so exercise
reflects adaptive behavior attributed to strong
hippocampal functioning (Glasper, Schoenfeld, &
Gould, 2012). These findings also implicate aerobic

activity as a potential stress buffer for frustrating and
unrewarding experiences for people worldwide.
Frustration has been linked with aggression, anxiety
disorders, and clinical depression (Harrington,
2006; Hokanson, 1961), so these findings extend
exercise as a potential therapeutic intervention to
decrease effects of frustration.

References

Adhikari, A, Topiwala, M. A,, & Gordon, J. A. (2010). Synchronized activity
between the ventral hippocampus and the medial prefrontal cortex during
anxiety. Neuron, 65(2), 257-269. https://doi.org/10.1016/j.neuron.2009.12.002

Anderson, E. H, & Shivakumar, G. (2013). Effects of exercise and physical
activity on anxiety. Frontiers in Psychiatry, 4, 21.
https://doi.org/10.3389/fpsyt.2013.00027

Bandelow, B, & Michaelis, S. (2015). Epidemiology of anxiety disorders in the
21st century. Dialogues in Clinical Neuroscience, 17, 327-335. Retrieved
from https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4610617/pdf/
DialoguesClinNeurosci-17-327.pdf

Benaroya-Milshtein, N, Hollander, N., Apter, A., Kukulansky, T, Raz, N., Wilf,

A, ...Pick, C.G. (2004). Environmental enrichment in mice decreases
anxiety, attenuates stress responses and enhances natural killer cell
activity. European Journal of Neuroscience, 20,1341-1347,
https://doi.org/10.1111/j.1460-9568.2004.03587.x

Binder, E, Droste, S. K., Ohl, F, & Reul, J. M. (2004). Regular voluntary exercise
reduces anxiety-related behaviour and impulsiveness in mice. Behavioural
Brain Research, 155,197-206. https://doi.org/10.1016/j.bbr.2004.04.017

Brené, S., Bjornebekk, A, Aberg, E, Mathé, A. A, Olson, L., & Werme, M. (2007).
Running is rewarding and antidepressive. Physiology and Behavior, 92,
136-140. https://doi.org/10.1016/j.physbeh.2007.05.015

Brotman, M. A, Kircanski, K,, Stringaris, A,, Pine, D. S,, & Leibenluft, E.

(2017). Irritability in youths: A translational model. American Journal of
Psychiatry, 174, 520-532. https://doi.org/10.1176/appi.ajp.2016.16070839

Brydges, N. M., & Hall, L. (2017). A shortened protocol for assessing cognitive
bias in rats. Journal of Neuroscience Methods, 286,1-5.
https://doi.org/10.1016/j.jneumeth.2017.05.015

Burokas, A., Gutiérrez-Cuesta, J, Martin-Garcia, E.,, & Maldonado, R. (2012).
Operant model of frustrated expected reward in mice. Addiction Biology, 17,
770-782. https://doi.org/10.1111/j.1369-1600.2011.00423

Campbell, B. M., Morrison, J. L., Walker, E. L., & Merchant, K. M. (2004).
Differential regulation of behavioral, genomic, and neuroendocrine
responses by CRF infusions in rats. Pharmacology Biochemistry and
Behavior, 77, 447-455. https://doi.org/10.1016/j.pbb.2003.12.010

Carek, P.J, Laibstain, S. E., & Carek, S. M. (2011). Exercise for the treatment
of depression and anxiety. The International Journal of Psychiatry in
Medicine, 41,15-28. https://doi.org/10.2190/pm.41.1.c

Cuenya, L., Fosacheca, S, Mustaca, A, & Kamenetzky, G. (2012). Effects
of isolation in adulthood on frustration and anxiety. Behavioural
Processes, 90,155-160. https://doi.org/10.1016/j.beproc.2012.01.003

Eadie, B. D, Redila, V. A, & Christie, B. R. (2005). Voluntary exercise alters
the cytoarchitecture of the adult dentate gyrus by increasing cellular
proliferation, dendritic complexity, and spine density. Journal of
Comparative Neurology, 486, 39-47. https://doi.org/10.1002/cne.20493

Evans, S. A, Messina, M. M, Knight, W. D,, Parsons, A. D., & Overton, J. M.

(2005). Long-Evans and Sprague-Dawley rats exhibit divergent responses
to refeeding after caloric restriction. American Journal of Physiology:
Regulatory, Integrative and Comparative Physiology, 288, R1468-R1476.
https://doi.org/10.1152/ajpregu.00602.2004

Flaherty, C. F. (1990). Effect of anxiolytics and antidepressants on extinction
and negative contrast. Pharmacology and Therapeutics, 46, 309-320.
https://doi.org/10.1016/0163-7258(90)90097-1

Frenkel, T.1, Fox, N. A, Pine, D. S, Walker, 0. L., Degnan, K. A, & Chronis-Tuscano,
A. (2015). Early childhood behavioral inhibition, adult psychopathology
and the buffering effects of adolescent social networks: A twenty-year
prospective study. Journal of Child Psychology and Psychiatry, 56,1065-
1073. https://doi.org/10.1111/jcpp.12390

Freund, J, Brandmaier, A. M., Lewejohann, L, Kirste, I,, Kritzler, M, Kriiger, A, ...
Kempermann, G. (2013). Emergence of individuality in genetically identical

COPYRIGHT 2019 BY PSI CHI, THE INTERNATIONAL HONOR SOCIETY IN PSYCHOLOGY (VOL. 24, NO. 4/ISSN 2325-7342)

WINTER 2019

PSI CHI
JOURNAL OF
PSYCHOLOGICAL
RESEARCH

219


https://doi.org/10.1016/j.neuron.2009.12.002
https://doi.org/10.3389/fpsyt.2013.00027
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4610617/pdf/DialoguesClinNeurosci-17-327.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4610617/pdf/DialoguesClinNeurosci-17-327.pdf
https://doi.org/10.1111/j.1460-9568.2004.03587.x
https://doi.org/10.1016/j.bbr.2004.04.017
https://doi.org/10.1016/j.physbeh.2007.05.015
https://doi.org/10.1176/appi.ajp.2016.16070839
https://doi.org/10.1016/j.jneumeth.2017.05.015
https://doi.org/10.1111/j.1369-1600.2011.00423.x
https://doi.org/10.1016/j.pbb.2003.12.010
https://doi.org/10.2190/pm.41.1.c
https://doi.org/10.1016/j.beproc.2012.01.003
https://doi.org/10.1002/cne.20493
https://doi.org/10.1152/ajpregu.00602.2004
https://doi.org/10.1016/0163-7258(90)90097-l
https://doi.org/10.1111/jcpp.12390

WINTER 2019

PSI CHI
JOURNAL OF
PSYCHOLOGICAL
RESEARCH

220

mice. Science, 340(6133), 756-759. https://doi.org/10.1126/science.1235294

Fulk, L. J, Stock, H. S, Lynn, A, Marshall, J, Wilson, M. A,, & Hand, G. A.
(2004). Chronic physical exercise reduces anxiety-like behavior in
rats. International Journal of Sports Medicine, 25, 78-82.
https://doi.org/10.1055/5-2003-45235

Glasper, E. R, Schoenfeld, T. ), & Gould, E. (2012). Adult neurogenesis:
Optimizing hippocampal function to suit the environment. Behavioural
Brain Research, 227, 380-383. https://doi.org/10.1016/j.bbr.2011.05.013

Goldman, L., Coover, G. D,, & Levine, S. (1973). Bidirectional effects of
reinforcement shifts on pituitary adrenal activity. Physiology and
Behavior, 10, 209-214. https://doi.org/10.1016/0031-9384(73)90299-0

Gorman, J. M. (2003). New molecular targets for antianxiety interventions. The
Journal of clinical psychiatry, 64, 28-35. Retrieved from
https://psycnet.apa.org/record/2003-03224-007

Gray, J. A. (1978). The neuropsychology of anxiety. British Journal of
Psychology, 69, 417-434. https://doi.org/10.1111/.2044-8295.1978.tb02118.x

Greenwood, B. N,, Foley, T. E, Le, T. Vi, Strong, P. V, Loughridge, A. B, Day, H. E., &
Fleshner, M. (2011). Long-term voluntary wheel running is rewarding and
produces plasticity in the mesolimbic reward pathway. Behavioural Brain
Research, 217, 354-362. https://doi.org/10.1016/j.bbr.2010.11.005

Greenwood, B. N., Spence, K. G., Crevling, D. M, Clark, P. ], Craig, W. C, &
Fleshner, M. (2013). Exercise-induced stress resistance is independent of
exercise controllability and the medial prefrontal cortex. European Journal
of Neuroscience, 37, 469-478. https://doi.org/10.1111/ejn.12044

Hare, B. D, Beierle, J. A, Toufexis, D. J, Hammack, S. E., & Falls, W. A. (2014).
Exercise-associated changes in the corticosterone response to acute
restraint stress: Evidence for increased adrenal sensitivity and reduced
corticosterone response duration. Neuropsychopharmacology, 39,1262-
1269. https://doi.org/10.1038/npp.2013.329

Harrington, N. (2006). Frustration intolerance beliefs: Their relationship with
depression, anxiety, and anger, in a clinical population. Cognitive Therapy
and Research, 30, 699-709. https://doi.org/10.1007/510608-006-9061-6

Herman, J. P, & Cullinan, W. E. (1997). Neurocircuitry of stress: Central
control of the hypothalamo-pituitary-adrenocortical axis. Trends in
Neurosciences, 20, 78-84. https://doi.org/10.1016/s0166-2236(96)10069-2

Herrera, J. J, Fedynska, S, Ghasem, P. R, Wieman, T, Clark, P. ], Gray, N,,..
. Greenwood, B. N. (2016). Neurochemical and behavioural indices of
exercise reward are independent of exercise controllability. European
Journal of Neuroscience, 43,1190-1202. https://doi.org/10.1111/ejn.13193

Hokanson, J. E. (1961). The effects of frustration and anxiety on overt
aggression. The Journal of Abnormal and Social Psychology, 62, 346-351.
https://doi.org/10.1037/h0047937

Hutchinson, K. M., McLaughlin, K. J,, Wright, R. L., Ortiz, J. B, Anouti, D. P, Mika,
A, ...Conrad, C.D. (2012). Environmental enrichment protects against
the effects of chronic stress on cognitive and morphological measures of
hippocampal integrity. Neurobiology of Learning and Memory, 97, 250-260.
https://doi.org/10.1016/j.nlm.2012.01.003

Jimenez, J. C, Su, K., Goldberg, A. R, Luna, V. M, Biane, J. S, Ordek, G., ..
. Paninski, L. (2018). Anxiety cells in a hippocampal-hypothalamic
circuit. Neuron, 97, 670-683. https://doi.org/10.1016/j.neuron.2018.01.016

Jones, A. B, Gupton, R, & Curtis, K. S. (2016). Estrogen and voluntary exercise
interact to attenuate stress-induced corticosterone release but not
anxiety-like behaviors in female rats. Behavioural Brain Research, 311,
279-286. https://doi.org/10.1016/j.bbr.2016.05.058

Keenan, A, & Newton, T. J. (1984). Frustration in organizations: Relationships to
role stress, climate, and psychological strain. Journal of Occupational and
Organizational Psychology, 57, 57-65.
https://doi.org/10.1111/j.2044-8325.1984.th00148 x

Kent, M, Bardi, M., Hazelgrove, A, Sewell, K., Kirk, E.,, Thompson, B,, ...
Lambert, K. (2017). Profiling coping strategies in male and female rats:
Potential neurobehavioral markers of increased resilience to depressive
symptoms. Hormones and Behavior, 95, 33-43.
https://doi.org/10.1016/j.yhbeh.2017.07.011

Kessler, R. C, & Greenberg, P. E. (2002). The economic burden of anxiety and
stress disorders. Neuropsychopharmacology: The Fifth Generation of
Progress, 67,982-992. Retrieved from
https://acnp.org/wp-content/uploads/2017/11/ch67_981-992.pdf

Kessler, R. C,, Petukhova, M., Sampson, N. A, Zaslavsky, A. M., & Wittchen, H. U.
(2012). Twelve-month and lifetime prevalence and lifetime morbid risk of
anxiety and mood disorders in the United States. International Journal of
Methods in Psychiatric Research, 21,169-184.

Exercise Effects on Frustration-Induced Anxiety | Taylor, Ficzere, St. Louis, and Schoenfeld

https://doi.org/10.1002/mpr.1359

Kheirbek, M. A,, Drew, L. ), Burghardt, N. S,, Costantini, D. 0., Tannenholz, L.,
Ahmari, S.E, ... Hen, R. (2013). Differential control of learning and anxiety
along the dorsoventral axis of the dentate gyrus. Neuron, 77,955-968.
https://doi.org/10.1016/j.neuron.2012.12.038

Kirschbaum, C., Wist, S., & Hellhammer, D. (1992). Consistent sex differences in
cortisol responses to psychological stress. Psychosomatic Medicine, 54,
648-657. https://doi.org/10.1097/00006842-199211000-00004

Kochi, C, Liu, H, Zaidi, S,, Atrooz, F, Dantoin, P, & Salim, S. (2017). Prior treadmill
exercise promotes resilience to vicarious trauma in rats. Progress in
Neuro-Psychopharmacology and Biological Psychiatry, 77, 216-221.
https://doi.org/10.1016/j.pnpbp.2017.04.018

Koob, G. F, & Thatcher-Britton, K. (1985). Stimulant and anxiogenic effects
of corticotropin releasing factor. Progress in Clinical and Biological
Research, 192, 499-506. Retrieved from
https://europepmc.org/abstract/med/3878524

Kumar, K. B,, & Karanth, K. S. (1996). Alpha-helical CRF blocks differential
influence of corticotropin releasing factor (CRF) on appetitive and aversive
memory retrieval in rats. Journal of Neural Transmission, 103(8-9), 1117-1126.
https://doi.org/10.1007/bf01291796

Lalonde, R, & Strazielle, C. (2017). Neuroanatomical pathways underlying the
effects of hypothalamo-hypophysial-adrenal hormones on exploratory
activity. Reviews in the Neurosciences, 28, 617-648.
https://doi.org/10.1515/revneuro-2016-0075

Lapmanee, S, Charoenphandhu, J,, & Charoenphandhu, N. (2013). Beneficial
effects of fluoxetine, reboxetine, venlafaxine, and voluntary running
exercise in stressed male rats with anxiety-and depression-like
behaviors. Behavioural Brain Research, 250, 316-325.
https://doi.org/10.1016/}.bbr.2013.05.018

Lapmanee, S., Charoenphandhu, J, Teerapornpuntakit, J, Krishnamra, N,,

& Charoenphandhu, N. (2017). Agomelatine, venlafaxine, and running
exercise effectively prevent anxiety-and depression-like behaviors and
memory impairment in restraint stressed rats. PloS One, 12(11), e0187671.
https://doi.org/10.1371/journal.pone.0187671

Lezak, K. R, Missig, G., & Carlezon Jr, W. A. (2017). Behavioral methods to study
anxiety in rodents. Dialogues in Clinical Neuroscience, 19,181. Retrieved
from https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5573562/

Lin, . W, Chen, S.J, Huang, T. Y, Chang, C.Y, Chuang, J. 1, Wy, F.S,,.... Jen, C. J.
(2012). Different types of exercise induce differential effects on neuronal
adaptations and memory performance. Neurobiology of Learning and
Memory, 97,140-147. https://doi.org/10.1016/j.nIm.2011.10.006

Lister, R. G. (1990). Ethologically-based animal models of anxiety
disorders. Pharmacology and Therapeutics, 46, 321-340.
https://doi.org/10.1016/0163-7258(90)90021-s

Magarifios, A. M., McEwen, B. S,, Fliigge, G., & Fuchs, E. (1996). Chronic
psychosocial stress causes apical dendritic atrophy of hippocampal CA3
pyramidal neurons in subordinate tree shrews. Journal of Neuroscience, 16,
3534-3540. https://doi.org/10.1523/jneurosci.16-10-03534.1996

Marin, M. T, Cruz, F. C, & Planeta, C. S. (2007). Chronic restraint or variable
stresses differently affect the behavior, corticosterone secretion and body
weight in rats. Physiology and Behavior, 90, 29-35.
https://doi.org/10.1016/j.physbeh.2006.08.021

Meind|, P, Yu, A, Galla, B. M., Quirk, A, Haeck, C,, Goyer, J. P, ... Duckworth,

A. L. (2018). A brief behavioral measure of frustration tolerance predicts
academic achievement immediately and two years later. Emotion
(Washington, DC). https://doi.org/10.1037/em00000492

Morales, A, Torres, M. D. C, Megias, J. L., Candido, A, & Maldonado, A. (1992).
Effect of diazepam on successive negative contrast in one-way avoidance
learning. Pharmacology Biochemistry and Behavior, 43,153-157.
https://doi.org/10.1016/0091-3057(92)90651-u

Mustaca, A. E, Bentosela, M., & Papini, M. R. (2000). Consummatory successive
negative contrast in mice. Learning and Motivation, 31, 272-282.
https://doi.org/10.1006/Imot.2000.1055

Patki, G., Solanki, N., Atrooz, F, Ansari, A, Allam, F, Jannise, B, ... Salim, S.
(2014). Novel mechanistic insights into treadmill exercise based rescue of
social defeat-induced anxiety-like behavior and memory impairment in
rats. Physiology & Behavior, 130,135-144,
https://doi.org/10.1016/j.physbeh.2014.04.011

Prut, L., & Belzung, C. (2003). The open field as a paradigm to measure the
effects of drugs on anxiety-like behaviors: A review. European Journal of
Pharmacology, 463(1-3), 3-33.

COPYRIGHT 2019 BY PSI CHI, THE INTERNATIONAL HONOR SOCIETY IN PSYCHOLOGY (VOL. 24, NO. 4/ISSN 2325-7342)



https://doi.org/10.1126/science.1235294
https://doi.org/10.1055/s-2003-45235
https://doi.org/10.1016/j.bbr.2011.05.013
https://doi.org/10.1016/0031-9384(73)90299-0
https://psycnet.apa.org/record/2003-03224-007
https://doi.org/10.1111/j.2044-8295.1978.tb02118.x
https://doi.org/10.1016/j.bbr.2010.11.005
https://doi.org/10.1111/ejn.12044
https://doi.org/10.1038/npp.2013.329
https://doi.org/10.1007/s10608-006-9061-6
https://doi.org/10.1016/s0166-2236(96)10069-2
https://doi.org/10.1111/ejn.13193
https://doi.org/10.1037/h0047937
https://doi.org/10.1016/j.nlm.2012.01.003
https://doi.org/10.1016/j.neuron.2018.01.016
https://doi.org/10.1016/j.bbr.2016.05.058
https://doi.org/10.1111/j.2044-8325.1984.tb00148.x
https://doi.org/10.1016/j.yhbeh.2017.07.011
https://acnp.org/wp-content/uploads/2017/11/ch67_981-992.pdf
https://doi.org/10.1002/mpr.1359
https://doi.org/10.1016/j.neuron.2012.12.038
https://doi.org/10.1097/00006842-199211000-00004
https://doi.org/10.1016/j.pnpbp.2017.04.018
https://europepmc.org/abstract/med/3878524
https://doi.org/10.1007/bf01291796
https://doi.org/10.1515/revneuro-2016-0075
https://doi.org/10.1016/j.bbr.2013.05.018
https://doi.org/10.1371/journal.pone.0187671
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5573562/
https://doi.org/10.1016/j.nlm.2011.10.006
https://doi.org/10.1016/0163-7258(90)90021-s
https://doi.org/10.1523/jneurosci.16-10-03534.1996
https://doi.org/10.1016/j.physbeh.2006.08.021
https://doi.org/10.1037/emo0000492
https://doi.org/10.1016/0091-3057(92)90651-u
https://doi.org/10.1006/lmot.2000.1055
https://doi.org/10.1016/j.physbeh.2014.04.011

Taylor, Ficzere, St. Louis, and Schoenfeld | Exercise Effects on Frustration-Induced Anxiety

https://doi.org/10.1016/50014-2999(03)01272-x

Robinson, S., Christ, C. C., Cahill, M. M., Aldrich, S. J, & Taylor-Yeremeeva, E.
(2019). Voluntary exercise or systemic propranolol ameliorates stress-
related maladaptive behaviors in female rats. Physiology and Behavior, 198,
120-133. https://doi.org/10.1016/j.physbeh.2018.10.012

Romero, L. M, Levine, S., & Sapolsky, R. M. (1995). Adrenocorticotropin
secretagog release: stimulation by frustration and paradoxically by reward
presentation. Brain Research, 676, 151-156.
https://doi.org/10.1016/0006-8993(95)00111-3

Rossi, M. A, & Yin, H. H. (2012). Methods for studying habitual behavior in
mice. Current Protocols in Neuroscience, 8-29.
https://doi.org/10.1002/0471142301.ns0829s60

Salam, J. N,, Fox, J. H, DeTroy, E. M., Guignon, M. H.,, Wohl, D. F, & Falls, W.
A. (2009). Voluntary exercise in C57 mice is anxiolytic across several
measures of anxiety. Behavioural Brain Research, 197, 31-40.
https://doi.org/10.1016/j.bbr.2008.07.036

Salmon, P. (2001). Effects of physical exercise on anxiety, depression, and
sensitivity to stress: A unifying theory. Clinical Psychology Review, 2,
33-61. https://doi.org/10.1016/50272-7358(99)00032-x

Schoenfeld, T.J,, & Cameron, H. A. (2015). Adult neurogenesis and mental
iliness. Neuropsychopharmacology, 40,113-128.
https://doi.org/10.1038/npp.2014.230

Schoenfeld, T.J,, Kloth, A. D., Hsueh, B, Runkle, M. B, Kane, G. A, Wang, S.
S. H, & Gould, E. (2014). Gap junctions in the ventral hippocampal-
medial prefrontal pathway are involved in anxiety regulation. Journal of
Neuroscience, 34,15679-15688.
https://doi.org/10.1523/jneurosci.3234-13.2014

Schoenfeld, . J, Rada, P, Pieruzzini, P. R, Hsueh, B, & Gould, E. (2013). Physical
exercise prevents stress-induced activation of granule neurons and
enhances local inhibitory mechanisms in the dentate gyrus. Journal of
Neuroscience, 33, 7770-7777. https://doi.org/10.1523/jneurosci.5352-12.2013

Schumacher, A, Villaruel, F. R, Ussling, A, Riaz, S Lee, A. C., & Ito, R. (2018).
Ventral hippocampal CA1 and CA3 differentially mediate learned approach-
avoidance conflict processing. Current Biology, 28,1318-1324.
https://doi.org/10.1016/j.cub.2018.03.012

Sciolino, N. R, Smith, J. M,, Stranahan, A. M,, Freeman, K. G., Edwards,
G. L, Weinshenker, D, & Holmes, P. V.. (2015). Galanin mediates
features of neural and behavioral stress resilience afforded by
exercise. Neuropharmacology, 89, 255-264.
https://doi.org/10.1016/j.neuropharm.2014.09.029

Scull, J, Davies, K., & Amsel, A. (1970). Behavioral contrast and frustration
effect in multiple and mixed fixed-interval schedules in the rat. Journal of
Comparative and Physiological Psychology, 71, 478-483.
https://doi.org/10.1037/h0029160

Segar, T. M., Kasckow, J. W, Welge, J. A, & Herman, J. P. (2009). Heterogeneity
of neuroendocrine stress responses in aging rat strains. Physiology &
Behavior, 96, 6-11. https://doi.org/10.1016/j.physbeh.2008.07.024

Shireshan, E. (2013). Cost of illness study of anxiety disorders for the
ambulatory adult population of the United States. (Unpublished doctoral
dissertation). University of Tennessee Health Science Center, Memphis, TN.

https://doi.org/10.21007/etd.cghs.2013.0289

Sorra, K. E., & Harris, K. M. (2000). Overview on the structure, composition,
function, development, and plasticity of hippocampal dendritic
spines. Hippocampus, 10, 501-511. https://doi.org/10.1002/1098-
1063(2000)10:5%3C501::aid-hipo1%3E3.3.c0;2-k

Sousa, N, Lukoyanov, N. V., Madeira, M. D, Almeida, 0. F. X,, & Paula-Barbosa,
M. M. (2000). Reorganization of the morphology of hippocampal neurites
and synapses after stress-induced damage correlates with behavioral
improvement. Neuroscience, 97, 253-266.
https://doi.org/10.1016/s0306-4522(00)00050-6

Stranahan, A. M, Khalil, D,, & Gould, E. (2006). Social isolation delays the
positive effects of running on adult neurogenesis. Nature Neuroscience, 9,
526. https://doi.org/10.1038/nn1668

Stranahan, A. M, Khalil, D., & Gould, E. (2007). Running induces
widespread structural alterations in the hippocampus and entorhinal
cortex. Hippocampus, 17,1017-1022. https://doi.org/10.1002/hipo.20348

Tokunaga, S, Takeda, Y, Shinomiya, K., Yamamoto, W, Utsu, Y, Toide, K., & Kamei,
C. (2007). Changes of sleep patterns in rats with chronic constriction injury
under aversive conditions. Biological and Pharmaceutical Bulletin, 30,
2088-2090. https://doi.org/10.1248/bpb.30.2088

Valdez, G. R, Inoue, K., Koob, G. F, Rivier, J,, Vale, W, & Zorrilla, E. P. (2002).
Human urocortin II: Mild locomotor suppressive and delayed anxiolytic-
like effects of a novel corticotropin-releasing factor related peptide. Brain
Research, 943,142-150. https://doi.org/10.1016/s0006-8993(02)02707-5

Wigfield, A, & Meece, J. L. (1988). Math anxiety in elementary and secondary
school students. Journal of Educational Psychology, 80, 210-216.
https://doi.org/10.1037//0022-0663.80.2.210

Yang, C, Shirayama, Y, Zhang, J. C, Ren, Q, & Hashimoto, K. (2015). Regional
differences in brain-derived neurotrophic factor levels and dendritic spine
density confer resilience to inescapable stress. International Journal of
Neuropsychopharmacology, 18. https://doi.org/10.1093/ijnp/pyu12]

Author Note.]. Eason Taylor,
https://orcid.org/0000-0003-0067-7540, Department of
Psychology, Belmont University; Bailee Ficzere, Department
of Psychology, Belmont University; Jonathan St. Louis,
Department of Psychology and Neuroscience Program,
Belmont University; Timothy J. Schoenfeld,
https://orcid.org/0000-0001-7134-7296, Department of
Psychology and Neuroscience Program, Belmont University.
This study was supported by a Winter Undergraduate
Research Grant provided by Psi Chi, the International Honor
Society in Psychology, and internal research support from the
College of Science and Mathematics at Belmont University.
Special thanks to Psi Chi Journalreviewers for their support.
Correspondence concerning this article should be addressed
to Timothy J. Schoenfeld, 1900 Belmont Blvd, McWhorter Rm
413, Psychology, Belmont University, Nashville, TN, 37212.
E-mail: timothy.schoenfeld@belmont.edu

COPYRIGHT 2019 BY PSI CHI, THE INTERNATIONAL HONOR SOCIETY IN PSYCHOLOGY (VOL. 24, NO. 4/ISSN 2325-7342)

WINTER 2019

PSI CHI
JOURNAL OF
PSYCHOLOGICAL
RESEARCH

221


https://doi.org/10.1016/s0014-2999(03)01272-x
https://doi.org/10.1016/j.physbeh.2018.10.012
https://doi.org/10.1016/0006-8993(95)00111-3
https://doi.org/10.1002/0471142301.ns0829s60
https://doi.org/10.1016/j.bbr.2008.07.036
https://doi.org/10.1016/s0272-7358(99)00032-x
https://doi.org/10.1038/npp.2014.230
https://doi.org/10.1523/jneurosci.3234-13.2014
https://doi.org/10.1523/jneurosci.5352-12.2013
https://doi.org/10.1016/j.cub.2018.03.012
https://doi.org/10.1016/j.neuropharm.2014.09.029
https://doi.org/10.1037/h0029160
https://doi.org/10.1016/j.physbeh.2008.07.024
https://doi.org/10.21007/etd.cghs.2013.0289
https://doi.org/10.1002/1098-1063(2000)10:5%3C501::aid-hipo1%3E3.3.co;2-k
https://doi.org/10.1002/1098-1063(2000)10:5%3C501::aid-hipo1%3E3.3.co;2-k
https://doi.org/10.1016/s0306-4522(00)00050-6
https://doi.org/10.1038/nn1668
https://doi.org/10.1002/hipo.20348
https://doi.org/10.1248/bpb.30.2088
https://doi.org/10.1016/s0006-8993(02)02707-5
https://doi.org/10.1037//0022-0663.80.2.210
https://doi.org/10.1093/ijnp/pyu121
https://orcid.org/0000-0003-0067-7540
https://orcid.org/0000-0001-7134-7296

ADVERTISEMENT

Master of Arts in Psychdlogy

A Master’s degree in psychology can lead to a new or more rewarding career in health & human Graduate Studies at Central
services or a doctorate. Connecticut State University

Featuring flexible program scheduling, CCSU’s MA in Psychology offers three tracks
General Psychology

Highly flexible and tailored to students’ particular interests, the graduate program in General Psychology prepares graduates for careers in
human services or further graduate study.

Community Psychology
The program in Community Psychology prepares students to be active practitioners in prevention and community-based research. You can
take the lead in developing and implementing interventions against the onset of substance abuse, interpersonal violence, and depression.

Health Psychology
The only program of its kind in New England, the program in Health Psychology enables students to deeply understand biological, behavioral,

and social factors in health and illness and to develop interventions fostering health. Affordable, Accessible, Excellent

To learn more and apply: www.ccsu.edu/grad

ADVERTISEMENT

LOOKING FOR COLLABORATIVE RESEARCH EXPERIENCE?

Join the Psi Chi CROWD!

Students and faculty within the United States and beyond are
invited to participate in the CROWD, which is Psi Chi's annual,
guided cross-cultural research project. Specific benefits of joining
the CROWD include

= areduced burden of having to solicit large numbers of participants,

= increased diversity of student samples,

= accessible materials and protocols for participating researchers, and
= aconvenient platform to engage students in the scientific research process.

Contributing to the CROWD provides unique data
collection and publication experiences that can
be used to strengthen any student’s CV.

WINTER 2019
PSI CHI For more information, visit https://www.psichi.org/Res_Opps PSI CHI
g . or contact the NICE Chair, Megan Irgens, at nicechair@psichi.org. JOURNAL OF
PSYCHOLOGICAL
RESEARCH

COPYRIGHT 2019 BY PSI CHI, THE INTERNATIONAL HONOR SOCIETY IN PSYCHOLOGY (VOL. 24, NO. 4/ISSN 2325-7342) 287


http://www.ccsu.edu/grad
https://www.psichi.org/Res_Opps
mailto:nicechair%40psichi.org?subject=

ADVERTISEMENT

Gain Valuable Research Experience With Psi Chi!

Students and faculty are invited to visit Psi Chi’s free Conducting Research online resource at
www.psichi.org/page/ConductingResearch. Here are three ways to get involved:

Join a Collaborative
Research Project
www.psichi.org/page/Res_Opps
With Psi Chi’s Network for
International Collaborative
Exchange (NICE), you can join
the CROWD and answer a
common research question

with researchers internationally.

You can also CONNECT with a
network of researchers open
to collaboration.

Recruit Online Participants
for Your Studies
www.psichi.org/page/study_links

Psi Chi is dedicated to helping
members find participants to
their online research studies.
Submit a title and a brief
description of your online
studies to our Post a Study Tool.
We regularly encourage our
members to participate in all
listed studies.

ADVERTISEMENT

Explore Our Research
Measures Database
www.psichi.org/page/
researchlinksdesc

This database links to

various websites featuring
research measures, tools, and
instruments. You can search for
relevant materials by category
or keyword. If you know of
additional resources that could
be added, please contact
research.director@psichi.org

Become a Journal Reviewer!

Debi.Brannan@psichi.org

e

COPYRIGHT 2019 BY PSI CHI, THE INTERNATIONAL HONOR SOCIETY IN PSYCHOLOGY (VOL. 24, NO. 4/ISSN 2325-7342)



http://www.psichi.org/page/Res_Opps
http://www.psichi.org/page/study_links
http://www.psichi.org/page/researchlinksdesc
http://www.psichi.org/page/researchlinksdesc
https://www.psichi.org/page/ConductingResearch
mailto:Debi.Brannan%40psichi.org?subject=

ADVERTISEMENT

PSI CHI Advertising Contract: Psi Chi Journal

CLIENT INFORMATION

Advertiser

OUR JOURNAL

Advertising in Psi Chi Journal allows you to
connect with established psychology researchers
and mentors, as well as undergraduates and

Contact Name

graduate students striving to build a career in one
of the many areas of research. People regularly
visit our journal online to

Address | Street or P.0. Box

view current and past issues,

submit their research for publication,

learn about reviewing for Psi Chi Journal, and
share invited editorials as teaching tools in

City | State | Zip | Country

the classroom.

All issues and advertisements are permanently
free online to both members and nonmembers

Phone (daytime)

E-mail alike. During the 201718 fiscal year, psichi.org
received almost 1.5 million page views, ensuring

that high-achieving students and professionals

Submitted by

will see your content for years to come.

To further enhance the visibility of our journal,
latest issues and calls for submissions are

Authorized Signature

regularly featured in Psi Chi Digest e-mails
(177,000+ subscribers) and on our four social
media platforms.

DIGITAL PUBLICATIO

Please read our Privacy Policy at https://www.psichi.org/general/custom.asp?page=PrivacyPolicy

Facebook (22,500+ followers)
Twitter (4,700+ followers)
LinkedIn (10,200+ followers)
Instagram (1,000+ followers)

[ Spring
(deadline Jan 31)
online Feb 22

Articles are also indexed in PsycINFO, EBSCO,
and Crossref databases—essential tools

that researchers use to search for millions of
psychology-related articles. This makes Psi

[ Fall
(deadline Sept 3)
online Sept 28

[ Summer
(deadline April 15)
online May 17

[ Winter
(deadline Nov 15)
online Dec 14

Size/Dimensions

Chi Journal a key place to communicate your
message with our Professional Organization’s

[ Full page (no bleed)
6%" x 9"

Cost: $400
Black & White only

Cost: $275
Black & White only

[ Half page (horizontal)
6%"x4%"

three quarters of a million lifetime members
and far beyond.

P&ichological
yResea%ch

FivYin©

Stay connected with PSI CHI
www.psichi.org

PSI@HCHI

AD SPECIFICATIONS

Digital format: PDF, EPS, and TIFF

Resolution : 300 dpi | B&W line art—1,200 dpi
Black & white ads (no RGB or 4-color process)
PDF settings: Press quality, embed all fonts

DEADLINE/BILLING

Payment due upon receipt of invoice.

CONTACT

Submit contract by e-mail to
Susan lles

Advertising Sales

Psi Chi Central Office

E-mail: susan.iles@psichi.org
Phone: 423-771-9964

Memeryfo Missing PartsofWitessedEvents

See past issues of Psi Chi Journal of Psychological Research at http://www.psichi.org/?journal_past

All advertisements must be scholarly and professional in nature, and

Psi Chi reserves the right to reject (or cancel) any ads that are not in the

best interest of the Organization or consistent with the Society’s mission.
ADV-JN-DG (7-2018)

PSI CHI

% THE ImNAﬂONAL HONOR SOCIETY

COPYRIGHT 2019 BY PSI CHI, THE INTERNATIONAL HONOR SOCIETY IN PSYCHOLOGY (VOL. 24, NO. 4/ISSN 2325-7342)

WINTER 2019

PSI CHI
JOURNAL OF
PSYCHOLOGICAL
RESEARCH

289



Publish Your Research in Psi Chi Journal

Undergraduate, graduate, and faculty submissions are welcome year round. Only the
first author is required to be a Psi Chi member. All submissions are free. Reasons to
submit include

* aunique, doctoral-level, peer-review process

¢ indexing in PsycINFO, EBSCO, and Crossref databases
e free access of all articles at psichi.org

e our efficient online submissions portal

View Submission Guidelines and submit your research at www.psichi.org/7page=JN_Submissions

Become a Journal Reviewer

Doctoral-level faculty in psychology and related fields who are passionate about
educating others on conducting and reporting quality empirical research are invited
become reviewers for Psi Chi Journal. Our editorial team is uniquely dedicated to
mentorship and promoting professional development of our authors—Please join us!

To become a reviewer, visit www.psichi.org/page/IN_BecomeAReviewer

Resources for Student Research

Looking for solid examples of student manuscripts and educational editorials about
conducting psychological research? Download as many free articles to share in your
classrooms as you would like.

Search past issues, or articles by subject area or author at www.psichi.org/?journal_past

Add Our Journal to Your Library

Ask your librarian to store Psi Chi Journalissues in a database at your local institution.
Librarians may also e-mail to request notifications when new issues are released.

Contact PsiChilournal@psichi.org for more information.

° ’ Register an account: PSI CHI
I n http://pcj.msubmit.net/cgi-bin/main.plex



https://www.psichi.org/
http://www.psichi.org/page/JN_BecomeAReviewer
http://www.psichi.org/?journal_past 
http://pcj.msubmit.net/cgi-bin/main.plex
https://www.facebook.com/PsiChiCentralOffice
https://twitter.com/PsiChiHonor
https://www.instagram.com/psichihonor/
http://linkd.in/HSiVA3 

