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ABSTRACT
Post-traumatic stress disorder (PTSD) is initiated by traumatic-stress exposure and
manifests into a collection of symptoms including increased anxiety, sleep disturbances,
enhanced response to triggers, and increased sympathetic nervous system arousal. PTSD
often co-occurs with alcohol use disorder. Only some individuals experiencing traumatic
stress develop PTSD and a subset of individuals with PTSD develop co-occurring alcohol
use disorder. Both men and women are at risk to develop PTSD and co-occurring alcohol
use disorder when exposed to a traumatic event. Age at which the traumatic event
occurred is also a major factor in developing PTSD and co-occurring alcohol use
disorder. If exposure occurs during childhood or adolescence, individuals may be more
resilient to these stresses compared to older individuals. Factors including sex and age
have shown individual differences in developing PTSD and co-occurring alcohol use
disorder and severity of disorders. However, what factors following traumatic stress
exposure that predict resilience or vulnerability remain unknown. To investigate the basis
of the individual responses to traumatic stress, single prolonged stress (SPS) a validated
rodent model of traumatic stress was applied to young adult male and female rats and
adolescent female rats. Individual behavioral responses to traumatic stress were
characterized using anxiety-like behaviors with open field and elevated plus maze tests,
fear-like behaviors with cue-reactivity, and depression-like behaviors with the forced
swim test. Ethanol consumption following traumatic stress or control handling was
measured by allowing individual rats to self-administer ethanol using an intermittent two
bottle choice procedure for 8 weeks. Correlations within age and sex were used to
determine which behavioral factors were predictive of ethanol consumption. Results
iii

demonstrate that different behavioral endpoints were predictive of subsequent drinking in
males and females, and in adult and adolescent groups. Fear-like behavior was predictive
of drinking in young adult males. Depression-like behavior was predictive of adolescent
female ethanol consumption. Anxiety-like behavior was predictive of ethanol drinking in
young adult females. These results indicate that resilience and vulnerability manifest
differently after traumatic stress exposure depending on age and biological sex.
Young adult females were further analyzed using an artificial intelligence algorithm
that was developed to predict resilient and vulnerable individuals based on data from
anxiety testing and ethanol consumption. Using the algorithm with the factors of time in
center on the open field test and open arm entries on the elevated plus maze revealed that
the population consisted of 3 groups with 24% classified as resilient and 41% classified
as susceptible to high ethanol drinking. The artificial intelligence model was
implemented in a second experiment to identify resilient and vulnerable adult female rats
before ethanol exposure. Using the resilient and vulnerable animals identified from the
artificial intelligence algorithm, analyses of neuropeptide Y (NPY) and its receptors Y1
and Y2 in the central nucleus of the amygdala (CeA), basolateral amygdala (BLA), and
bed nucleus stria terminalis (BNST) were performed. The CeA, BLA, and BNST are
important regions for PTSD and co-occurring alcohol use disorder. Results demonstrate
that resilient rats had higher expression of Y2 mRNA in the CeA compared with
vulnerable and control rats. In the BLA, the vulnerable rats had higher levels of Y1
compared to controls. In the BNST, NPY was elevated in resilient animals compared to
controls. The results of the study show that an artificial intelligence algorithm can
identify individual differences in response to traumatic stress and subsequent ethanol
iv

drinking, and the NPY pathway is differentially altered following traumatic stress
exposure in resilient and vulnerable populations. Understanding neurochemical
alterations following traumatic-stress exposure is critical in developing prevention
strategies for the vulnerable phenotype and will help further development of novel
therapeutic approaches for individuals suffering from PTSD and alcohol use disorder.
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CHAPTER 1. INTRODUCTION
Post-traumatic stress disorder (PTSD) is a debilitating condition initiated by
traumatic stress exposure. It is marked by a constellation of symptoms including indelible
memories and heightened sympathetic nervous system arousal (Atwoli et al., 2015). In
the United States 60% of males and 50% of females are exposed to at least one traumatic
stress during their lifetime (Kessler et al., 1995). However, of these individuals only 1530% go on to develop PTSD (Kessler et al., 1995). While males are exposed to more
traumatic events during their lifetimes, women have a greater incidence of PTSD
(Kessler et al., 1995). There is a 2:1 female to male ratio of individuals with PTSD
(Kessler et al., 1995).
PTSD is highly co-occurring with other disorders including alcohol use disorder
(Kessler et al., 1997), and the rates of co-occurrence vary depending on factors such as
sex, age, military/civilian, and location (for review see Gilpin and Weiner, 2017).
American veterans diagnosed with PTSD are 3-4.5 times more likely to have a cooccurring AUD (Seal et al., 2011; Carter et al., 2011). PTSD usually precedes the
development of an AUD, and when PTSD and AUD present together, individuals have
worse outcomes and report more severe symptomologies of both disorders compared to
individuals with only PTSD or AUD (Seal et al., 2011; Carter et al., 2011).
Sex differences in the incidence of PTSD and co-occurring AUD exist. Women
are more likely to develop an AUD during the same year as they developed PTSD than
men (Kessler et al., 1997; McCauley et al., 2012). Women show higher levels of
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excessive drinking after a traumatic-event exposure than men (Olff et al., 2007).
Specifically, women with traumatic stress related symptoms like dissociation and
intrusive memories tend to consume higher levels of alcohol to manage symptoms. The
average alcohol intake in women with PTSD is significantly associated with coping
motives whereas it is not a significant indicator for men (Lehavot et al., 2014). In both
men and women, PTSD symptomology is linked to drinking-to-cope behaviors. Men and
women that report higher levels of drinking to cope have significantly worse PTSD and
AUD symptoms compared to men and women that have lower levels of drinking to cope.
Interestingly, only men who reported higher motivation to drink to relieve symptoms had
worse PTSD and AUD symptoms; this association was not significant for women in the
study (Lehavot et al., 2014).
Age and sex interactions with PTSD and alcohol also exist. Females are generally
exposed to traumatic events at younger ages compared to males (Olff et al., 2007). The
age discrepancy between males and females may increase the risk of females developing
PTSD. During adolescence, females are 3 times more likely to have a PTSD diagnosis
than males (McLaughlin et al., 2013). Females exposed to trauma under the age of 16 are
11.4 times more likely to develop PTSD than similarly exposed males and this difference
is statistically significant (Breslau et al., 1997).
Sex differences in men and women diagnosed with PTSD are present due to
different neurobiological mechanisms and PTSD is expressed differently across men and
women as shown by different pathophysiology, emotional and cognitive responses (for
review see Pineles et al., 2017). Pathways that are affected differently by stressors in
males versus females include corticotrophin releasing factor (CRF), neuropeptide Y
2

(NPY), glucocorticoid negative feedback, and response to stimuli in the corticolimbic
brain region (Bangasser and Valentino, 2014; Rasmusson and Friedman, 2002). The
neuropeptide Y pathway is altered in adolescent male rats upon ethanol exposure.
Adolescent rats exposed to intermittent ethanol have lower NPY protein in the CeA and
medial nucleus of the amygdala (Kokare et al., 2017). Additionally, lower levels of
H3K9/14 acetylation of the NPY promotor region are seen in the amygdala of alcohol
exposed rats compared to controls (Kokare et al., 2017).
Many useful animal models of PTSD exist, one of which is single prolonged
stress (SPS) (Cohen et al., 2011; Zoladz et al., 2012; Enman et al., 2015). SPS
recapitulates PTSD symptomology which is marked by increased negative feedback in
the hypothalamic-pituitary axis (HPA), and increased anxiety and fear behaviors [for
review see Daskalakis et al., 2014]. Male and female rats respond differently to SPS
(Pooley et al., 2018; Keller et al., 2015). Female rats have lower fear retention and
enhanced cFos and glucocorticoid receptor expression measured via
immunohistochemistry compared to males (Pooley et al., 2018). Unlike male rats, female
rats show higher glucocorticoid receptor levels in the dorsal hippocampus and no fear
extinction deficits following SPS (Keller et al., 2015). Both rats exposed to a traumatic
stress (predator odor or SPS) and humans with PTSD have enhanced dexamethasone
suppression tests and higher levels of corticosterone or cortisone respectively (Yehuda et
al., 1993; Starcevic et al., 2016). Similar to humans where only a subset of traumaticstress exposed individuals develops PTSD and co-occurring alcohol abuse, only a subset
of rats exposed to SPS develop a robust phenotype (Edwards et al., 2013; Manjoch et al.,
2016).
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Both clinical and preclinical literature presented above indicates a wide range of
individual phenotypes after traumatic stress exposure that can lead to developing PTSD
and co-occurring alcohol use disorder. It is currently unknown what factors predict
enhanced ethanol consumption following traumatic stress exposure in males and females
and how age may play a role. For this dissertation research, it was hypothesized that
specific behavioral phenotypes after traumatic stress exposure (SPS) would predict future
voluntary ethanol consumption using an intermittent ethanol two bottle choice procedure.
The first aim of this dissertation was to investigate if rats displaying high SPSvulnerability have higher voluntary ethanol consumption compared to rats displaying
SPS-resilience and non-stressed control rats. A novel artificial intelligence analytical
method was implemented to forecast these individual differences in adult female rats.
In addition to behavioral differences between individuals that may arise after
traumatic stress exposure, it was hypothesized that neurobiological alterations in response
to SPS exposure would also differ between individuals. Neurobiological mechanisms
that may underlie differences in individual susceptibility to ethanol consumption after
exposure to traumatic stressors are a major consideration of this study. Neuropeptide Y
has been linked to PTSD (Sah et al., 2009; Sah et al., 2014; Rasmusson et al., 2010;
Yehuda et al., 2006). The second aim of the dissertation was to test the hypothesis that
NPY will be lower in vulnerable animals compared to resilient and control rats. NPY has
been shown to buffer highly stressful stimuli by increasing resiliency to traumatic-stress
exposure (Wu et al., 2013). Humans with PTSD have lower levels of NPY compared to
controls in both cerebrospinal fluid (CSF) and plasma (Sah et al., 2009; Sah et al., 2014;
Rasmusson et al., 2010; Yehuda et al., 2006). Further, when PTSD goes into remission,
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NPY levels recover (Yehuda et al., 2006). Importantly, promising results have been
obtained from clinical trials suggesting that intranasal NPY can reduce anxiety in PTSD
patients (Sayed et al., 2018). In animal models of traumatic stress, NPY intranasal
administration as an early intervention prevents development of PTSD-like symptoms in
male rats (Serova et al., 2013; Laukovaet al., 2014; Sabban et al., 2015).
NPY has also been associated with ethanol consumption. Administration or
overexpression of NPY decreases ethanol intake in humans and rodents (Mayfeild et al.,
2002; Badia-Elder et al., 2001; Thorsell et al., 2005; Thorsell et al., 2000). NPY binds to
Y1, Y2, Y4, Y5, and Y6 receptor subtypes with equal binding affinity (Michel et al.,
1998). In the central nervous system, Y1 and Y2 are the most predominantly expressed
receptors with Y1 receptors located on post-synaptic dendrites and Y2 receptors located
on pre-synaptic terminals. As such, Y2 receptors are inhibitory to the release of NPY,
glutamate or GABA depending on the cell type. In general, Y1 receptor activation
produces anxiolytic effects, whereas Y2 receptor agonists are anxiogenic (for review see
Tasan et al., 2016). Y1 and Y2 receptors are found in regions of the amygdala and
extended amygdala including the basolateral amygdala (BLA), central nucleus of the
amygdala (CeA), and bed nucleus stria terminalis (BNST; Mackay et al., 2019; Wood et
al., 2016; Tasan et al., 2016). These regions were chosen for study in this dissertation
research because they are critical for fear- and anxiety-related behaviors and ethanol
consumption (Langevin et al., 2016; Gilpin et al., 2015; Hawley et al., 2010; and Pleil et
al., 2015).
The goals of this research were to, first, develop a method to reliably forecast
which individual rats would consume greater amounts of ethanol following SPS
5

exposure, based on their behavioral phenotype. The factors used to predict subsequent
ethanol consumption were also used to determine similarities and differences that
traumatic stress has during adolescence compared to young adulthood and also in males
and females. The second goal of this study was to use this classification to investigate
levels of NPY and its receptors in brain regions associated with processing fear stimuli,
anxiety, and ethanol consumption in rats predicted to be resilient or vulnerable to
heightened ethanol consumption following traumatic stress exposure, but prior to
exposure to ethanol. The second goal was investigated using young adult females only.
As women are twice as likely as men to have PTSD and use ethanol as a significant
coping mechanism (Lehavot et al., 2014), female rats were selected for the completion of
the second aim of this study. Results are presented herein that demonstrate that an
artificial intelligence algorithm can reliably identify individuals based on anxiety-like
behaviors after traumatic stress exposure that go on to consume higher or lower amounts
of ethanol, and that these populations have differences in NPY in the amygdala and
extended amygdala in young adult females. In young adult males fear-like behavior was
correlated with ethanol consumption after traumatic stress exposure and in adolescent
female’s depression-like behavior was predictive of ethanol consumption.
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CHAPTER 2. BEHAVIORAL FACTORS AFTER TRAUMATIC STRESS OR
CONTROL HANDLING THAT PREDICT SUBSEQUENT ETHANOL
CONSUMPTION IN YOUNG ADULT MALE RATS
2.1 Introduction
In the United States, 60% of men are exposed to traumatic events during their
lifetimes. Men are also more likely to be exposed to multiple traumatic events compared
to women (Stein et al., 1997, 55% of men and 46% of women). A major symptom of
PTSD is enhanced fear response. Fear of anxiety, which is the fear of experiencing
anxiety symptoms, is a significant predictor of severity of PTSD symptoms in men but
not women (Reuther et al., 2010). According to social processing theory, fear is the basis
of PTSD development (Tolin & Foa, 2002). A study found significant biological sex
differences in response to traumatic stress exposure (Tolin & Foa, 2002). Male SpragueDawley rats that were exposed to SPS showed a significantly enhanced acoustic startle
response compared to controls, however females exposed to SPS did not show a
significant difference in acoustic startle response compared to controls (Pooley et al.,
2018). These data indicate that fear behavior is expressed differently in males and
females after traumatic stress exposure, whereby fear is manifested after exposure to
traumatic stress in male rats only.
PTSD and alcohol use disorder (AUD) are commonly co-occurring. A high
proportion of men exposed to traumatic stress are vulnerable to developing both PTSD
and AUD. Men are more likely to suffer from AUD than women (Johnson et al., 2011).
About 30-50% of men with an AUD also have co-occurring PTSD (Read et al., 2004). In
treatment seeking individual’s with PTSD, AUD co-occurs 85% of the time (Baker et al.,
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2009). In male and female American veterans, PTSD has an increased association of 34.5 times with AUD (Seal et al., 2011; Carter et al., 2011). When individuals have both
PTSD and AUD, their symptomology of both disorders are significantly worse than
individuals with PTSD or AUD alone (Seal et al., 2011; Carter et al., 2011). Individuals
with co-occurring PTSD and AUD are likely to seek treatment. However, currently there
is no specific treatment option for people with these disorders when presented together
(Ralevski et al., 2014). There is a large need to develop efficacious treatments for
individuals with PTSD and AUD.
There are sex differences in the neurobiological contributors to PTSD and AUD.
Specifically males and females have different corticotrophin releasing factor (CRF),
neuropeptide Y, glucocorticoid negative feedback, and response to stimuli in the
corticolimbic brain region (Bangasser and Valentino, 2014; Rasmusson and Friedman,
2002). Sex differences in male and females (such as neurobiological mechanism,
emotional and cognitive response) may be present due to differential neurobiological
mechanisms (Pineles et al., 2017). Physiologically, men tend to have a sensitized
hyperarousal system compared to women. PTSD is associated with hyperactivity in the
amygdala, hypoactivity in the ventromedial prefrontal cortex, and functional connectivity
deficits between the ventromedial prefrontal cortex and the amygdala (Olff, 2017). The
diminished input from the prefrontal cortex to the amygdala could explain the enhanced
fear response in PTSD (Olff, 2017). A study found in male PTSD patients that a single
administration of oxytocin increased inhibitor control over this pathway in men (Frijling,
2017). Specifically, this study found that single and multiple administrations of oxytocin
intranasally after a traumatic stress exposure significantly decreased subsequent severity
8

of PTSD symptoms. Symptom severity was assessed with the Trauma Screening
Questionnaire and oxytocin administration was most effective for individuals with high
PTSD severity after a traumatic stress exposure. Sex differences exist for PTSD and cooccurring AUD. Men and women that report higher levels of drinking to cope have
significantly worse PTSD and AUD symptoms compared to men and women that have
lower levels of drinking to cope. Interestingly men who reported higher motivation to
drink to relieve symptoms had worse PTSD and AUD symptoms; this association was not
significant for women in the study (Lehavot et al., 2014). These studies show that men
respond differently to traumatic stress neurobiologically compared to women.
Preclinically, SPS is a useful animal model to study PTSD. It has been shown to
reliably recapitulated symptoms after traumatic-stress exposure that are present in the
human population. It should be noted that sex differences have been reported using this
model (Pooley et al., 2018 and Keller et al., 2015). Specifically, male rats are more likely
to have higher fear memory retention than females when tested after SPS exposure with
the acoustic startle response (Pooley et al., 2018). Furthermore, in the hypothalamicpituitary-adrenal axis males had significantly enhanced negative feedback compared to
females (Pooley et al., 2018). In the SPS model male rats were also more resistant to fear
memory extinction compared to females (Keller et al., 2015). These studies indicate that
males are more likely to respond with enhanced fear compared to females when exposed
to SPS. SPS also reliably reproduces the variability observed within the human
population. Only a subset of humans exposed to a traumatic event develop PSTD
symptoms. Likewise, only a portion of rats develop a robust phenotype after SPS
exposure.
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A major objective of this study was to determine what behavioral factors after
SPS exposure predicted subsequent ethanol consumption in young adult male rats.
Correlation analysis between specific behavioral measures and subsequent ethanol
consumption were used to achieve this goal. Behaviors that were not significantly
correlated can be found in the appendix. As the fear response in men exposed to
traumatic stressors is critical in the human population, it was expected that fear-like
behavior would predict ethanol drinking levels. Men are also more likely to have an AUD
than women, and therefore it is important to understand any predictive link between
behavior after trauma exposure and ethanol consumption. The results presented within
this study demonstrate that fear responses after traumatic stress were predictive of
subsequent ethanol consumption in males. Specifically, higher fear response yielded
higher ethanol consumption in young adult male rats.
2.2 Methods
2.2.1 Subjects
Male Sprague-Dawley rats, ordered at 8 weeks of age (Charles River
Laboratories, Wilmington, MA), were used in this study. Rats were given 2 days to fully
acclimate to the new environment after arriving, followed by 4 to 8 days daily weighing
and minimal handling in preparation for experiments. Rats were housed on a 12-h
light/dark cycle (lights on at 0700) and in a humidity-controlled environment. Animals
were housed in pairs until the ethanol portion of the experiment, with no enrichment
devices and had continuous access to food and water except during behavioral testing. All
studies were conducted in accordance with the Guide for the Care and Use of Laboratory
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Animals (National Research Council, 2011). All experimental protocols were approved
by the Institutional Animal Care and Use Committee of Temple University.
2.2 Experiment 1: Behavioral characterization after traumatic stress or control
handling and ethanol consumption in male rats.
a. Modified Single Prolonged Stress (SPS)
Once the rats were acclimated to the facility, they went through SPS procedure (N
= 6) using methods modified from Liberzon et al., (1997; Enman et al., 2015; Toledano
and Gisquet-Verrier, 2014) or control handling (N= 6). For experimental time line see
figure 1. On day one, both SPS and controls were first exposed to a novel chamber for 10
minutes. For the first 5 minutes they acclimated to the new context and for the second 5
minutes they were exposed to the chamber while an intermittent tone played (70-80 dB).
Rats in the SPS group were then placed into restraint tubes for 2 hours. After restraint,
rats went through group swim (N = 6, round swim tank: 42 cm tall × 55 cm diameter,
water 23-25C) for 20 minutes. Following the swim, rats were dried and re-exposed to
the novel chamber for another 10 minutes following the above protocol. Rats were
rendered unconscious with isoflurane. The rats were returned to their home-cages pair
housed and left undisturbed except for giving them food and water for 7 days. Like the
SPS group, the control animals went through novel chamber exposure with the tone
pairing following the same schedule as the SPS group. In between these paring they were
minimally handled and weighted. Then the controls were pair housed for 7 days and
minimally handled and weighted during this time along with the addition of food and
water to their cages.
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Figure 1. Young adult male experiment timeline including traumatic stress or
control handling, behavioral characterization, and ethanol exposure.
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2.2.3 Behavioral Phenotyping
a. Open Field Test
To assess anxiety-like behavior after SPS or control handling, the open field test
was completed on day 9. Rats were placed in the open field testing arena (45 cm X 45
cm) and video recorded for a 10 minute duration. The center of the arena (15 cm X 15
cm) was 75 lx and the corners were 45 lx. The time in center was defined as head and
shoulders over the threshold for the center.
b. Elevated Plus Maze Testing
On Day 10 after SPS or control handling, the elevated plus maze test was used to
assess anxiety-like behavior. The elevated plus maze testing apparatus was constructed
out of black plastic and had open (48.3 X 10.2 cm; L X W) and closed arms (48.3 X 10.2
X 50.8 cm; L X W X H) and was 35.6 cm off the ground. The lighting levels were as
follows; the open arms were about 150 lx and the closed arms were about 50 lx. When
tests were started the rats were placed in the center and video recorded for 10 minutes.
These videos were used to score the animals behavior. Entering the open or closed arm
was operationally defined as head, front paws, and shoulders crossing the open or closed
threshold. Time and number of entries were measured in open and closed arms.
c. Reactivity to Trauma-Associated Cues
On day 11, cue-reactivity responses were measured using cues paired during SPS
or control handling in a similar method as Toledano and Gisquet-Verrier (2014). For
measurement of cue-reactivity, rats were placed in a chamber that was used during SPS
or control handling for 10 minutes. For the first 5 minutes they were allowed to acclimate
13

to the context and for the second 5 minutes they were exposed to the context and an
intermittent tone was played (70-80 dB). Cue-reactivity tests were video recorded and
freezing behaviors were analyzed. Freezing was defined as the absence of all movement
excluding respiration. The time spend freezing and the number of freezing times were
measured during two five-minute periods.
2.2.4 Two-Bottle Choice Intermittent Access to 20% Ethanol
Following behavioral characterization SPS and control handling groups
underwent intermittent access to 20% ethanol utilizing the two-bottle choice method
(Vasudeva et al., 2015; Simms et al., 2008; Wayner et al., 1972). Each rat was singly
housed and given access to two drinking bottles located in the wire top of the cage and
food pellets on the floor of the cage. On Monday, Wednesday, and Friday for 24-hour
periods the rats were given access to a bottle with 20% ethanol and a water bottle which
were presented in a counterbalanced fashion to avoid side preferences. The rest of the
time they had access to two bottles containing filtered water. Filtered water was provided
by ULAR facilities and ethanol was also diluted in filtered water. At the end of the 24hour periods the bottles were weighted. The experiment started 15 days after SPS or
control handling and continued for a duration of 18 ethanol sessions over a 6-week
period. Ethanol consumption was calculated for 24-hour sessions using the following
formula: [ethanol fluid (g) consumed X 0.162]/kg body weight which accounts for the
specific ethanol density in a 20% solution (Fisher et al., 2017).
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2.2.5 Re-exposure to context and auditory cues during intermittent ethanol two
bottle choice
Before ethanol session 9, the rats were acclimated to the testing environment for
30 minutes. Then the rats were put into the context chamber that was paired during SPS
or control handling for a 10-minute duration, the first 5 minutes they were exposed to the
context and for the second 5 minutes they were exposed to the context while the
intermittent tone was played (70-80 dB). After the 10-minute exposure they were put
back into their singly housed home cages and were given access to two bottles one with
20% ethanol solution and the other with water. Their consumption was measure for all
sessions. Before session 15, rats were exposed to the chambers following the same
protocol as above and then they went through a group swim session following the same
procedure as during SPS. After this they were dried and returned to their home cage
where they had access to two bottles, one with water and the other with water and a 20%
ethanol solution.
2.2.6 Data Analysis
Unpaired two-tailed t-test and mixed-effect two-way ANOVA with Bonferroni
post-hoc tests were used to analyze the behavioral data. Ethanol consumption and
preference were analyzed with a two-way repeated measures ANOVA with main factors
of session and SPS/Control. In order to determine what behavioral characteristics were
likened to subsequent ethanol consumption, multiple linear regressions and Pearson
correlations were used in the analysis of the association between behavioral endpoints
and ethanol consumption. Unpaired t-tests and one-way and two-way ANOVA’s were
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performed using GraphPad Prism 8 (La Jolla, CA). Multiple regression was performed
using SPSS (IBM, Armonk, NY)
2.3. Results
3.1 Behavioral characterization following traumatic stress exposure and subsequent
ethanol consumption
Anxiety like behaviors were measured using open field and elevated plus maze
testing. The SPS group was compared to the control handled group. There was no
significant difference in the open field test time in center (sec) between groups (Fig. 2A;
two-tailed unpaired t-test: t (10) = 1.430, P = .1832). The elevated plus maze showed
male SPS rats exhibited significantly less time in the open arm (two-tailed unpaired t-test:
t (10) = 2.332, P = .0419, data not shown) and number of open arm entries compared to
control handled rats (Fig. 2B; two-tailed unpaired t-test: t (10) = 2.380, P = .0386). Fear
responses were measured using number of times freezing and time spent freezing. A
mixed-effect two-way ANOVA found no significant main effect between groups (Fig.
2C; F (1, 10) = 3.13, P = .5197) or when the rats were exposed to only context compared
to being exposed to the context and the intermittent tone (F (1, 10) = 7.54, P = .0631)
and no significant interaction (F (1, 10) = 1.74, P = .3383) between the SPS and control
handled groups.
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Figure 2
A)

B)

C)

D)

Figure 2. SPS increased anxiety-like behavior during elevated plus maze testing in
young adult males. Anxiety-like behavior and fear responses were measured 7 days after
SPS (N = 6) and control handled rats (N = 6) using the open field test, elevated plus maze
and cue-reactivity. Each test was completed on a different day. During the open field test,
SPS and control handled rats did not have significantly different time in center (Fig. 2 A.
P > .05). During the elevated plus maze test the SPS rats had significantly lower open
arm entries compared to control handled rats (Fig. 2 B. P < .05). There were no
significant differences between SPS and control handled rats during re-exposure to the
SPS-associated context or cues as measure by seconds time freezing (Fig. 2 C. P > .05)
or number of freezing bouts (Fig. 2 D. P > .05).
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After measuring anxiety-like behaviors and fear-like behavior, rats were allowed
to drink ethanol using an intermittent-ethanol two-bottle choice procedure. 24-hour
ethanol consumption was measured 3 times a week for 6 weeks for a total of 18 sessions
(figure 3). Using a mixed-effect two-way ANOVA, there was a significant increase in
ethanol consumption across the sessions (F (17, 163) = 8.567, P < .0001), there was no
significant main effect between SPS and control handled rats (F (1, 10) = 0.04491, P =
.8364), and the interaction was not significant (F (17, 163) = 1.021, P = .4386). Drinking
distribution was measured with SPS and control animals with a histogram (figure 4)
3.2 Fear-related behaviors in the SPS population predicted subsequent ethanol
consumption
To identify predictive factors of heightened ethanol consumption, analyses were
performed using the results of the anxiety- or fear-related behavioral tests and the ethanol
consumption data. It was hypothesized that higher levels of anxiety-like behavior and
fear responses would be predictive of higher levels of ethanol intake. Pearson’s
correlations were completed to analyze behaviors and subsequent drinking of both SPS,
and control handled rats. The number of times freezing by individual SPS and control
handled rats was strongly correlated with average ethanol consumed during sessions 6-8
with a large effect size (Fig. 5A; P = .0172, r = .6696). Higher the number of times
freezing was correlated to higher ethanol consumption. There was also a strong
correlation for time spent freezing during sessions 9-11. The higher the time freezing, the
higher the ethanol consumption (Fig. 5B; P = .0466, r = .5831).
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Figure 3

Figure 3. Adult male rats exposed to SPS or control handling consumed similar
amounts of ethanol. SPS (N = 6) and control handled (N = 6) rats mean ethanol
consumption (g/kg/24hr session) was similar through 1-18 sessions (Fig. 3 A. P > .05).
There was no significant main effect for session (P > .05), group (P > .05), or interaction
(P > .05).
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Figure 4

Figure 4. SPS and control ethanol intake (g/kg) on average during all sessions in
young adult males. The average ethanol (g/kg) consumed by SPS (N = 6) and control (N
= 6) rats during the 6 weeks of ethanol exposure.
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Figure 5
A)

B)

Figure 5 Fear-like behavior after SPS or control handling was a significant
predictor of ethanol consumption. Cue-reactivity factors including the number of times
freezing and time spent freezing (seconds freezing) were separately correlated with
ethanol consumption. Both SPS and control handled rats were using in the correlation
analysis (N = 12). During sessions 6-8, number of times freezing was a strong predictor
of drinking and mediated a large effect size (Fig. 5 A. P * < .05, r = .6696). There was a
significant correlation between time spent freezing (seconds freezing) and mean ethanol
consumption during sessions 9-11 (Fig. 5 B. P ** < .01, r = .5831).
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The other behavioral endpoints of anxiety-like behavior including elevated plus maze
time in center, number of entries in open arm, and number of entries in the center during
the open field test were also analyzed using correlations with ethanol consumption and
they were not significantly linked. These results indicate that fear responses as measured
by cue-reactivity were the most predictive of subsequent ethanol consumption in male
rats.
2.4. Discussion

Responses in young adult male rats to traumatic stress exposure were analyzed to
determine which behavioral factors predicted ethanol consumption. Individual anxietylike and fear-like responses measured after exposure to traumatic stress were
hypothesized to forecast subsequent ethanol consumption. Correlations were used to
analyze the relationship between behavior and ethanol consumption. It was discovered
that fear-like behaviors of individual rats were significantly correlated with ethanol
consumption.
Male rats were exposed to SPS a model of PTSD, behaviorally characterized, and
then had access to ethanol via an interment ethanol choice model for 6 weeks. The
experiment was designed in order to model the transition from traumatic stress exposure
to developing a co-occurring alcohol use disorder as seen in the human population. This
study examined what behavioral factors after traumatic stress were linked to ethanol
consumption. Previous research did not investigate what individual responses to
traumatic stress are associated with subsequent ethanol consumption. Rat populations
exposed to traumatic stress are like clinical populations in that only a subset of exposed
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rats exhibit PTSD-like reactions. Therefore, individual response after traumatic stress
exposure is an important consideration when evaluating the impact of traumatic stress on
co-occurring disorders such as alcohol use disorder. The approach in this investigation
implemented a way to determine the relationship of individual responses on subsequent
ethanol consumption.
Fear-like behavior was a significant indicator of subsequent ethanol drinking.
This finding is supported by the literature. Clinically, fear of anxiety, which is the fear of
experiencing anxiety symptoms, in men is a significant indicatory or PTSD severity, but
not in women (Reuther et al., 2010). Additionally, only a subset of men with PTSD have
a co-occurring alcohol use disorder. Individual rats that had higher fear-like responses
consumed higher amounts of ethanol. Likewise, men with severe PTSD symptomatology
tend to consume more ethanol and are more likely to have worse treatment outcomes for
both PTSD and their co-occurring alcohol use disorder (Seal et al., 2011; Carter et al.,
2011). Still no specific treatment exists for individuals with these co-occurring disorders
(Ralevski et al., 2014). This investigation furthered the understanding of how individual
responses to traumatic stress are related to subsequent ethanol consumption. Further
investigation is needed to develop specific treatments for individuals with PTSD and cooccurring alcohol use disorder.
Fear is a central tenet of the PTSD diagnosis (Breslau et al., 1998). Reactivity to
traumatic-stress cues and heightened sensitivity to traumatic stress cue reminders are a
common feature of PTSD and taken into consideration during diagnostic testing
(DSMIV-TR). Increased generalization of a fear conditioned stimulus is considered to be
a pathogenic marker for PTSD (Kaczkurkin et al., 2017). Hypervigilance and exaggerated
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psychophysiological responses are major components of PTSD. It has been proposed that
fear conditioning is a central component for PTSD to develop (Orr et al., 2000; Pitman et
al., 2011). Further, inability to adequately impair fear is a PTSD biomarker (Jovanovic et
al., 2010). Sex differences in fear learning and memory may play a critical role in PTSD
resilience or vulnerability. A major component of PTSD is memory generalization
(Tronson and Keiser, 2019). Many studies show that both male and female mice acquire
fear memory during fear conditioning however, males show a more robust response (for
review; Tronson and Keiser, 2019). Males in fear conditioning procedures tend to have
more pronounced responses to fear cues compared to females.
Overall, fear responses and traumatic cue reactivity are strong indicators of PTSD
and symptom severity (Kaczkurkin et al., 2017; Orr et al., 2000; Pitman et al., 2011;
Jovanovic et al., 2010). In accordance with the published clinical literature, this study
showed that rats with higher reactivity to a stress-associated cue also consumed more
ethanol than rats that had lower levels of cue-reactivity.
In summary, it has been widely demonstrated that fear and cue reactivity to
traumatic stress are critical factors for diagnosing PTSD and are related to symptom
severity (Kaczkurkin et al., 2017; Orr et al., 2000; Pitman et al., 2011; Jovanovic et al.,
2010). It is essential to investigate individual responses to traumatic stress exposure to
further the current understanding of fear behaviors, PTSD, and subsequent co-occurring
disorders such as alcohol use disorder. Understanding the individual behavior responses
will strengthen current treatment strategies and further the development of novel
pharmacological therapeutics for PTSD and co-occurring alcohol use disorder. PTSD
symptom evaluation could also be used to help prevent the development of co-occurring
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alcohol use disorder for at risk individuals. Leveraging statistical analysis of behavioral
factors and subsequent ethanol consumption, this study investigated how individual
responses relate to enhanced ethanol consumption in young adult male rats. Fear response
was a major predictor of ethanol consumption, suggesting that fear may be a critical
factor in predicting co-occurring alcohol use disorder in men with PTSD and that low
fear behaviors may be linked to resilience. Further investigation may show that fear
related behaviors in men may be predictive of future outcomes leading to the
development of novel prevention or treatment strategies and pharmacological
therapeutics.
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CHAPTER 3. BEHAVIORAL ASSESSMENT OF ADOLESCENT FEMALE
RATS EXPOSED TO SPS OR CONTROL HANDLING CAN PROGNOSTICATE
FUTURE ETHANOL CONSUMPTION
3.1 Introduction

Exposure to a traumatic event can lead to the development of PTSD. 60% of
children and adolescents report being exposed to a traumatic event (Garza and Jovanovic,
2017). Rates of reported PTSD among adolescents ranges between 15% and 27% using
DSM-III-R criteria (Berman et al., 1996; Giaconia et al., 1995; Fitzpatrick & Boldizar,
1993). Sex differences in trauma exposure and PTSD development exist. Adolescent
females report more victimization at home compared to males their age (Pooley et al.,
2018). Adolescent females are at a higher risk of developing PTSD compared to their
male counterparts (Alisic, et al., 2014). This may be because adolescent females are more
likely to encounter types of traumatic events that are more likely to lead to development
of PTSD (Hebert et al., 2014). A meta-analysis found that children and adolescent
females (20.8%) were significantly more likely to develop PTSD than males (11.1%) of
the same age (Alicic et al., 2014). This study also found that girls exposed to
interpersonal violence showed the highest rates of PTSD development (38.9%) compared
to males exposed to non-interpersonal violence (8.4%). It is thought that the type of
trauma that females are exposed to increase their risk for developing PTSD compared to
males (McCutcheon et al., 2010). Sexual assault and child molestation result in the
highest rates of subsequent PTSD. Sexual assault and child molestation both engender a
high risk for developing PTSD and females report experiencing these at much higher
rates than males (Cortina and Kubiak, 2006, McCutcheon et al., 2009; Perkonigg et al.,
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2000). A study found that young adult females were significantly more likely to have
PTSD if they were exposed to an early life traumatic event compared to males their age
(McCutcheon et al., 2010). These studies indicate that trauma experienced by females
during childhood or adolescents may have unique effects on developing PTSD and its
neurobiological underpinnings.
Stress experienced during adolescence can lead to decreased health, decreased
educational and economic attainment and increased risk of substance abuse during
adulthood (Copeland, et al., 2018; Carliner, et al., 2016). Many studies show that
traumatic-stress exposure during adolescence can transition individuals to resilience or
vulnerability to a host of psychiatric disorders (Fincham et al., 2009; Hebert et al., 2014;
McGowan et al., 2009). PTSD and depression during adolescent are shown to be
physically, emotionally, and socially harmful (Clark and Kirisci, 1996). Individuals with
PTSD and depression during adolescence experience adverse effects such as significantly
decreased quality of life compared to those without PTSD or depression (Clark and
Kirisci, 1996). Individuals with PTSD also report higher incidence of co-occurring
alcohol use disorder (Clark and Kirisci, 1996). When adolescents have PTSD and cooccurring alcohol use disorder, depression is also another commonly expressed feature
(Clark and Kirisci, 1996). Adolescents with depression tend to have increased somatic
complaints such as headaches and gastrointestinal problems, anxiety symptoms, trouble
in school and tend to withdrawal socially (Pataki and Carlson, 1995; Clark et al., 1994;
Ryan et al., 1987). The majority of adolescents with major depression have co-occurring
anxiety disorders (Clark et al., 1994). It is critical when studying PTSD in adolescent
females to investigate depression and co-occurring alcohol use disorder.
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There are far fewer preclinical studies that have reported about the impact of
trauma exposure during adolescence compared to clinical research. When adolescent
male rats were exposed to an underwater stressor, they displayed significantly higher
anxiety behavior on the elevated plus maze test and a week later they displayed
significantly lower corticosterone compared to controls (Moore et al., 2012). Adolescent
males exposed to SPS showed long lasting depression-like symptoms during adulthood
when tested with the tail suspension test in male Sprague-Dawley rats (Chen et al., 2018).
Another study found that SPS exposure during early life (PND 25) produced significantly
higher levels of depression-like behavior on the forced swim test compared to non-SPS
controls (Liu et al., 2017). Additionally, they found this depression phenotype to only be
present in the early life stress group, not in rats exposed to SPS as adults (PND 60).
Combining predator odor and SPS procedures, early and mid- adolescent rats took
significantly longer to extinguish their fear memory than controls and adults with the
same procedure (Chen et al., 2018). Overall, the previously published studies indicate
that adolescents may react differently physiologically and behaviorally compared to
adults when exposed to a traumatic stressor and thus are important to study what factors
predict resilience or vulnerability.
The current study investigated behaviors after SPS exposure that were predictive
of enhanced ethanol consumption in adolescent female rats. To complete this
investigation, correlation analyses were used to determine the link between specific
behavioral phenotypes and ethanol consumption. In clinical studies, depression was an
important feature of adolescents with PTSD (Copeland et al., 2018; Carliner et al., 2016;
(Clark and Kirisci, 1996). Adolescents with PTSD suffer significantly academically,
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economically, and socially and are prone to co-occurring alcohol use disorder with
depressive features (Pataki and Carlson, 1995; Clark et al., 1994; Ryan et al., 1987). To
determine if depression is a predictive factor of future ethanol consumption, depressionlike behavior was measured using the forced swim test after SPS exposure and before
being presented with ethanol. Behaviors that were not significantly correlated can be
found in the appendix. The results demonstrated that after SPS or control handling,
immobility during the forced swim test was strongly associated with subsequent ethanol
consumption in individual rats.
3.2 Methods
3.2.1 Subjects
Female Sprague-Dawley rats were 23 days old upon arrival to our facility
(Charles River Laboratories, Wilmington, MA). When the rats arrived at the facility, they
were continuously housed in a humidity-controlled environment and were on a 12-h
light/dark cycle (lights on at 0700) for the duration of the experiment. The rats were
given food and water ad labium except during experimental testing and were housed in
pairs. After a 2-day acclimation period, the rats were minimally handled and weighted for
4 to 8 days. All study protocols received prior approval from the Institutional Animal
Care and Use Committee at Temple University. Studies were completed following the
Guide for the Care and Use of Laboratory Animals guidelines (National Research
Council, 2011).
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3.2.2 Experiment 1: Behavioral phenotyping after SPS or control handling and
ethanol consumption in adolescent female rats
a. Modified Single Prolonged Stress (SPS)
The SPS (N = 12) and control handling (N = 12) procedures followed the same
protocols as above (Chapter 2) with a small modification. For a time-line see figure 6.
SPS or control handling occurred when the rats were 28 days old. The SPS group was
exposed to the novel chambers for 10 minutes prior to the 2-hour restraint. This was
followed by group swim. Then the rats were exposed to the chamber again for 10
minutes, followed by exposure to isoflurane until rendered unconscious. The SPS rats
were then housed in pairs and left undisturbed for a 7-day period. The control rats
followed the same weighing, handling, and novel chamber exposure schedule as reported
above. The control rats underwent a 20 min swim to acclimated them to swimming in
preparation for the forced swim test. The controls were pair housed and minimally
handled and weighted during the time that the SPS rats were in isolation.
3.2.3 Behavioral Phenotyping
a. Open Field Test
After SPS or control handling on day 9 anxiety-like behavior was measured using
the open field test. Rats were video recorded and tested using the same procedures (i.e,
lighting, open field arena size, and operationally defined behaviors) as described in
Chapter 2. The time in center and number of times entering the center were scored
manually from the video recording.
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Figure 6. Adolescent females experiment timeline including traumatic stress or
control handling, behavioral characterization, and ethanol exposure.
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b. Elevated Plus Maze Testing
The elevated plus maze test was used on day 10 after SPS or control handling to
measure anxiety-like behavior. This procedure followed the same protocol as listed above
in chapter 2. The video recordings were used to score entries and time spent in the arms.
The operationally definitions were the same as the above elevate plus maze test.
c. Reactivity to Trauma-Associated Cues
Cues that were paired during control handling or SPS were used to assess cuereactivity. On experimental day 11, rats were exposed to the chambers following the
same methods as listed above. The operational definition for freezing behavior was used
as in the previous experiment. Time spent freezing and the number of times freezing were
measured in two 5-minute intervals, the first interval with environmental context and the
second 5 minutes with the environmental context and auditory cue present.
d. Forced Swim Test
The forced swim test was used to assess depression-like behaviors on day 12 after
SPS or control handling procedures were completed. The control rats were exposed to a
pre-swim session and the SPS rats were exposed to group swim on the day of SPS or
control handling (ie, day 1 of the study). These pre-swim tests are critical to establish
immobility development during the forced swim session (Lucki, 1997). The pre-swim
facilitates enhanced sensitivity, thus increasing behavioral alteration detection. The water
in the testing chambers was 23 +/- 1°C and the glass cylinders were filled to 36 cm and
the dimensions were 46cm height x 20 cm diameter. The test was conducted for 5
minutes and video recorded. When completed, the rats were removed from the cylinders,
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dried by the experimenter, and placed into their home cages. The behavioral scores were
tabulated using a sampling technique (Perrine et al., 2008; Detke et al., 1995; Lucki,
1997). At the end of each 5 second period for the 5-minute test (totaling 60 counts each),
immobility, swimming, or climbing behavior was recorded. Immobility was operationally
defined as no movement other than what was needed to keep the rats head above the
water threshold. Swimming was operationally defined as movement with purpose
throughout the glass cylinder. Climbing was operationally defined as upward and upward
thrashing movement with the rat’s forepaws placed on the side of the glass cylinder.
3.2.4 Two-Bottle Choice Intermittent Access to 20% Ethanol
After SPS or control handled groups underwent the behavioral tests described
above, they were exposed to ethanol using an intermittent access, two-bottle choice
method with 20% ethanol. Following the same procedures as described above (chapter 2
section 5), the rats were singly housed with 2 drinking bottles in the home cage. Three
days a week (Monday, Wednesday, and Friday) the rats had 24-hour access to 20%
ethanol in one bottle and filtered tap water in the other. For the remaining days the rats
had access to 2 bottles of filtered tap water. Food was available ad libitum on the floor
ofthe cage. After each 24-hour period was completed, the ethanol and water bottles were
weighted to determine consumption of filtered tap water and ethanol. On Monday
Wednesday and Friday 30 minutes after the rats were given ethanol, the ethanol and
water bottles were re-weighted to determine how much the rats consumed in the first 30
minutes. Once the bottles were weighted, the rats were given access to the ethanol and
water for the duration of the 24-hour period. The same calculation methods described in
Chapter 2 were implemented in the ethanol and water consumption analysis.
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3.2.5 Re-exposure to context and auditory cues during intermittent ethanol two
bottle choice
This procedure was undertaken to determine if re-exposure to the SPS cues would
affect the amount of ethanol consumed. On Monday in week 9 of the intermittent ethanol
two bottle choice procedure, the rats were re-exposed to the cue chambers, following the
same methods as used during the SPS procedure. Rats were video recorded in the
chambers for 10 minutes with the first 5 minutes being exposed to the chamber context
and the second 5 minutes being exposed to the chamber context and the auditory cue.
After the cue-re-exposure was completed, the rats were put back in their home cages and
given access to 20% ethanol and filtered tap water.
3.2.6 Data Analysis
The behavioral data were evaluated using unpaired two-tailed t-tests and a mixedeffect two-way ANOVA with Bonferroni post-hoc analysis. Two-way repeated measures
ANOVAs were used to test intermittent ethanol two-bottle choice data, with session and
SPS/Control group as main factors, repeated across sessions. To determine if any
behavioral characteristic was related to ethanol consumption for SPS and control animals,
Pearson correlations and multiple linear regressions were completed using SPSS.
GraphPad Prism 8 (La Jolla, CA) was used when implementing unpaired t-tests, one-way
ANOVA’s, and two-way ANOVAS.
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3.3 Results
3.3.1 Behavioral characterization following SPS or control handling and subsequent
ethanol consumption
In order to determine if behaviors following SPS or control handling could be
used as a predictor of subsequent ethanol consumption, anxiety-like, fear-like, and
depression-like behaviors were measured. It was hypothesized that behavioral
characterization including anxiety-like, fear-like, and depression-like behaviors following
SPS and control handling would be predictive of future ethanol consumption. The open
field test performed on day 9 after SPS or control handling and elevated plus maze
performed on day 10 were used to assess anxiety-like behavior. Cue-reactivity was used
to analyze fear-like behavior and was tested on day 11. On day 12, depression-like
behavior was assessed using the forced swim test.
During the open field test, adolescent females exposed to SPS spent significantly
less time in the center or the arena compared to control handled rats (Fig. 7A; two-tailed
unpaired t-test: t (22) = 2.423 P = .0241). These results indicate that the SPS group had
significantly more anxiety-like behavior during the open field test. The elevated plus
maze, did not reveal any significant differences for time in open arm (t (22) = 1.270, P >
.05), or number or open arm entries (t (22) = 0.4123, P > .05) between SPS or control
handled groups. The cue-reactivity testing revealed no significant interaction between
control handled or SPS groups (F (1, 22) = 0.2566, P > .05), or main effect of control vs.
SPS (F (1, 22) = 1.804, P > .05). There was a significant difference in freezing during reexposure to the chambers with and without the tone, there was a higher seconds freezing
during tone than the habituation portion of the testing (F (1, 31) = 0.2637, P < .001). The
forced swim test showed that SPS exposed animals had significantly higher immobility
35

counts compared to the control handled animals (Fig. 7B; two-tailed unpaired t-test: t
(22) = 2.115 P = .0460) indicating that the SPS group had higher depression-like
behavior.
After the behavioral characterization was completed, both experimental groups
started the intermittent access two bottle choice procedure. Ethanol consumption over a
twenty-four-hour period was measured three times per week starting on day 15. Figure 8
shows mean ethanol consumption during 24 sessions for both SPS and control handled
rats. A mixed two-way ANOVA showed there a significant interaction between groups
and session (F (23, 503) = 3.248, P < .0001). The main effect of session was also
significant (F (5, 99) = 8.304, P < .0001). The main effect for SPS or control group was
not significant (F (1, 22) = 0.4900, P > .05) for adolescent female ethanol consumption
following SPS or control handling procedures. The interaction and main effect for session
were significant and further analyzed with post hoc testing using Bonferroni analysis
which did not show any significant differences.
3.3.2 Immobility time during forced swim is correlated with subsequent ethanol
consumption after SPS or control handling
Group mean analysis between SPS and control handled animals showed a
significant difference between groups (figure 8). The SPS group had significantly higher
immobility counts compared to control handled animals. Within the SPS group, there was
somewhat large but not significant degree of variability between subjects. To determine if
any behavioral characteristics were predictive of ethanol consumption after SPS or
control handling procedures, correlation analyses were completed. Both 24 hour and 30
min ethanol consumption time points were evaluated. A histogram was completed
comparing SPS and control animal drinking (figure 9).
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Figure 7
A)

B)

Figure 7. Anxiety-like and depression-like behaviors were significantly higher in
adolescent female rats exposed to SPS compared to controls. Anxiety-like and
depression-like behaviors in adolescent female rats were measured after SPS (N = 12) or
control handling (N = 12) with the open field test and the forced swim test. The SPS
group during open field test had significantly lower time in center (sec) compared to the
control group (Fig. 7 A. *P < .05). The SPS group had higher immobility behavioral
counts compared to the control group (Fig. 7 B. *P < .05).
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Figure 8

Figure 8. Adolescent female rats exposed to SPS consumed similar amounts of
ethanol as the control handled group across the 24 sessions. Mean ethanol
consumption (g/kg/24hr session) during sessions 1-24 were measured for the SPS (N =
12) and the control group (N = 12). A two-way ANOVA showed significant differences
for interaction (****P < .0001) and the main effect of session (****P < .0001); the main
effect for group, SPS or control, was not significant (P > .05). Bonferroni post-hoc
analysis did not show any significant differences.
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Figure 9

Figure 9. SPS and control ethanol intake (g/kg) on average during all sessions in
adolescent females. The average ethanol (g/kg) consumed by SPS (N = 12) and control
(N = 12) rats during the 8 weeks of ethanol exposure.
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It was found that correlations between ethanol drinking during the first 30 minutes of
access and immobility were significant. However, the correlation between 24-hour
ethanol consumption and immobility was not significant.
Immobility time in the forced swim test was a significant predictor of the first 30
minutes of ethanol consumption during weeks 2-4 during with a large effect size (Fig 10
A; Weeks 2-4; P = .0022, r = .5946). A high immobility time was strongly correlated
with high ethanol drinking during weeks 2-4. Weeks 7-9 average ethanol consumption
after the first 30 minutes of access was also significantly correlated with immobility
counts after SPS or control handling (Fig 10 B; Weeks 7-9 P = .0079, r = .5287) and there
was a moderate to large effect size between variables. Higher levels of immobility time
was predictive of higher ethanol consumption in the first 30 minutes of the sessions.
These results indicate that immobility score on the forced swim test is an important factor
to consider when evaluating adolescent female rats exposed to traumatic stress and
control handling.
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Figure 10
A)

B)

Figure 10. Depression-like behavior after SPS exposure or control handling was
predictive of the first 30 minutes of ethanol consumption in adolescent female rats.
Correlations between immobility counts on the forced swim test and average 30-minute
ethanol consumption during weeks 2-4 and 7-9 were completed with both SPS and
control groups (N = 24). Rats that had higher levels of immobility after SPS or control
handling also had significantly higher levels of ethanol consumption during the first 30minutes of access during weeks 2-4 (Fig. 10 A. P ** < .01, r = .5946) and weeks 7-9
(Fig. 10 B. P ** < .01, r = .5287). Both correlations moderated a large effect.
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3.4 Discussion
Behavioral responses of adolescent female rats were measured after traumatic
stress exposure or control handling to determine if a behavioral phenotype was predictive
of ethanol consumption. It was hypothesized that anxiety-like, fear-like, and/or
depression-like behaviors would be predictive of ethanol consumption. The relationship
between each behavioral endpoint and ethanol consumption was tested using correlation
analysis. Results from this study showed that in adolescent female rats depression-like
behavior was correlated with subsequent ethanol consumption.
The experiments in this study were designed to show the transition from traumatic
stress to ethanol consumption and to determine what behaviors predicted this transition.
In the human population, only a subset of individuals exposed to a traumatic event
develop PTSD and a co-occurring alcohol use disorder. After adolescent female rats were
exposed to SPS or control handling, their behaviors were analyzed, and they were
allowed access to ethanol using a two bottle choice procedure. Ethanol consumption was
measured after 30 minutes and 24 hours of ethanol access. This is a novel study because
previous research has not analyzed what individual factors are associated with higher
levels of ethanol consumption. Identification of predictive factors is critical to further
understand why some individuals are vulnerable and others are resilient even when
exposed to the same traumatic experience. This study helped to understand what factors
are important in predicting subsequent ethanol drinking in females exposed to traumatic
stress during adolescence.
Depression-like behavior after SPS or control handling was a significant predictor
of ethanol consumption during the first 30 minutes of access. This agrees with the clinical
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literature which indicates that depression is an important aspect of PTSD symptomology
(Clark and Kirisci, 1996; Clark et al., 1994). Traumatic stress exposure during
adolescence has been shown to lead to the development of depression, PTSD and alcohol
use disorder (Clark and Kirisci, 1996). PTSD and alcohol use disorder are demonstrated
to negatively impact adolescents leading to decreased economic and educational
attainment and increased risk for developing a substance abuse disorder during adulthood
(Copeland, et al., 2018; Carliner, et al., 2016). When adolescents are exposed to a
traumatic stress, it increases the risk for developing PTSD (Fincham et al., 2009; Hebert
et al., 2014; McGowan et al., 2009). These studies also show that some adolescents are
vulnerable to trauma while others are resilient. The current study showed there were
individual differences in depression-like behaviors that were associated with the amount
of ethanol consumed. Higher levels of immobility were correlated with higher levels of
ethanol consumption during the first 30 minutes of access. This is consistent with clinical
research that shows adolescents with PTSD and co-occurring alcohol use disorder also
commonly express symptoms of depression (Clark et al., 1994; Clark and Kirisci 1996).
No treatment exists specifically for PTSD and co-occurring alcohol use disorder
(Ralevski et al., 2014). The current study furthered the understanding of what factors may
contribute to individual differences in ethanol consumption in adolescent females that
were exposed to traumatic stress.
It has been shown that adolescent females are at higher risk for developing PTSD
that their male counterparts (Alisic et al., 2014). Adolescent females report more
victimization compared to males of the same age (Pooley et al., 2018). While adolescent
females are at a higher risk for developing PTSD, it remains unknown what causes the
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differences leading females to be at greater risk to develop PTSD. It is critical that future
research also investigate what behavioral factors are associated with the development of
PTSD and co-occurring alcohol use disorder in males. Further study will help advance
the development of behavioral and pharmacological preventative strategies to decrease
PTSD and co-occurring alcohol use disorder diagnose and increase the quality of life in
trauma-exposed individuals. Other behavioral characteristics aside from depression may
be more predictive of adolescent male ethanol drinking after traumatic stress exposure.
The results of this study show a clear behavioral link of depression and ethanol
consumption. It will be important to understand the neurobiological basis of vulnerability
or resiliency to traumatic stress. Future studies should investigate the differences in the
neuropeptide Y pathway in key brain regions including the basal lateral amygdala, central
nucleus amygdala, and bed nucleus stria terminalis between resilient and vulnerable
populations. Understanding the neurobiological underpinnings that lead to these
individual differences is critical for furthering pharmacological research efforts in
treating PTSD and alcohol use disorder in female adolescents, or prevention of the
development of an alcohol use disorder in persons with PTSD.
It has been demonstrated that depression is a common feature in PTSD and cooccurring alcohol use disorder in adolescent females (Clark et al., 1994; Clark and
Kirisci, 1996). The findings of this study is in accordance with previous literature and
enhanced the current understanding of PTSD and co-occurring alcohol use disorder in
adolescent females by showing depression-like behavior was predictive of ethanol
consumption. It is critical to research individual differences to understand why some of
the adolescent female population is vulnerable to developing PTSD and co-occurring
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alcohol use disorder and why others are resilient. Furthering the understanding of
underlying resilience and vulnerability to traumatic stress that leads to developing cooccurring alcohol use disorder will help develop a treatment for adolescent females and
stop the development of PTSD and co-occurring alcohol use disorder.
In adolescent female rats, to determine what behavioral factors were most
predictive of individual ethanol drinking after traumatic stress exposure or control
handling, correlation analyses were completed. Depression-like behavior was
significantly correlated to ethanol consumption during the first 30 minutes of access
during weeks 2-4 and 7-9 of ethanol drinking. The young adult male and female data
reported herein showed that fear-like behavior for males and anxiety-like behaviors for
young adult females were predictive of drinking, which differs from depression-like
behaviors that were predictive of the adolescent females drinking. Further investigation
of other factors that are predictive in female and male adolescent rats are needed to
understand why different factors are predictive depending on age and sex.
In addition, to understand what is driving the individual differences, analysis of
brain regions including the basal lateral amygdala, central nucleus of the amygdala and
bed nucleus stria terminalis are needed. Specifically, these investigations should study the
neuropeptide Y pathway to determine if this is a central component of these individual
differences. This knowledge will be helpful in developing strategies to protect the
vulnerable population from developing PTSD and co-occurring alcohol use disorder.
These investigations could also help the development of strategies to shift an individual
from being vulnerable to developing PTSD and co-occurring alcohol use disorder after
trauma exposure to being resilient.
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CHAPTER 4. ARTIFICIAL INTELLIGENCE IDENTIFIED RESILIENT AND
VULNERABLE YOUNG ADULT FEMALE RATS AFTER TRAUMATIC
STRESS AND ETHANOL EXPOSURE: INVESTIGATION OF NEUROPEPTIDE
Y PATHWAY REGULATION
4.1 Introduction
Post-traumatic stress disorder (PTSD) is a debilitating condition initiated by
traumatic stress exposure and is marked by a constellation of symptoms including
indelible memories and heightened sympathetic nervous system arousal (Atwoli et al.,
2015). In the United States 60% of males and 50% of females are exposed to at least one
traumatic stress during their lifetime (Kessler et al., 1995). However, of these individuals
only 15-30% go on to develop PTSD (Kessler et al., 1995). While males are exposed to
more traumatic stress during life, women have a greater incidence of PTSD (Kessler et
al., 1995). There is a 2:1 female to male ratio of individuals with PTSD (Kessler et al.,
1995). PTSD is highly co-occurring with other disorders including alcohol use disorder
(Kessler et al., 1997), and the rates of co-occurrence vary depending on factors such as
sex, age, military/civilian, and location (for review see Gilpin and Weiner, 2017).
American veterans diagnosed with PTSD are 3-4.5 times more likely to have a cooccurring AUD (Seal et al., 2011; Carter et al., 2011). PTSD usually precedes the
development of an AUD, and when PTSD and AUD present together, individuals have
worse outcomes and report more severe symptomologies of both disorders compared to
individuals with only PTSD or AUD (Seal et al., 2011; Carter et al., 2011).
Sex differences in the incidence of PTSD and co-occurring AUD exist. Women
are more likely to develop an AUD during the same year as they developed PTSD than
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men (Kessler et al., 1997; McCauley et al., 2012). Women show higher levels of
excessive drinking after a traumatic-stress exposure than men (Olff et al., 2007). The
average alcohol intake in women with PTSD is significantly correlated with coping
motives whereas it is not a significant indicator for men (Lehavot et al., 2014). Sex
differences may be present due to differential neurobiological mechanisms (Pineles et al.,
2017). Pathways that are affected differently by stressors in males versus females include
corticotrophin releasing factor (CRF), neuropeptide Y, glucocorticoid negative feedback,
and response to stimuli in the corticolimbic brain region (Bangasser and Valentino, 2014;
Rasmusson and Friedman, 2002).
Many useful animal models of PTSD exist, one of which is single prolonged
stress (SPS) (Cohen et al., 2011; Zoladz et al., 2012; Enman et al., 2015). SPS
recapitulates PTSD symptomology which is marked by increased negative feedback in
the hypothalamic-pituitary axis (HPA), and increased anxiety and fear behaviors (for
review see Daskalakis et al., 2014). Male and female rats respond differently to SPS
(Pooley et al., 2018; Keller et al., 2015). Female rats have lower fear retention and
enhanced glucocorticoid expression compared to males (Pooley et al., 2018). Unlike male
rats, female rats showed enhanced glucocorticoid receptor levels in the dorsal
hippocampus and no fear extinction deficits following SPS (Keller et al., 2015). Similar
to humans where only a subset of traumatic-stress exposed individuals develop PTSD and
co-occurring alcohol abuse, only a subset of rats exposed to SPS develop a robust
phenotype (Edwards et al., 2013; Manjoch et al., 2016). A major objective of this study
was to develop a method to identify sub-populations of rats based on behavioral
phenotypes that could be used to predict individuals that were vulnerable to the transition
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from traumatic stress exposure to ethanol consumption. Artificial intelligence analytical
methods were used to achieve this goal.
The second goal of this study was to investigate neurobiological mechanisms that
may underlie differences in individual susceptibility to ethanol consumption after
exposure to traumatic stress. Neuropeptide Y (NPY) has been shown to buffer highly
stressful stimuli by increasing resiliency to traumatic-stress exposure (Wu et al., 2013).
Humans with PTSD have lower levels of NPY compared to controls in both CSF and
plasma (Sah et al., 2009; Sah et al., 2014; Rasmusson et al., 2010; Yehuda et al., 2006).
Further, when PTSD goes into remission, NPY levels recover (Yehuda et al., 2006).
Importantly, promising results have been obtained from clinical trials suggesting that
intranasal NPY can reduce anxiety in PTSD patients (Sayed et al., 2018). In animal
models of traumatic stress, NPY intranasal administration as an early intervention
prevents development of PTSD-like symptoms in male rats (Serova et al., 2013; Laukova
et al., 2014; Sabban et al., 2015). NPY has also been associated with ethanol
consumption. Administration or overexpression of NPY decreases ethanol intake in
humans and rodents (Mayfeild et al., 2002; Badia-Elder et al., 2001; Thorsell et al., 2005;
Thorsell et al., 2000). NPY binds to Y1, Y2, Y4, Y5, and Y6 GPCR receptor subtypes
with equal binding affinity (Michel et al., 1998). In the central nervous system, Y1 and
Y2 are the most predominantly expressed receptors with Y1 receptors located on postsynaptic dendrites and Y2 receptors located on pre-synaptic terminals. As such, Y2
receptors are inhibitory to the release of NPY, glutamate or GABA depending on the cell
type. In general, Y1 receptor activation produces anxiolytic effects, whereas Y2 receptor
agonists are anxiogenic (for review see Tasan et al., 2016). Y1 and Y2 receptors are
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found in regions of the amygdala and extended amygdala including the basolateral
amygdala (BLA), central nucleus of the amygdala (CeA), and bed nucleus stria terminalis
(BNST; Mackay et al., 2019; Wood et al., 2016; Tasan et al., 2016). These regions were
chosen for this study because they are critical for fear- and anxiety-related behaviors and
ethanol consumption (Langevin et al., 2016; Gilpin et al., 2015; Hawley et al., 2010; and
Pleil et al., 2015).
The goals of this study were to, first, develop a method to reliably forecast which
individual rats would consume greater amounts of ethanol following SPS exposure, based
on their behavioral phenotype. The second goal of this study was to use this classification
to investigate levels of NPY and its receptors in brain regions associated with processing
fear stimuli, anxiety, and ethanol consumption in rats predicted to be resilient or
vulnerable to heightened ethanol consumption following traumatic stress exposure, but
prior to exposure to ethanol. As women are twice as likely as men to have PTSD and use
ethanol as a significant coping mechanism (Lehavot et al., 2014), female rats were
selected for the completion of this study. Results are presented herein that demonstrate
that an artificial intelligence algorithm can reliably identify individuals based on anxietylike behaviors after traumatic stress exposure that go on to consume higher or lower
amounts of ethanol, and that these populations have differences in NPY in the amygdala
and extended amygdala.
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4.2 Methods
4.2.1 Subjects
Female Sprague-Dawley rats, ordered at 8 weeks of age (Charles River
Laboratories, Wilmington, MA), were used in all studies. Rats were allowed to acclimate
to the new environment after arriving for 2 days, followed by 4 to 8 days of minimal
handling and daily weighing in preparation for experiments. Rats were housed in a
humidity-controlled environment on a 12-h light/dark cycle (lights on at 0700). Animals
had continuous access to food and water except during behavioral testing and were
housed in pairs with no enrichment devices. All studies were conducted in accordance
with the Guide for the Care and Use of Laboratory Animals (National Research Council,
2011). Temple University Institutional Animal Care and Use Committee of Temple,
University approved all experimental protocols.
4.2.2 Experiment 1: Phenotypical analysis of anxiety-like behaviors and subsequent
ethanol consumption in female rats exposed to traumatic stress.
a. Modified Single Prolonged Stress (SPS)
Following acclimation to the facility, rats went through a modified singleprolonged stress (SPS) procedure (N= 17) based on the methods of Liberzon et al., (1997;
Enman et al., 2015; Toledano and Gisquet-Verrier, 2014) or control handling (N=16). For
an experimental time-line see figure 11. On experimental Day 1, rats were exposed to a
novel chamber for ten minutes, during which an intermittent tone played (70-80 dB) for
the last 5 minutes. Rats in the SPS group were then placed into individual decapicone
restraint devices for 2 hours. Restraint was followed by a group swim of 6-8 rats (round
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Figure 11. Young Adult females experiment timeline including traumatic stress or
control handling, behavioral characterization, and ethanol exposure.
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swim tank: 42 cm tall × 55 cm diameter, water 23-25C) for 20 minutes. Rats were dried
and put back into the novel chamber for 10 min following the same protocol as above (ie,
tone present for last 5 minutes). Then rats were rendered unconscious with isoflurane.
Rats were returned to home-cages, housed in pairs and left undisturbed for 7 days except
for addition of food and water. Control animals were exposed to the novel chambers
twice for 10 minutes each according to the same time schedule as the SPS rats. Control
rats were housed in pairs, minimally handled and weighed during the 7-day period that
SPS rats were undisturbed.
4.2.3 Behavioral Phenotyping
a. Open Field Test
After single-prolonged stress or control handling was complete, animals were
tested with the open field test on Day 9 in order to assess anxiety-like behavior after
traumatic-stress exposure or control handling. On Day 9, rats were individually placed in
the center of the open field arena (45 cm X 45 cm) and their behavior was video recorded
for 10 minutes. The lighting in the center of the open field was approximately 75 lx and
the corners were approximately 45 lx. Videos were scored for the number of entries and
amount of time spent in center which was defined as head and shoulders across the
threshold of the center area (15 cm X 15 cm).
b. Elevated Plus Maze Testing
Elevated plus maze performance was tested on Day 10 following SPS or control
handling as a second measure of anxiety-like behavior. The apparatus was built out of
black plastic (San Diego Instruments). The dimensions of the closed arms of the maze
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were 48.3 X 10.2 X 50.8 cm; L X W X H, it was 35.6 cm off the ground, and the open
arms were 48.3 X 10.2 cm; L X W. Light levels in the closed arms were approximately
50 lx and the open arms were approximately 150 lx. Rats were placed in the center of the
maze and video recorded for 10 minutes. Videos were scored for time and entries into
the closed or open arms which were defined by the head, shoulders, and front paw
entering an arm and time spent on the open arms.
c. Reactivity to Trauma-Associated Cues
Using cues paired during SPS or control handling, cue-reactivity responses were
measured using methods similar to Toledano and Gisquet-Verrier (2014). On Day 11, rats
were placed into a chamber for 10 minutes and then during the last 5 minutes were played
an intermittent tone (70-80 dB) following the same SPS and control handling procedures
as described above. Behaviors were video recorded for 10 minutes. Videos were scored
for freezing behaviors which was defined as the absence of any movement except
respiration; time spent freezing and the number of freezing episodes were measured
during the two five-minute periods.
d. Forced Swim Test
Depression-like behaviors were measured using a one-trial forced swim test on
Day 12. The swim test occurred in glass cylinders (46 cm X 20 cx diameter) filled with
23- 25oC water to a depth of 36 cm. Rats were placed in the swim tank for 5 min and
their behaviors were video recorded. Rats were removed from the water, dried, and
returned to their home cages. Behavior was classified as immobile if the rat exhibited no
additional activity other than that necessary to remain a float, swimming if there was
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forward movement through the tank, and climbing if there was upward movements of the
forepaws against the tank sides. For all behavioral phenotyping, videos were scored by
two investigators, at least one blind to treatment group. Scores were averaged for the final
data set.
4.2.4 Two-Bottle Choice Intermittent Access to 20% Ethanol
After traumatic-stress (SPS) or non-stressed control handling and behavioral
testing, rats had intermittent access to 20% ethanol using a two-bottle choice procedure
(Vasudeva et al., 2015; Simms et al., 2008; Wayner et al., 1972). After behavioral testing
was complete, each rat was singly housed in a standard rat cage with two drinking bottles
secured to the wire top of the cage. On Monday, Wednesday, and Friday, one bottle
contained drinking water and the other contained 20% ethanol in drinking water for 24
hours. On the remaining days, the two drinking bottles contained water only. The bottles
were weighed every 24 hours and ethanol presented in a counterbalanced way to avoid
side preference. Ethanol was available in this manner for 24 sessions over 8 continuous
weeks, beginning on Day 15 after SPS. The amount of ethanol consumed during each 24hour session was calculated as follows: [ethanol fluid (g) consumed X 0.162]/kg body
weight to account for the specific density of ethanol in a 20% ethanol solution (Fisher et
al., 2017). In addition to total ethanol consumption, ethanol preference was calculated as
[ethanol fluid intake (g)/ (ethanol fluid intake (g) + water fluid intake (g)] *100 to
indicate what percent of daily fluid intake was derived from the ethanol solution.
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4.2.5 Artificial Intelligence- Support Vector Machine
In order to predict which animals were vulnerable, resilient, or neither to
subsequent ethanol consumption following traumatic stress in a reliable and reproducible
way, an artificial intelligence algorithm was developed. A support vector machine which
is a supervised machine learning algorithm was chosen. The support vector machine was
trained and tested to classify and predict which rats would be resilient, neither, or
vulnerable based on data from open field time in center and elevated plus maze number
of open arm entries. Training and test data included the cohort of rats (N=17) exposed to
SPS described in Experiment 1. The variables used to complete this were open field time
in center, elevated plus maze number of open arm entries, and average ethanol
consumption during weeks 6-8 (sessions 16-24). All variables were converted to z scores
for algorithm development. Using the behavioral scores, the algorithm was trained to
predict ethanol consumption subsets as resilient, neither, or vulnerable from the K-means
cluster. Labeled data for the support vector machine came from the unsupervised kmeans cluster and formed the 80% of training data and 20% of test data used to build the
support vector machine. The individual animals were randomly selected for training or
test groups by the algorithm and this is reproducible if using a set.seed(125) function.
This allowed the training and test data to be randomly selected and it is reproducible.
This trained machine learning algorithm was used in Experiment 2 (below) to identify
resilient and vulnerable animals for the molecular experiments without requiring
subsequent ethanol exposure for phenotyping. Training data from a cohort of controls (N
= 16) was collected and the same methods as stated above were applied to generate a
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second support vector machine algorithm to filter out animals with naturally higher
ethanol consumption.
4.2.6 Experiment 2: Investigation of NPY as a factor underlying vulnerability or
resilience to heightened ethanol consumption following traumatic stress
Female rats in a second experiment underwent SPS (N = 56) or control handling
(N = 24) followed by testing for anxiety-like behaviors on the open field test on Day 9
and elevated plus maze on Day 10 as described above for Experiment 1. Values for time
in center of the open field test and entries into the open arms of the elevated plus maze
were analyzed by the algorithm developed from Experiment 1 in order to identify
individual rats that classified as vulnerable or resilient to the traumatic stress and
subsequent ethanol drinking. Values from control rats were analyzed in a similar manner
to identify if any scores predicted an ethanol preference. Controls were selected with a Z
score of 1.0 or less on open field time in center and 0.0 or less on elevated plus maze
number of open arm entries.
4.2.7 Brain Tissue Collection
On Day 12, 48 hours after elevated plus maze testing, rats were briefly exposed to
CO2 and decapitated in an unconscious state. Brains were rapidly removed, immersed in
isopentane cooled to -40°C for 30 sec and stored at -80°C. Frozen brains were sectioned
in a cryostat at 15°C into 300 um sections. The basolateral amygdala (BLA), central
nucleus of the amygdala (CeA), and bed nucleus stria terminalis (BNST) were collected
using 1 mm diameter punches taken bilaterally from two adjacent 300 um sections
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according to the rat atlas of Paxinos and Watson (2007). Dissected brain samples were
stored at -80C until processed for RNA and protein isolation.
4.2.8 RNA and Protein Extraction from Brain Tissue
Protein and RNA were extracted from frozen tissue samples using the mirVanna
PARIS RNA and Native Protein Purification Kit according to the manufacturer’s
instructions (#AM1556, Life Technologies, Carlsbad, CA). All protein and gene
expression assays were performed by an experimenter who was blinded to experimental
group.
4.2.9 qRT-PCR
RNA concentrations were measured with a NanoDrop 2000 spectrophotometer
(Thermo Fisher Scientific). Before synthesizing cDNA with the High-Capacity cDNA
Reverse Transcription Kit (Applied Biosystems, Waltham, MA), RNA samples were
diluted to the same RNA concentration. RT-PCR quantification was completed using
TaqMAN Fast Advanced Master Mix and TaqMAN Gene Expression Assays (Thermo
Fisher Scientific, Warrington, United Kingdom) for neuropeptide Y (Rn00561681_m1),
neuropeptide Y Y1 receptor (Y1, Rn02769337_s1), neuropeptide Y Y2 receptor (Y2,
Rn00576733_s1), and control 18s rRNA (Rn4319413E). The Ct method was used to
calculate relative fold change (Livak and Scmittgen, 2001) between controls, resilient and
vulnerable rats.
4.2.10 ELISA
Neuropeptide Y (NPY) levels were measured in individual brain regions using
protein that was extracted by the miRVANA kit. Total protein was quantified using a
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BCA analysis (Rn23227, ThermoFisher Scientific, Waltman, MA). NPY was quantified
by ELISA (S-1145, Peninsula Laboratories International, Inc (San Carlos, CA). Protein
from each tissue sample was run in triplicate on 96-well microplates lined with
neuropeptide Y selective polyclonal antibody specific for rats, together with NPY
standards. Optical densities were measured using FluoroStar spectrophotometer (BMG
Labtech, Ortenberg, Germany). NPY values in the samples were calculated by
comparison to the NPY standard curve using linear regression analysis (Graphpad Prism).
4.2.11 Data Analysis
Behavioral data were analyzed using an unpaired two-tailed t-test. Ethanol
consumption across sessions was analyzed by two-way repeated measures ANOVA.
Pearson correlations and multiple linear regression were used in the analysis of the
relationship between behavioral endpoints and ethanol consumption. Behaviors that were
not significantly correlated can be found in the appendix. Sub-populations were analyzed
with k-means cluster and predictive categorization of resilient and vulnerable populations
was completed by training a support vector machine (SVM). In the analysis of gene
expression and protein levels, outliers were considered to be >2 SD from the means and
were removed from the data sets. This resulted in removal of 7 out of 279 values from
qRT-PCR assay. GraphPad Prism 8 (La Jolla, CA) was used for unpaired two-tailed ttest, one-way analysis of variance (ANOVA), and Pearson correlation. SPSS (IBM,
Armonk, NY) was used for the multiple linear regression and k-means cluster. R version
3.5.2 (Vienna, Austria) and RStudio (RStudio Team, Boston, MA) were implemented for
the construction and use of the support vector machine.
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4.3 Results
4.3.1 Experiment 1: Anxiety-like behaviors and ethanol drinking following SPS
The first aim of this study was to determine if behavioral phenotyping following
traumatic stress exposure in female rats could be used to predict individual vulnerability
or resilience to ethanol drinking. The prediction was there would be interindividual
variability in anxiety-like behaviors after a traumatic-stress exposure and enhanced
ethanol consumption following SPS exposure and that these two factors would be related.
In experiment 1, SPS and control handled rats were tested on the open field test (Day 9)
and elevated plus maze (Day 10) to assess anxiety-like behaviors. Analysis of group
means revealed a trend towards less time in center of the open field for SPS rats
compared to controls, however this difference was not statistically significant (Fig. 21A;
two-tailed unpaired t-test: t (31) = 1.864, P = .0718). Results from the elevated plus maze
showed that there were no significant differences in open arm entries (Fig 12B; (t (31) =
0.1782, P > .05), time in open arms (SPS: 140.0 sec +/- 18.05 vs. controls: 130.3 +/15.29; t (31) = 0.4070, P > .05), or total number of arm entries (SPS rats: 32.65+/- 2.369
vs controls: 30.75 +/- 2.25 number of entries; t (31) = 0.5792, P > .05) between SPS and
control groups. There were no significant differences between control and SPS rats in
freezing to cues (Context SPS: 46.82 +/- 7.72, context + tone SPS: 127.06 vs.
17.91context controls: 46.69 +/- 11.45 and context + tone: 95.31 +/- 15.41) or immobility
on the forced swim test (SPS: 31.91 +/- 2.23 sec vs controls: 36.7 +/- 2.47 sec).
Following testing for anxiety-like behaviors, rats were provided access to ethanol in a
two-bottle choice procedure. Twenty-four hour ethanol consumption was measured three
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Figure 12
A)

B)

Figure 12. Anxiety-like behavior after traumatic stress or control handling did not
show significant group mean differences in young adult females. Anxiety-like
behaviors were measured 7-8 days following SPS (N = 17) or control handling (N = 16)
using the open field test and the elevated plus maze. Behavior in the open field test
revealed that rats exposed to SPS spent less time in center compared to non-stressed
controls, however this was not statistically significant (Fig. 12 A. P = .0718).) Elevated
plus maze testing showed no significant differences in the number of open arm entries
between SPS and non-stressed control rats (Fig. 12 B. P > .05).
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times per week for 8 weeks for a total of 24 sessions commencing on Day 15. Figure 13
shows mean ethanol consumption for SPS and control rats for each drinking session.
Using a mixed-effect two-way ANOVA, there was a significant main effect of
experimental group (F (6, 183) = 6.853, P < .0001), no significant main effect of session
(F (1, 31) = 0.2637, P > .05), and a significant interaction (F (23, 663) = 1.711, P =
.0207). Bonferroni’s post-hoc analysis did not reveal any significant differences between
SPS and control ethanol consumption on any session. A histogram was used to show the
SPS and control drinking averages (figure 14).
4.3.2 Anxiety-like behaviors in SPS population identified to predict subsequent
ethanol consumption
Analysis of group means for open field testing and elevated plus maze did not show
significant differences between SPS and control-handled rats. However, there was high
variability in anxiety-like behaviors and ethanol drinking suggesting individual
differences in response to traumatic stress exposure. Subsequent analyses were performed
to identify predictive factors linked to heightened ethanol consumption following
traumatic stress exposure. In order to determine which measures were most predictive of
ethanol consumption during weeks 6-8 when ethanol drinking was well-established,
correlation analyses were performed. Individual control and SPS animals’ scores for open
field time in center were strongly correlated with ethanol consumption in weeks 6-8, with
a large effect size (Fig. 15A; P = .0026, r = - .5076). Elevated plus maze number of open
arm entries was not significantly correlated with ethanol consumption in weeks 6-8 (Fig.
15B; P > .05, r = -.2431). Likewise, there was no significant correlation between any
measures of cue reactivity or forced swim and ethanol drinking. These results indicate
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Figure 13

Figure 13. SPS exposed young adult females consumed higher levels of ethanol than
the control group. Mean ethanol consumption (g/kg/24hr session) for sessions 1-24 was
similar between SPS exposed (SPS, N = 17) and non-stressed controls (N = 16, P > .05).
There was a significant main effect of session (****P <.0001), and a significant
interaction between session and control/SPS main effects (*P < .05). Bonferroni multiple
comparisons test showed that SPS rats had significantly higher ethanol consumption than
controls during session 20 (*P < .05).
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Figure 14

Figure 14. SPS and control ethanol intake (g/kg) on average during all sessions in
young adult females. The average ethanol (g/kg) consumed by SPS (N = 17) and control
(N = 16) rats during the 8 weeks of ethanol exposure.

63

Figure 15
A)

B)

Figure 15. Anxiety-like behavior after SPS or control handling was significantly
predictive of subsequent ethanol consumption during weeks 6-8 in young adult
females. Open field test and elevated plus maze were separately correlated with ethanol
consumption. Time in center during open field testing was a predictive factor for ethanol
consumption during weeks 6-8. Both non-stressed controls and SPS-exposed animals (N
= 33) were included in the correlations. Time in center during open field was a significant
indicator of ethanol consumption after SPS or control procedures in weeks 6-8, with a
large effect size (Fig. 15 A. P ** < .01, r = -.5076). Open arm entries during elevated
plus maze testing was not a significant predictor of ethanol consumption during weeks 68 (Fig. 15 B. P > .05, r = -2431). SPS and control handled animals were used in this
correlation (N = 33).
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that the endpoint of time in center of the open field test was most predictive of
subsequent ethanol consumption.
To determine if multiple behavioral variables after control handling or SPS were
significantly related to ethanol drinking and would provide a better predictive model, a
multiple linear regression was conducted. When used together, open field time in center
and elevated plus maze number of open arm entries factors were significantly correlated
to ethanol drinking during weeks 6-8 (F(2,32) = 8.93, P = .001). The predictive power of
these factors was moderately large based on the R2 = .37, adjusted R2 = .33 (table 1).
Other combinations including reactivity to trauma-associated cues and immobility
on the forced swim test were assessed using correlation and multiple linear regression
analysis, however they were not significant predictors of ethanol consumption during
weeks 6-8. When a multiple linear regression analysis was applied to anxiety-like
endpoints of open field time in center and elevated plus maze number of open arm entries
together these factors were most predictive of subsequent ethanol consumption with a
moderate effect size. As such, these two variables were used to develop an algorithm to
identify individuals resilient or vulnerable to SPS-induced anxiety and ethanol drinking.
4.3.3 K-means cluster unsupervised machine learning algorithm identified three
subpopulations within the SPS group based on anxiety-like behavior and
subsequent ethanol consumption
To determine if different populations existed within the SPS group (N = 17), an
unsupervised machine learning algorithm, k-means cluster was completed to identify
subpopulations in an unbiased way (Fig. 15 and table 2). The machine learning algorithm
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Table 1. Open field and elevated plus maze factors together were strongly predictive
of subsequent ethanol consumption in young adult females. Results of multilinear
regression analyses of individual responses to SPS exposure characterized by open field
test time in center and elevated plus maze number of open arm entries predicting
subsequent ethanol consumption during weeks 6-8. In young adult females, both factors
were significant and strong mediators for average 24-hour session of ethanol
consumption during weeks 6-8.
Equation Factors

Correlation

B

β

Open Field

-.006

-.619

.018

-3.801

.001

-.147

-.010

Elevated Plus Maze

-.051

-.555

.135

-3.407

.025 -.658

-.641

Predictors

SE
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t

P

bivariate

partial

Table 2. In the traumatic stress group, three significantly different subpopulations
emerged after k-means cluster analysis. The factors used for clustering included the
open felid test (OFT) time in center, elevated plus maze (EPM), and ethanol (EtOH)
consumption during weeks 6-8. These main factors were significantly different for each
cluster (P < .01). The k-means (N = 3) cluster showed subpopulations including resilient,
neither, and vulnerable group subpopulations.
Resilient (N = 4) Neither (N = 6) Vulnerable (N = 7)
Mean (SD)
Mean (SD)
Mean (SD)

F Pairwise Contrasts

OFT

1.32 (.88)

-.70 (.58)

-.15 (.57)

11.81*** 1 > 2***,1>3**

EPM

1.11 (1.05)

.14 (.70)

-.75 (.45)

9.08**

1>3***

EtOH
weeks 6-8

-.75 (.55)

-.59 (.60)

.94 (.66)

** P <.01
*** P <.001
**** P <.0001
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13.99*** 1<3***, 2>3***

Figure 15

Figure 15. Three significantly different subpopulations, resilient, neither, and
vulnerable were found in the traumatic stress exposed group using anxiety-like
behaviors from open field time in center, elevated plus maze number of open arm
entries, and ethanol consumption during weeks 6-8. A k-means cluster (N = 3)
analysis for resilient (N = 4), neither (N = 6), and vulnerable (N = 7) groups showed 3
significantly difference population clusters. These different sub populations within the
traumatic stress exposed group were based on open field time in center, number of open
arm entries during elevated plus maze testing, and average 24-hour ethanol intake during
weeks 6-8 factors in young adult females. All factors were compared using z scores.
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was implemented using SPSS software (IBM, Armonk, NY). K-means is a
nonhierarchical clustering analysis that separates subpopulations (Forgy., 1965; Hartigan
and Wong, 1979; Nanetti, et al., 2009). Open field time in center (sec), elevated plus
maze number of open arm entries, and average ethanol consumption during weeks 6-8
(gm/kg body weight) were converted into z-scores for this analysis to ensure equitable
comparison.
The population classification revealed the SPS groups clustered into 3 distinct
subpopulations. One cluster, which was classified as the resilient group, had both low
anxiety-like behavior and low ethanol consumption (N = 4), whereas another cluster,
termed the vulnerable group, had high anxiety-like behavior and high ethanol
consumption (N = 7). As seen in figure 15 and table 2, the k-means factors were
significant for open field time in center (F(2,14) = 11.810, P = .001), elevated plus maze
number of open arm entries (F(2, 14) = 9.081, P = .003) and average ethanol
consumption during weeks 6-8 (F(2, 14) = 13.9987, P < .001). A similar algorithm was
generated for the rats exposed to control handling (N=16) in order to determine if a
subset of the control population was predisposed to an ethanol preference (data not
shown, cluster N = 4). Results identified 3 rats that showed high anxiety on open field
time in center and high ethanol consumption.
4.3.4 K-means cluster subpopulation validation
In order to further demonstrate that the k-means cluster analysis identified two
different subpopulations of SPS rats, resilient and vulnerable groups were compared for
anxiety-like behaviors and ethanol consumption during weeks 6-8. The vulnerable rats
spent significantly less time in the open field center (Fig. 17; two-tailed unpaired t-test: t
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Figure 17

A)

B)

C)

D)

Figure 17. Within the adult female traumatic stress group, the vulnerable
subpopulation had significantly higher anxiety-like behavior, ethanol consumption
and ethanol preference compared to the resilient subpopulation. Behavioral
characteristics of rats classified as resilient (N = 4) or vulnerable (N = 7). Vulnerable rats
spent significantly less time in center during the open field test compared to the resilient
group (Fig. 17 A. **P < .01). Vulnerable rats also had significantly lower numbers of
open arm entries during elevated plus maze testing (Fig. 17 B. **P < .01). During weeks
6-8 following SPS, the vulnerable rats consumed significantly more ethanol than resilient
rats (Fig. 17 C. **P < .01). Vulnerable rats had significantly higher ethanol preference
during weeks 6-8 compared to the resilient group (Fig. 17 D. ****P < .0001). Data are
expressed as means +/- SEM and data analyzed by two-tailed t-tests.
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(9) = 3.386, P = .008), had significantly less elevated plus maze open arm entries (Fig. 17
B; t (9) = 4.197, P = .0023) and consumed significantly more ethanol during weeks 6-8
(Fig. 17 C; t (9) = 4.197, P = .0023) than resilient rats. Likewise, vulnerable rats had a
greater preference for ethanol than resilient rats during weeks 6-8 (Fig. 17 D; t (16) =
7.512, P < .0001).
These results demonstrate that the unsupervised machine learning algorithm
successfully identified two populations of rats, labeled as ‘resilient’ and ‘vulnerable’, that
were phenotypically different in terms of anxiety-like and ethanol drinking behaviors. As
such, the algorithm could be used in Experiment 2 to predict which rats would be resilient
or vulnerable to high ethanol consumption based on their anxiety scores alone following
SPS exposure.
4.3.5 Artificial intelligence algorithm using a supervised machine learning support
vector machine to predict resilient and vulnerable phenotypes
Using the subpopulations from the k-means cluster analysis, a support vector
machine was programed to predict resilient, neither, or vulnerable phenotype based on
anxiety-like behavior scores. A support vector machine is a supervised machine learning
algorithm that can be trained to effectively predict outcomes with future data sets (Noble,
2006). The classification support vector machine used a cost function of 10 and a gamma
function of 2 with a radial kernel. 80% of the data was used for training the algorithm and
20% was used to test the accuracy. The support vector machine was highly significant
and accurately predicted vulnerable, neither, or resilient individuals 75% of the time
using open field time in center and elevated plus maze number of open arm entries
classifiers (Confidence interval = 75%-100%, P <.00001).
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4.3.6 Experiment 2: NPY system regulation in vulnerable and resilient
subpopulations following SPS
Phenotype of resilient and vulnerable populations following SPS
A separate cohort of female rats underwent SPS (N = 56) or control handling (N =
24), followed by assessment of anxiety-like behaviors on the open field test and elevated
plus maze. Data on open field time in center and elevated plus maze number of open arm
entries were subjected to analysis by the algorithm developed in Experiment 1 in order to
identify individual rats predicted to be vulnerable or resilient to high ethanol drinking. Of
the 56 rats that underwent SPS exposure, 10 were identified as vulnerable and 9 as
resilient using the algorithm. Using a similar approach, representative rats that underwent
control handling were selected by open field time in center z scores (z scores 1.0 and
less) and elevated plus maze z scores (z scores 0.0 and less) and consisted of 12 rats.
Analysis of behavioral scores for individuals identified as vulnerable, resilient or
controls demonstrated group differences in anxiety-like phenotypes. A one-way ANOVA
for open field time in center revealed a significant difference (Fig 18 A; F (2, 28) =
11.52, P = .0002). Bonferroni post-hoc tests showed the resilient group spent
significantly more time in center than the control (P < .01) and vulnerable group (P =
.0005); the control and vulnerable groups were not significantly different (P > .05). A
one-way ANOVA for elevated plus maze number of open arm entries revealed a
significant difference (Fig 18 B; F(2, 28) = 31.66, P < .0001). Bonferroni post-hoc tests
showed the resilient group had significantly more open arm entries than the controls (P <
.0001) and vulnerable group (P < .0001). Open arm entries for the control and vulnerable
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Figure 18
A)

B)

Figure 18. Resilient rats had significantly lower levels of anxiety-like behavior
compared to control and vulnerable rats. A separate cohort of rats were behaviorally
characterized after SPS and classified as vulnerable or resilient based on anxiety-like
scores using the algorithm developed. During open field, the resilient group spent
significantly more time in center than the vulnerable group (Fig. 18A. **P < .01) and
control group (***P < .001). There was no significant difference in time spent in center
between the vulnerable or control groups (P > .05). The elevated plus maze test showed
the resilient group had significantly higher open arm entries than the vulnerable (Fig 18B.
****P < .0001) and control (****P < .0001) group. There was no significant difference
between the vulnerable or control groups (P > .05) in open arm entries. Data are
expressed as means +/- SEM; controls N= 12, resilient N = 9, vulnerable N = 10.
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groups were not significantly different (P = .3680). Thus, rats identified as resilient
versus vulnerable following SPS exposure had significant differences in anxiety-like
behaviors.
4.3.7 NPY, Y1 and Y2 levels in the amygdala and extended amygdala of resilient
and vulnerable female rats
Levels of NPY protein, and Y1 and Y2 mRNA were measured by ELISA and
qRT-PCR respectively in three brain regions involved in stress responses and ethanol
drinking, the BLA, CeA, and BNST. Brain regions were obtained 48 hours following
their final behavioral testing. Results are shown in figure 18.
In the BLA, the levels of NPY were not significantly different between control,
resilient and vulnerable groups (Fig 19 A; F(2, 27) = 1.681, P > .05). There was a
significant difference in Y1 mRNA expression (Fig 19 B; F(2, 26) = 6.304, P = .0059).
The Bonferroni post-hoc analysis revealed that the vulnerable group had significantly
higher expression of Y1 mRNA than the control group in the BLA (P <.01); there were
no significant differences between the control and resilient (P >.05) or the resilient and
the vulnerable group (P > .05). A one-way ANOVA determined no difference between
controls, resilient, or vulnerable rats in Y2 mRNA expression (Fig 19 C; F (2, 26) =
0.7155, P > .05).
In the CeA, a one-way ANOVA showed no significant differences in NPY levels
between groups (Fig 19 D; F(2, 27) = 0.5877, P > .05). Likewise, there were no
differences in Y1 mRNA expression (Fig 19 E; F(2, 27) = 2.019, P > .05).
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However, Y2 expression was significantly different between groups (Fig 19 F; F(2, 27) =
6.979, P = .0036). Bonferroni post-hoc analysis revealed that the resilient group had
significantly higher Y2 mRNA than the control (P <.01) and vulnerable groups (P <.05).
In the BNST, a one-way ANOVA determined that NPY protein levels were found
to be significantly different between groups (Fig 19 G; F(2, 27) = 6.497, P < .01). The
resilient group had significantly higher NPY levels compared to controls (P < .01),
vulnerable and controls (P > .05) and resilient and vulnerable were not significantly
different (P > .05). There was a significant difference in Y1 expression (Fig 19 H; F(2,
27) = 3.543, P < .05), however the Bonferroni post-hoc test was not significant. There
was no difference for controls, resilient, or vulnerable rats in Y2 mRNA (F(2, 28) =
2.644 P > .05) expression. Taken together, these data indicate changes in the NPY
system following SPS occurred in a brain region-specific manner and were dependent on
behavioral phenotype.
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Figure 19
A)

C)

B)

D)
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E)

F)

H)

I)
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J)

Figure 19. Resilient rats had significantly higher levels of Y2 mRNA in the CeA and
significantly higher levels of neuropeptide Y protein in the BNST compared to
vulnerable and control groups. Y1 mRNA was significantly higher for the
vulnerable compared to controls. Traumatic stress exposure differentially effected the
NPY pathway in resilient and vulnerable rats in a brain region-specific pattern. In the
basal lateral amygdala (Fig. 19 BLA; A-C), Y1 mRNA was higher in vulnerable
compared to the control group. In the central nucleus of the amygdala (Fig. 19 CeA; DF), resilient rats had higher Y2 mRNA levels than control and vulnerable groups. In the
bed nucleus stria terminalis (Fig. 19 BNST; H-J) resilient rats had higher levels of NPY
protein than the control group. Data are expressed as means +/- SEM; N= controls N= 12,
resilient N = 9, vulnerable N = 10, Post hoc tests: *P < .05 and **P < .01.
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4.4 Discussion
The current study investigated individual responses to traumatic stress exposure
and a potential neurochemical mechanism underlying these differences. Individual
differences in response to traumatic stress were hypothesized to influence subsequent
ethanol consumption. A novel artificial intelligence algorithm was trained to predict
resilient, neither and vulnerable phenotypes for ethanol drinking following SPS based on
anxiety-like behaviors. Using this algorithm, resilient and vulnerable subpopulations
were found to coexist within rats exposed to SPS. The experimental subjects used in this
study were young adult female rats. Females were chosen based on the clinical literature
which reports a higher incidence of PTSD and co-occurring alcohol use disorder in
women than men when corrected for the level of trauma exposure (Kessler et al., 1995),
and because of the dearth of information on females from preclinical studies of traumatic
stress and ethanol.
Using the SPS rat model of PTSD, female rats were exposed to the stressors and
their behaviors characterized by four tests that evaluated anxiety- and depression-like
responses, and reactivity to stress-related cues: open field test, elevated plus maze, cuereactivity and forced swim test. Following behavioral phenotyping, ethanol consumption
was measured using the intermittent ethanol two-bottle choice method for 8 weeks. These
procedures were selected to model the transition from traumatic stress exposure to
alcohol use disorder seen in clinical populations. Using this model, the study was
designed to create a method to predict individual differences in ethanol preference
following traumatic stress in order to investigate the neurobiological underpinnings
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driving enhanced drinking behavior. A limitation to some preclinical studies using PTSD
models has been the failure to consider individual responses to the stressor and how these
individual responses influence neuroplasticity and subsequent behavior, including
alcohol-seeking. The approach developed in this study provides a methodological
advance to the investigation of co-occurring stress disorders and ethanol drinking. Similar
to humans, only a subpopulation of experimental animals develops symptoms akin to
PTSD and heavy alcohol ingestion following exposure to traumatic stress. Combining
stress-exposed experimental subjects with and without the desired phenotype (in this
case, heightened anxiety and ethanol preference) could impact the validity of subsequent
analysis investigating the biological underpinnings of these disorders.
To investigate potential molecular mechanisms of heightened ethanol drinking
following traumatic stress, it was predicted that the NPY pathway would be altered
following stress exposure in a way consistent with vulnerability to the traumatic stress
and ethanol drinking. The study focused its investigation of the NPY system in areas of
the amygdala and extended amygdala that are known to be involved in fear response,
anxiety-like behaviors, and ethanol consumption. The BLA, CeA, and BNST are nuclei
in the amygdala and the extended amygdala (Tye et al., 2011; Jennings et al., 2013). The
BLA receives fear stimuli, the CeA exports fear stimuli, and the BNST has reciprocal
connections with the CeA (Pape and Pare, 2010; Rodríguez-Sierra et al., 2016). They
play key roles in fear learning, and dysregulated fear learning is a hallmark of PTSD
(Careaga et al., 2016). NPY, Y1 and Y2 are expressed in the amygdala and extended
amygdala (Wood et al., 2016; Tasan et al., 2016; Mackay et al., 2019). In general,
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activation of postsynaptic Y1 reduces anxiety, whereas activation of presynaptic Y2
increases anxiety-like behaviors (Sorensen et al., 2004; Bowers et al., 2012; Reichmann
and Holzer, 2016). NPY administration or overexpression is anxiolytic in several rodent
models, including in the elevated plus maze and open field tests (Heilig et al., 1989;
Broqua et al., 1995; Sørensen et al., 2004), and this is mediated primarily through
activation of Y1 (Bowers et al., 2012). The findings presented herein demonstrate the
NPY pathway is differentially regulated in areas of the amygdala and extended amygdala
of vulnerable and resilient populations. Vulnerable rats had higher levels of Y1 mRNA in
the BLA compared with controls. Resilient rats had significantly higher Y2 expression in
the CeA and NPY levels in the BNST than non-stressed controls.
In the BLA, NPY neurotransmission has been shown to play a role in modulating
anxiety and fear-related behaviors (Sajdyk et al., 2002; Tasan et al., 2010). When NPY is
directly injected into the BLA, animals show resilience to restraint stress and display
greater social behaviors compared to vehicle-injected shams (Sajdyk et al., 2008).
Likewise, intra-amygdala NPY attenuates conditioned fear expression (Fendt et al., 2009)
and enhances fear extinction, whereas Y1 antagonist inhibits fear extinction (Gutman et
al., 2008). In contrast, genetic knockdown of Y2 in the BLA decreases anxiety (Tasan et
al., 2010). These findings support the contention that Y1s decrease and Y2s increase
anxiety states and the regulation occurs, at least in part, at the level of the BLA. Our
results indicate that vulnerable rats were more anxious and had higher levels of Y1
mRNA in the BLA than controls but had similar levels of NPY. Our results are in
contrast to those Cui et al., (2008) who report increased NPY-immunoreactivity in
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neurons in the BLA 7 days following SPS in male rats. The rats were not behaviorally
phenotyped as vulnerable or resilient which may contribute to the differences in the
findings; our rats were at the two extremes in terms of behavioral responses to SPS.
There also may be differences between males and females in the regulation of NPY
following traumatic stress. Males and females need to be investigated side-by-side to
establish important sex differences in the biological responses to traumatic stress.
The CeA receives sensory inputs from the BLA and cortex, and in turn provides
behavioral output through the BNST. The BNST has reciprocal connects with the CeA
that are important in anxiety responses and ethanol consumption (Gilpin et al., 2015). As
a central component to this circuit, the CeA is critical for processing responses to
traumatic stress and regulating anxiety valence and alcohol drinking (Gilpin et al., 2015).
The results presented herein indicate that resilient rats had higher levels of Y2 mRNA in
the CeA than vulnerable rats. Elevated Y2 receptors in resilient rats may result in lower
fear responses in agreement with the findings of Verma et al., (2015) who demonstrated
that over-expression of a Y2 agonist, NPY3-36, specifically in the CeA diminishes
acquisition and recall during cued fear conditioning. The finding of lower Y2 mRNA in
the vulnerable group may indicate a down-regulation of presynaptic control of local
GABA interneurons or reduced Y2 expression by CeA projection neurons. Prior work
shows that genetic knockdown of Y2R mRNA in the CeA results in down-regulation of
Y2 binding within the CeA, but also in the BNST, nucleus accumbens shell, and locus
coeruleus (Tasan et al., 2010). Reductions of Y2 expression by CeA GABAergic
interneurons could result in disinhibition of GABAergic projection neurons from the CeA
to the BNST, thus potentially reducing anxiety and ethanol consumption in the resilient
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group (Pati et al., 2020). This possibility needs to be further explored. Although there is a
paucity of prior studies that have investigated the regulation of Y2 following SPS or other
traumatic stress models, it has been reported that SPS results in a reduction of Y2R
mRNA in the locus coeruleus of male rats compared with controls (Sabban et al., 2018);
Y2 mRNA in the amygdala was not measured.
The BNST has afferent and efferent connections with the CeA, which are
critically involved in the subjective feeling of anxiety and linked to alcohol consumption
(Gilpin, 2012; Avery et al., 2016). Results from the present study show that NPY levels
were higher in the BNST in the SPS-exposed resilient subpopulation compared to nonstressed controls. This is consistent with previous work showing that NPY, stress, and
ethanol consumption are related. Higher NPY levels in the BNST are associated with
increased adaptive coping in response to swim stress following chronic variable stressors
(Hawley et al., 2010). NPY signaling through Y1 in the BNST reduces ethanol binge
drinking (Pleil et al., 2015) and central administration of NPY suppresses alcohol seeking
after stress exposure (Cippitelli et al., 2010). High drinking in the dark (HDID-1) mice
have significantly lower NPY levels in the BNST compared to heterogeneous stock mice
(Barkley-Levenson et al., 2016). Thus, NPY expression in the BNST is inversely related
to stress responses including anxiety and ethanol consumption. In the present study, the
higher levels of NPY in the BNST of resilient rats may be neuroprotective against
harmful stressful stimuli and prevent increased anxiety and ethanol consumption.
Sex differences in anxiety-like behaviors and ethanol consumption have been
reported. For example, females exhibit higher locomotion and lower anxiety-like
behaviors during elevated plus maze testing compared to males, although responses to
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open field testing are not different (Scholl et al., 2019). During two bottle choice, female
rats self-administer more ethanol than male rats (Priddy et al., 2017). Further, different
responses to SPS have been reported between male and female rodents (Pooley et al.,
2018; Keller et al., 2015). The results presented here support prior work demonstrating
that high anxiety is predictive of ethanol consumption, and that a positive relationship
exists between anxiety-like behaviors and ethanol intake in females but not males (Izídio
and Ramos, 2007). Importantly, the present study also revealed that the phenotype after
SPS that was most predictive of high ethanol drinking was anxiety scores on the elevated
plus maze and open field test. It is possible that different tests may be more predictive of
ethanol consumption in males and this needs further investigation. Other work has shown
that female rats are more likely to drink during social isolation which is anxiogenic and
males are more likely to drink in groups, demonstrating anxiety is an important driver for
female ethanol consumption but not for males (Varlinskaya et al., 2015). The NPY
pathway also shows sex-dependent regulation in response to various types of stressors
(Karisetty et al., 2017; Forbes et al., 2012). These studies suggest there are inherent
differences in male and female responses to stress, including expression of anxiety-like
behaviors, ethanol consumption and NPY pathway regulation. Future investigations
measuring the predictive factors for later ethanol consumption in males is needed.
In summary, exposure to traumatic stress produces a range of responses in both
animal and human populations. It is important to study individual responses to stress
exposure in order to elucidate molecular mechanisms responsible for resilience and
vulnerability, as well as to consider effective prevention and treatment approaches. This
study developed and applied an artificial intelligence algorithm to identify individual
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differences following exposure to traumatic stress in female rats that enabled prediction
of resilience or vulnerability to subsequent ethanol consumption. Investigation of the
NPY pathway revealed that resilient animals had significantly higher levels of NPY in
the BNST and higher expression of Y2 in the CeA. This suggests that enhanced NPY
transmission in areas of the amygdala and extended amygdala may be important for
resilience to traumatic stress exposure and in preventing high ethanol consumption in
females. Artificial intelligence algorithms could be developed to detect and predict
individual differences in humans exposed to traumatic stress in order to create a
therapeutic intervention that shifts vulnerable individuals to a resilient phenotype.
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CHAPTER 5. SUMMARY OF CONCLUSIONS AND FUTURE DIRECTIONS
5.1 Summary of Conclusions
These experiments demonstrate clear behavioral sex and age differences in
response to a rat model of traumatic stress. The novel implementation of artificial
intelligence increased the categorization accuracy two-fold over the current industry
standard. Artificial intelligence determined which animals were vulnerable or resilient to
traumatic stress, pushing the bounds of our understanding. Neuropeptide Y was
investigated in young adult females in the amygdala and extended amygdala to determine
the role of the NPY pathway in resilient and vulnerable groups after traumatic stress.
This investigation was completed to further our understanding of the mechanistic
underpinnings of resilient and vulnerable phenotypes.
The effects of traumatic stress manifested differently in young adult males,
adolescent females, and young adult females. The series of experiments show that
different behavioral features after traumatic stress or control handling prognosticate
future ethanol consumption. In young adult males, fear-like behavior was predictive of
subsequent ethanol consumption. Depression-like behavior after traumatic stress
exposure or control handling in adolescent females was a significant indicator of future
30-minute ethanol consumption. Anxiety-like behavior for the young adult females was
predictive of ethanol consumption and artificial intelligence could accurately predict
resilient, neither, and vulnerable rats. Artificial intelligence successfully identified
subpopulations and this algorithm was used to determine resilient and vulnerable
populations for neuropeptide analysis.
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The neuropeptide Y pathway was investigated in young adult females to
determine the effects of traumatic stress in resilient and vulnerable subpopulations.
Neuropeptide Y was different in resilient, vulnerable, and control groups. In the BLA, the
vulnerable group had higher levels of Y1 mRNA compared to the control group. The
resilient group had higher levels of Y2 mRNA compared to both the vulnerable and
control groups. In the BNST, the resilient group had significantly higher levels of NPY
protein compared to the controls. These results demonstrate the neuropeptide Y pathway
is a viable target after traumatic stress.
Overall, this work increases our understanding of traumatic stress and what
characteristics predict vulnerability and resilience. The innovative use of artificial
intelligence predicting vulnerability or resilience based on behavior greatly furthered our
understanding. Neuropeptide Y may be a factor in resilient or vulnerability outcomes
after traumatic stress exposure. Developing artificial intelligence models for other animal
models of traumatic stress and for humans with PTSD is critical to gain insights and
predict outcomes. With a model that can anticipate if individuals are vulnerable to
traumatic stress exposure, they could be treated before PTSD and alcohol use disorder
develop. Pharmacological interventions using the Neuropeptide Y pathway could be used
intercept vulnerable individuals after traumatic stress and shift their outcomes to be more
like their resilient counterparts. Further research developing artificial technologies and
continuing to understand the neurobiological underpinnings of vulnerability are needed.
This work will lead to developing pharmacological interventions that prevent traumatic
stress exposed individuals that are vulnerable from developing PTSD and alcohol use
disorder.
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5.2 Future Directions
These experiments mark the beginning of artificial intelligence development for
preventing PTSD and co-occurring alcohol use disorder by predicting vulnerability or
resiliency based on behavioral characterization after traumatic stress exposure. This study
also furthers our understanding of the neurobiological underpinnings of resilient and
vulnerable manifestations specifically in the neuropeptide Y pathway in the amygdala
and extended amygdala. While this work greatly innovates and expands upon our current
understanding of PTSD and co-occurring alcohol use disorder, more research is needed to
gain a full understanding.
Machine learning algorithmics need to be further developed that include sex and
age in the training and testing data set. This work showed age and sex can influence
predictive factors. Therefore, it is an important consideration to improve artificial
intelligence development for PTSD and co-occurring alcohol use disorder. This study
investigated behavioral traits after traumatic stress exposure that were associated with
vulnerability or resiliency. Future studies should incorporate more variables to determine
if physiological or other behavioral factors are predictive of vulnerability or resiliency.
Plasma should be taken from the animals at varying time points after traumatic stress
exposure or control handling measuring neuropeptide Y and corticosterone. More
variables that predict phenotype after traumatic stress will continue to increase the
accuracy of the model.
These studies examined neuropeptide Y in the BLA, CeA, and BNST in resilient
and vulnerable groups compared to controls. The amygdala and extended amygdala are
critical regions for development of PTSD and co-occurring alcohol use disorder as
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described previously. Other brain regions are also involved in vulnerability and resilience
in PTSD and co-occurring alcohol use disorder and warrant further study. In the central
nervous system, Y1 and Y2 are the most predominantly expressed neuropeptide Y
receptors and are located in the prelimbic and infralimbic cortex, basolateral and central
nucleus of the amygdala, and dorsal and ventral hippocampus (Y2 only) (Saffari et al.,
2016; Dumont et al., 1990; Kask et al., 2002; Flood et al., 1989). In the prelimbic and
infralimbic both contain NPY+ neurons (Saffari et al., 2016). The prelimbic cortex
increases conditioned fear expression and infralimbic cortex enhances extinction (Saffari
et al., 2016; Vidal- Gonzalez, et al., 2006). Fear responses and traumatic cue reactivity
are strong indicators of PTSD and symptom severity (Kaczkurkin et al., 2017; Orr et al.,
2000; Pitman et al., 2011; Jovanovic et al., 2010). These should be investigated in both
male and female rats. Sex differences have been shown clinically, fear of anxiety, which
is the fear of experiencing anxiety symptoms, in men is a significant indicatory or PTSD
severity, but not in women (Reuther et al., 2010). Fear is a central tenet of the PTSD
diagnosis (Breslau et al., 1998). Further, inability to adequately impair fear is a PTSD
biomarker (Jovanovic et al., 2010). Considering the importance of fear in the
development and severity of PTSD, the prelimbic and infralimbic cortex are prime
candidates for further investigation. The hippocampus is important in fear memory and
cues paired with alcohol use disorder. The dorsal and ventral hippocampus contain NPY+
neurons (Li et al., 2015; Tasan, et al., 2016). The dorsal hippocampus plays an important
role in contextual cued fear information and fear extinction (Phillips and LeDoux, 1992).
The exact circuitry of the dorsal hippocampus and NPY is poorly understood (Li et al.,
2015; Tasan, et al., 2016). However, it has been shown that expression of NPY in the

89

dorsal hippocampus impairs long term potentiation via activation of Y2 receptors (Tasan
et al., 2016). Both the dorsal and ventral hippocampus are key candidates for further
study. They are both integral parts in fear which is a critical component in PTSD.
Overall, the prelimbic, infralimbic, dorsal and ventral hippocampus are key components
for fear learning and extinction and the NPY pathway and the warrant further
investigation in resilient and vulnerable subpopulations.
Epigenetic modifications are also known to modulate NPY expression during
ethanol consumption in rodent models (Pandey et al., 2008; Sakharkar et al., 2014). In
particular, after chronic ethanol administration, withdrawal causes amplified HDAC
activity and diminished acetylation of histones H3-K9 and H4-K8 and NPY protein in
Sprague-Dawley rats (Pandey et al., 2008). Further investigation determined in alcohol
preferring rats HDAC2 not HDAC4 is higher in the central nucleus (CeA) and medial
nucleus of the amygdala (MeA) but not the basolateral amygdala after chronic alcohol
administration (Sakharkar et al., 2014). Chromatin immunoprecipitation (ChIP) revealed
that increased HDAC activity negatively correlates with NPY levels in the CeA and MeA
of preferring rats (Sakharkar et al., 2014). The studies herein show that the BLA, CeA,
and BNST are important in resilient and vulnerable animals. Therefore, it would be
important to understand if epigenetic factors are additional components driving resilience
or vulnerability. Epigenetic mechanisms may also contribute to the development of
vulnerability or resiliency.
Research has shown that NPY administration after traumatic stress exposure can
be protective against freezing behavior and shift groups to be more resilient-like (Cohen
et al., 2012). This study investigated administration 1 hour after predator scent stress
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exposure and looked at 3 subpopulations. Statistical analysis of their model was lacking.
Specifically, it should have added population analytics to characterize the groups. The
study used cut off criteria to determine groups which is not as rigorous or reproducible as
implementing population analytics that account for measurement error, individual
variability on each test type used, and population variability. To build upon what Cohen
et al (2012) showed, incorporating the artificial intelligence model developed in this
study could be used to determine if NPY administration after traumatic stress exposure
promotes resilience. Another study showed that NPY administration 30 minutes prior or
during SPS decreased FST immobility compared to controls (Serova et al., 2013). This
study did not investigate subpopulations and administering NPY before or during
traumatic stress exposure is not very translatable. Most types of traumatic stress are
unpredictable such as a car accident or assault, therefore administration of NPY would be
more translatable if administered after traumatic stress was applied. Further studies
investigating vulnerable and resilient groups with NPY administration is needed.
Estrogen and testosterone have been shown to have interactions with NPY. The
majority of studies show that females have lower levels of NPY expression during
unstressed conditions compared to males (Nahvi and Sabban, 2020). Age and sex also
plays a large role in the NPY pathway (Nahvi and Sabban, 2020). NPY increases with
age in women but not men (Taniguchi et al., 1994). NPY levels are higher in the
hypothalamus of older women (59-86) compared to younger women (21-39; Escobar et
al., 2004). Unlike in women, NPY levels decrease in men as they age (Sohn et al., 2002;
Sahu et al., 1988; Sahu et al., 1990) Overall, these studies show that as women age their
levels of NPY increase and as men age their levels of NPY decrease. These age- and sex-
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related difference in NPY levels may contribute to different levels of PTSD and warrant
further investigation.
The results presented herein show there are resilient and vulnerable
subpopulations in the traumatic stress population. The novel artificial intelligence
technology invented to identify resilient and vulnerable subpopulations within the SPS
group expanded the current understanding of the field. Investigating neuropeptide Y in
the amygdala and extended amygdala also showed the neuropeptide Y
Pathway may be a part of PTSD and co-occurring alcohol use disorder. Further research
is needed to develop artificial intelligence technology for humans to help prevent PTSD
and co-occurring alcohol use disorder. Understanding the alterations in pathways is
needed for development of therapeutics. This novel research will help prevent PTSD and
co-occurring alcohol use disorder in humans.

92

REFERENCES CITED
Alisic E, Zalta A, Van Wesel F, Larsen S, Hafstad G, Hassanpour K, Smid G (2014) Rates of
post-traumatic stress disorder in trauma-exposed children and adolescents: Meta-analysis.
British Journal of Psychiatry 204: 335-340.
American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders 4th
edn., Text Revision (DSMIV-TR), Ch. 7. American Psychiatric Association, Washington,
DC.
Atwoli L, Stein DJ, Koenen KC, McLaughlin (2015) Epidemiology of posttraumatic stress
disorder: prevalence, correlates and consequences. Current Opinion in Psychiatry 28:
307-311.
Avery S, Clauss J, Blackford J (2016) The Human BNST: Functional Role in Anxiety and
Addiction. Neuropsychopharmacology 41: 126–141.
Baker DG, Heppner P, Afari N, Nunnink S, Kilmer M, Simmons A, Harder L, Bosse B (2009)
Trauma exposure, branch of service, and physical injury in relation to mental health
among U.S. veterans returning from Iraq and Afghanistan. Military Medicine 174:773-8.
Bangasser DA, Valentino RJ (2014) Sex differences in stress-related psychiatric disorders:
neurobiological perspectives. Frontiers in Neuroendocrinology 35: 303-319.
Barkley-Levenson AM, Ryabinin AE, Crabbe JC (2016) Neuropeptide Y response to alcohol is
altered in nucleus accumbens of mice selectively bred for drinking to intoxication.
Behavioural Brain Research 302: 160-170.

93

Berman SL, Kurtines WM, Silverman WK, Serafina LT (1996) The impact of exposure to crime
and violence on urban youth. American Journal of Orthopsychiatry 66: 329-336.
Bowers ME, Choi DC, Ressler KJ (2012) Neuropeptide regulation of fear and anxiety:
Implications of cholecystokinin, endogenous opioids, and neuropeptide Y. Physiology &
Behavior 107: 699–710.
Breslau N, Davis GC, Andreski P, Peterson EL, Schultz LR (1997) Sex Differences in
Posttraumatic Stress Disorder. Archives of General Psychiatry 54 :1044–1048.
Breslau N, Kessler, RC, Chilcoat HD, Schultz LR, Davis GC, Andreski P (1998) Trauma and
posttraumatic stress disorder in the community: the 1996 Detroit Area Survey of Trauma.
Arch. Gen. Psychiatry 55: 626–632.
Broqua P, Wettstein JG, Rocher MN, Gauthier-Martin B, Junien JL (1995) Behavioral effects of
neuropeptide Y receptor agonists in the elevated plus-maze and fear-potentiated startle
procedures. Behavioural Pharmacology 6: 215-222.
Careaga MBL, Girardi CEN, Suchecki D (2016) Understanding posttraumatic stress disorder
through fear conditioning, extinction and reconsolidation. Neuroscience & Biobehavioral
Reviews 71: 48-57.
Carliner H, Keyes KM, McLaughlin KA, Meyers JL, Dunn EC, Martins SS (2016) Childhood
trauma and illicit drug use in adolescence: A population-based national comorbidity
survey replication-adolescent supplement study. Journal of the American Academy of
Child and Adolescent Psychiatry 55: 701–708.

94

Carter AC, Capone C, Short EE (2011) Co-occurring Posttraumatic Stress Disorder and Alcohol
Use Disorders in Veteran Populations. Journal of Dual Diagnosis 7: 285-299.
Chen CV, Chaby LE, Nazeer S, Liberzon I (2018) Effects of trauma in adulthood and
adolescence on fear extinction and extinction retention: advancing animal models of
posttraumatic stress disorder. Frontiers in Behavioral Neuroscience 12, 247.
Cippitelli A, Damadzic R, Hansson AC, Singley E, Sommer WH, Eskay R, Thorsell A, Heilig M
(2010) Neuropeptide Y (NPY) suppresses yohimbine-induced reinstatement of alcohol
seeking. Psychopharmacology 208: 417–426.
Clark DB, Donovan JE (1994) Reliability and validity of the Hamilton Anxiety Rating Scale in
an adolescent sample. Journal of the American Academy of Child and Adolescent
Psychiatry 33:354-360.
Clark DB, Kirisci L (1996) Posttraumatic stress disorder, depression, alcohol use disorders and
quality of life in adolescents. Anxiety 2: 226-233.
Cohen H, Kozlovsky N, Matar MA, Zohar J, Kaplan Z (2011) Cohen H, Kozlovsky N, Matar
MA, Zohar J, Kaplan Z. The Characteristic Long-Term Upregulation of Hippocampal
NF-κ B Complex in PTSD-Like Behavioral Stress Response Is Normalized by HighDose Corticosterone and Pyrrolidine Dithiocarbamate Administered Immediately after
Exposure. Neuropsychopharmacology 36:2286-302.
Cohen H, Liu T, Kozlovsky N, Kaplan Z, Zohar J, Mathé AA (2012) The Neuropeptide Y
(NPY)-ergic System is Associated with Behavioral Resilience to Stress Exposure in an
Animal Model of Post-Traumatic Stress Disorder. Neuropsychopharmacology 37: 350–
363.

95

Copeland WE, Shanahan L, Hinesley J, Chan RF, Aberg KA, Fairbank JA, van den Oord EJ,
Costello EJ (2018) Association of childhood trauma exposure with adult psychiatric
disorders and functional outcomes. JAMA Network Open 1: 184493–184493.
Cortina L, Kubiak S (2006) Gender and posttraumatic stress: sexual violence as an explanation
for women's increased risk. Journal of Abnormal Psychology 115: 753-9.
Cui H, Sakamoto H, Higashi S, Kawata M (2008) Effects of single-prolonged stress on neurons
and their afferent inputs in the amygdala. Neuroscience 152: 703-712.
Daskalakis NP, Cohen H, Cai G, Buxbaum JD, Yehuda R (2014) Expression profiling associates
blood and brain glucocorticoid receptor signaling with trauma-related individual
differences in both sexes. Proceedings of the National Academy of Sciences 111: 1352913534.
Detke MJ, Rickels M, Lucki I (1995) Active behaviors in the rat forced swimming test
differentially produced by serotonergic and noradrenergic antidepressants.
Psychopharmacology 121: 66–72.
Dumont Y, Fournier A, St-Pierre S, Schwartz TW, Quirion R (1990) Differential distribution of
neuropeptide Y1 and Y2 receptors in the rat brain. European Journal of Pharmacology
191: 501-3
Edwards S, Baynes BB, Carmichael CY, Zamora-Martinez ER, Barrus M, Koob GF, Gilpin NW
(2013) Traumatic stress reactivity promotes excessive alcohol drinking and alters the
balance of prefrontal cortex-amygdala activity. Translational Psychiatry 3: 296-296.

96

Enman NM, Arthur K, Ward SJ, Perrine SA, Unterwald EM (2015) Anhedonia, Reduced
Cocaine Reward, and Dopamine Dysfunction in a Rat Model of Posttraumatic Stress
Disorder. Biological Psychiatry 78: 871‐879.
Escobar CM, Krajewski SJ, Sandoval-Guzmán T, Voytko ML, Rance NE (2004) Neuropeptide
Y gene expression is increased in the hypothalamus of older women. Journal of Clinical
Endocrinology and Metabolism 89: 2338–2343.
Fincham DS, Altes LK, Stein DJ Seedat S (2009) Posttraumatic stress disorder symptoms in
adolescents: Risk factors versus resilience moderation. Comprehensive Psychiatry 50:
193–199.
Fitzpatrick KM, Boldizar JP (1993) The prevalence and consequences of exposure to violence
among African- American youth. Journal of the American Academy of Child and
Adolescent Psychiatry 32: 424-430.
Flood JF Baker ML, Hernandez EN, Morley JE (1989) Modulation of memory processing by
neuropeptide Y varies with brain injection site. Brain Research 503: 73-82
Forbes S, Herzog H, Cox HM (2012) A role for neuropeptide Y in the gender‐specific
gastrointestinal, corticosterone and feeding responses to stress. British Journal of
Pharmacology 166: 2307-2316.
Frijling J (2017) Preventing PTSD with oxytocin: effects of oxytocin administration on fear
neurocircuitry and PTSD symptom development in recently trauma-exposed individuals,
European Journal of Psychotraumatology 8:1302652.

97

Garza K, Jovanovic T (2017) Impact of Gender on Child and Adolescent PTSD. Current
Psychiatry Reports 19): 87.
Giaconia RM, Reinherz HZ, Silverman AB, Pakiz B, Frost AK, Cohen E (1995) Traumas and
posttraumatic stress disorder in a community population of older adolescents. Journal of
American Academy of Child and Adolescent Psychiatry 34: 1369-1380.
Gilpin NW (2012) Corticotropin-releasing factor (CRF) and neuropeptide Y (NPY): Effects on
inhibitory transmission in central amygdala, and anxiety- & alcohol-related behaviors.
Alcohol 46: 329-37.
Gilpin NW, Herman MA, Roberto M (2015) The central amygdala as an integrative hub for
anxiety and alcohol use disorders. Biological Psychiatry 77: 859-869.
Gilpin NW, Weiner JL (2017) Neurobiology of comorbid post‐traumatic stress disorder and
alcohol‐use disorder. Genes, Brain and Behavior 16: 15-43.
Gutman AR, Yang Y, Ressler KJ, Davis M (2008) The role of neuropeptide Y in the expression
and extinction of fear-potentiated startle. Journal of Neuroscience 28: 12682-12690.
Hawley DF, Bardi M, Everette AM, Higgins TJ, Tu KM, Kinsley CH, Lambert KG (2010)
Neurobiological constituents of active, passive, and variable coping strategies in rats:
integration of regional brain neuropeptide Y levels and cardiovascular responses. Stress
13:172-183.
Hébert M, Lavoie F Blais M (2014) Post traumatic stress disorder/PTSD in adolescent victims of
sexual abuse: Resilience and social support as protection factors. Ciênc. Saúde Coletiva
19: 685–694.

98

Heilig M, Söderpalm B, Engel JA, Widerlöv E (1989) Centrally administered neuropeptide Y
(NPY) produces anxiolytic-like effects in animal anxiety models. Psychopharmacology
98: 524-529.
Izídio GS, Ramos A (2007) Positive association between ethanol consumption and anxietyrelated behaviors in two selected rat lines. Alcohol 41: 517-524.
Jennings JH, Sparta DR, Stamatakis AM, Ung RL, Pleil KE, Kash TL, Stuber GD (2013)
Distinct extended amygdala circuits for divergent motivational states. Nature 496: 224228.
Johnson LD, O’Malley PM, Bachman JG, Schulenberg JE (2011) U.o. Michigan, editor.
Monitoring the Future national results on adolescent drug use: Overview of key findings,
2011. Ann Arbor: Institute for Social Research, Ann Arbor, Michigan.
Kaczkurkin AN, Burton PC, Chazin SM, Manbeck AB, Espensen-Sturges T, Cooper SE,
Sponheim SR, Lissek S (2017) Neural substrates of overgeneralized conditioned fear in
PTSD. American Journal of Psychiatry 174: 125-134.
Karisetty BC, Joshi PC, Kumar A, Chakravarty S (2017) Sex differences in the effect of chronic
mild stress on mouse prefrontal cortical BDNF levels: a role of major ovarian hormones.
Neuroscience 356: 89-101.
Kask A, Harro J, von Hörsten S, Redrobe J. P, Dumont Y, Quirion R (2002) The neurocircuitry
and receptor subtypes mediating anxiolytic-like effects of neuropeptide Y. Neuroscience
Biobehavioral Review 26: 259-83

99

Keller SM, Schreiber WB, Staib JM, Knox D (2015) Sex differences in the single prolonged
stress model. Behavioural Brain Research 286: 29-32.
Kessler RC, Sonnega A, Bromet E, Hughes M, Nelson CB (1995) Posttraumatic Stress Disorder
in the National Comorbidity Survey. Archives of General Psychiatry 52: 1048–1060.
Kessler RC, Sonnega A, Bromet E, Hughes M, Nelson CB (1997) Lifetime Co-occurrence of
DSM-III-R Alcohol Abuse and Dependence With Other Psychiatric Disorders in the
National Comorbidity Survey. Archives of General Psychiatry 54: 313–321.
Kokare DM, Kyzar EJ, Zhang H, Sakharkar AJ, Pandey SC (2017) Adolescent alcohol exposureinduced changes in alpha-melanocyte stimulating hormone and neuropeptide Y pathways
via histone acetylation in the brain during adulthood. The International Journal of
Neuropsychopharmacology 20: 758-68.
Langevin JP, Koek RJ, Schwartz HN, et al. (2016) Deep brain stimulation of the basolateral
amygdala for treatment-refractory posttraumatic stress disorder. Biological Psychiatry 79:
82-84.
Lehavot K, Stappenbeck CA, Luterek JA, Kaysen D, Simpson TL (2014) Gender differences in
relationships among PTSD severity, drinking motives, and alcohol use in a comorbid
alcohol dependence and PTSD sample. Psychology of addictive behaviors: journal of the
Society of Psychologists in Addictive Behaviors 28: 42–52.
Li Q, Bartley AF, Dobrunz LE (2017) Endogenously Released Neuropeptide Y Suppresses
Hippocampal Short-Term Facilitation and Is Impaired by Stress-Induced Anxiety.
Journal of Neuroscience 37: 23-37.

100

Li C, Liu Y, Yin S, Lu C, Liu D, Jiang H, Pan F (2015) Long-term effects of early adolescent
stress: dysregulation of hypothalamic–pituitary–adrenal axis and central corticotropin
releasing factor receptor 1 expression in adult male rats. Behavioural Brain Research 288:
39-49.
Liberzon I, Krstov M and Young EA (1997) Stress-restress: Effects on ACTH and fast feedback.
Psychoneuroendocrinology 22:443–453.
Liu H, Atrooz F, Salvi A, Salim S (2017) Behavioral and cognitive impact of early life stress:
Insights from an animal model. Progress in Neuro-Psychopharmacology and Biological
Psychiatry 78: 88-95.
Livak KJ, Schmittgen TD (2001) Analysis of relative gene expression data using real-time
quantitative PCR and the 2−ΔΔCT method. Methods 25: 402–408.
Lucki I (1997) The forced swimming test as a model for core and component behavioral effects
of antidepressant drugs. Behavioral Pharmacology 8: 523–532.
Mackay JP, Bompolaki M, DeJoseph MR, Michaelson SD, Urban JH, Colmers WF (2019)
NPY2 Receptors Reduce Tonic Action Potential-Independent GABAB Currents in the
Basolateral Amygdala. Journal of Neuroscience 39: 4909-4930.
Manjoch H, Vainer E, Matar M, Ifergane G, Zohar J, Kaplan Z, Cohen H (2016) Predator-scent
stress, ethanol consumption and the opioid system in an animal model of PTSD.
Behavioural Brain Research 306: 91-105.
McCauley JL, Killeen T, Gros DF, Brady KT, Back SE (2012) Posttraumatic Stress Disorder and
Co-Occurring Substance Use Disorders: Advances in Assessment and Treatment. Clinical

101

psychology : a publication of the Division of Clinical Psychology of the American
Psychological Association 19: 283-304.
McCutcheon VV, Heath AC, Nelson EC, Bucholz KK, Madden PA, Martin NG (2009)
Accumulation of trauma over time and risk for depression in a twin sample.
Psychological Medicine 39: 431–41.
McCutcheon VV, Sartor CE, Pommer NE, Bucholz KK, Nelson EC, Madden PA, Heath AC
(2010) Age at trauma exposure and PTSD risk in young adult women. Journal of
Traumatic Stress 23: 811–814.
McGowan PO, Sasaki A, D'alessio AC, Dymov S, Labonté B, Szyf M, Turecki G, Meaney MJ
(2009) Epigenetic regulation of the glucocorticoid receptor in human brain associates
with childhood abuse. Nature Neuroscience 12: 342–348.
McLaughlin KA, Koenen KC, Hill ED, Petukhova M, Sampson NA, Zaslavsky AM, Kessler RC
(2013) Trauma exposure and posttraumatic stress disorder in a national sample of
adolescents. Journal of the American Academy of Child and Adolescent Psychiatry 52:
815–30.
Michel MC, Beck-Sickinger A, Cox H, Doods HN, Herzog H, Larhammar D, Quirion R,
Schwartz T, Westfall T (1998) XVI. International Union of Pharmacology
recommendations for the nomenclature of neuropeptide Y, peptide YY, and pancreatic
polypeptide receptors. Pharmacological Reviews 50:140-50.
Moore NL, Gauchan S, Genovese RF (2012) Differential severity of anxiogenic effects resulting
from a brief swim or underwater trauma in adolescent male rats. Pharmacology
Biochemistry and Behavior 102: 264-8.
102

Olff M (2017) Sex and gender differences in post-traumatic stress disorder: an update. European
Journal of Psychotraumatology 8: 1351204.
Olff M, Langeland W, Draijer N, Gersons BP (2007) Gender differences in posttraumatic stress
disorder. Psychological Bulletin 133: 183.
Orr SP, Metzger LJ, Lasko NB, Macklin ML, Peri T, Pitman RK (2000) De novo conditioning in
trauma-exposed individuals with and without posttraumatic stress disorder. Journal of
Abnormal Psychology 109: 290–298.
Nahvi RJ, Sabban EL (2020) Sex Differences in the Neuropeptide Y System and Implications for
Stress Related Disorders. Biomolecules 10: 1248.
Nanetti L, Cerliani L, Gazzola V, Renken R, Keysers C (2009) Group analyses of connectivitybased cortical parcellation using repeated k-means clustering. Neuroimage 47(4): 16661677.
Noble WS (2006) What is a support vector machine? Nature Biotechnology 24: 1565-1567.
Pandey SC, Ugale R, Zhang H, Tang L, Prakash A (2008) Brain chromatin remodeling: a novel
mechanism of alcoholism. J Neuroscience 28: 3729–3737.
Pape HC, Pare D (2010) Plastic synaptic networks of the amygdala for the acquisition,
expression, and extinction of conditioned fear. Physiological Reviews 90: 419-463.
Pataki CS, Carlson GA (1995) Childhood and adolescent depression: A review. Harvard Review
Psychiatry 3: 140-15 1.

103

Pati D, Marcinkiewcz CA, DiBerto JF, Cogan ES, McElligott ZA, Kash TL (2020) Chronic
intermittent ethanol exposure dysregulates a GABAergic microcircuit in the bed nucleus
of the stria terminalis. Neuropharmacology 168: 107759.
Paxinos G, Watson C (2007) The Rat Brain in Stereotaxic Coordinates Sixth Edition. San Diego:
Elsevier Academic Press.
Perkonigg A, Kessler RC, Storz S, Wittchen HU (2000) Traumatic events and post- traumatic
stress disorder in the community: Prevalence, risk factors and comorbidity. Acta
Psychiatrica Scandinavica 101: 46–59.
Perrine SA, Sheikh IS, Nwaneshiudu CA, Schroeder JA, Unterwald EM (2008) Withdrawal from
chronic administration of cocaine decreases delta opioid receptor signaling and increases
anxiety- and depression-like behaviors in the rat. Neuropharmacology 2: 355-64.
Phillips RG, LeDoux JE (1992) Differential contribution of amygdala and hippocampus to cued
and contextual fear conditioning. Behavioral Neuroscience 106: 274-285.
Pineles SL, Hall KAA and Rasmusson AM (2017) Gender and PTSD: different pathways to a
similar phenotype. Current opinion in Psychology 14: 44-48.
Pitman RK, Milad MR, Igoe SA, Vangel MG, Orr SP, Tsareva A, Nader K (2011) Systemic
mifepristone blocks reconsolidation of cue-conditioned fear; propranolol prevents this
effect. Behavioral Neuroscience 125: 632–638.
Pleil KE, Rinker JA, Lowery-Gionta EG, Mazzone CM, McCall NM, Kendra AM, Olson DP,
Lowell BB, Grant KA, Thiele TE, Kash TL (2015) NPY signaling inhibits extended

104

amygdala CRF neurons to suppress binge alcohol drinking. Nature Neuroscience 18: 545552.
Pooley AE, Benjamin RC, Sreedhar S, Eagle AL, Robison AJ, Mazei-Robison MS, Breedlove
SM, Jordan CL (2018) Sex differences in the traumatic stress response: PTSD symptoms
in women recapitulated in female rats. Biology of sex differences 9: 31.
Priddy BM, Carmack SA, Thomas LC, Vendruscolo JC, Koob GF, Vendruscolo LF (2017) Sex,
strain, and estrous cycle influences on alcohol drinking in rats. Pharmacology,
biochemistry, and behavior 152: 61-67.
Ralevski E, Olivera-Figueroa LA, Petrakis I (2014) PTSD and comorbid AUD: a review of
pharmacological and alternative treatment options. Substance Abuse Rehabilitation 5: 2536.
Rasmusson AM and Friedman MJ (2002) Gender issues in the neurobiology of PTSD. In R.
Kimerling, P. Ouimette, & J. Wolfe (Eds.), Gender and PTSD (p. 43–75). The Guilford
Press.
Rasmusson AM, Schnurr PP, Zukowska Z, Scioli E, Forman DE (2010) Adaptation to extreme
stress: post-traumatic stress disorder, neuropeptide Y and metabolic syndrome.
Experimental Biology and Medicine 235: 1150-1162.
Read JP, Brown PJ, Kahler CW (2004) Substance use and posttraumatic stress disorders:
Symptom interplay and effects on outcome. Addictive Behaviors 29: 1665-1672.
Reuther ET, Davis III TE, Matthews RA, Munson MS, Grills‐Taquechel AE (2010) Fear of
anxiety as a partial mediator of the relation between trauma severity and PTSD
symptoms. Journal of traumatic stress 23: 519-522.
105

Rodríguez-Sierra OE, Goswami S, Turesson HK, Pare D (2016) Altered responsiveness of
BNST and amygdala neurons in trauma-induced anxiety. Translational Psychiatry 6(7):
e857-e857.
Ryan ND, Puig-Antich J, Ambrosini P, Rabinovich H, Robinson D, Nelson B, Iyengar S,
Twomey J (1987) The clinical picture of major depression in children and adolescents.
Arch Gen Psychiatry 44: 854-861.
Sabban EL, Laukova M, Alaluf LG, Olsson E, Serova LI (2015) Locus coeruleus response to
single‐prolonged stress and early intervention with intranasal neuropeptide Y. Journal of
Neurochemistry 135: 975-986.
Sabban EL, Serova LI, Newman E, Aisenberg N, Akirav I (2018) Changes in gene expression in
the locus coeruleus-amygdala circuitry in inhibitory avoidance PTSD model. Cellular and
Molecular Neurobiology 38: 273-280.
Saffari R, Teng Z, Zhang M, Kravchenko M, Hohoff C, Ambree O, Zhang, W (2016) NPY+-,
but not PV+- GABAergic neurons mediated long-range inhibition from infra- to
prelimbic cortex. Translational Psychiatry 6: 736.
Sah R, Ekhator NN, Jefferson-Wilson L, Horn PS, Geracioti Jr TD (2014) Cerebrospinal fluid
neuropeptide Y in combat veterans with and without posttraumatic stress disorder.
Psychneuroendocrinology 40: 277-283.
Sah R, Ekhator NN, Strawn JR, Sallee FR, Baker DG, Horn PS, Geracioti Jr TD (2009) Low
cerebrospinal fluid neuropeptide Y concentrations in posttraumatic stress disorder.
Biological Psychiatry 66: 705-707.

106

Sahu A, Kalra SP, Crowley WR, Kalra PS (1990) Aging in male rats modifies castration and
testosterone-induced neuropeptide Y response in various micro dissected brain nuclei.
Brain Research 515: 287–291.
Sahu A, Kalra SP, Crowley WR, Kalra PS (1988) Evidence that hypothalamic neuropeptide Y
secretion decreases in aged male rats: Implications for reproductive aging. Endocrinology
122: 2199–2203.
Sohn EH, Wolden-Hanson T, Matsumoto AM (2002) Testosterone (T)-induced changes in
arcuate nucleus cocaine-amphetamine-regulated transcript and NPY mRNA are
attenuated in old compared to young male brown Norway rats: Contribution of T to agerelated changes in cocaine-amphetamine-regulated transcript and NPY gene expression.
Endocrinology 143: 954–963.
Sajdyk TJ, Johnson PL, Leitermann RJ, Fitz SD, Dietrich A, Morin M, Gehlert DR, Urban JH,
Shekhar A (2008) Neuropeptide Y in the amygdala induces long-term resilience to stressinduced reductions in social responses but not hypothalamic–adrenal–pituitary axis
activity or hyperthermia. Journal of Neuroscience 28: 893-903.
Sajdyk TJ, Schober DA, Smiley DL, Gehlert DR (2002) Neuropeptide Y-Y2 receptors mediate
anxiety in the amygdala. Pharmacology Biochemistry and Behavior 71: 419-423.
Sakharkar AJ, Zhang H, Tang L, Baxstrom K, Shi G, Moonat S, Pandey SC (2014) Effects of
histone deacetylase inhibitors on amygdaloid histone acetylation and neuropeptide Y
expression: a role in anxiety-like and alcohol-drinking behaviours. The International
Journal of Neuropsychopharmacology 17: 1207-20

107

Scholl JL, Afzal A, Fox LC, Watt MJ, Forster GL (2019) Sex differences in anxiety-like
behaviors in rats. Physiology and Behavior 211: 112670.
Seal KH, Cohen G, Waldrop A, Cohen BE, Maguen S, Ren (2011) Substance use disorders in
Iraq and Afghanistan veterans in VA healthcare, 2001-2010: Implications for screening,
diagnosis and treatment. Drug and Alcohol Dependence 116: 93-101.
Serova LI, Tillinger A, Alaluf LG, Laukova M, Keegan K, Sabban EL (2013) Single intranasal
neuropeptide Y infusion attenuates development of PTSD-like symptoms to traumatic
stress in rats. Neuroscience 236: 298-312.
Simms JA, Steensland P, Medina B, Abernathy KE, Chandler LJ, Wise R, Bartlett SE (2008)
Intermittent access to 20% ethanol induces high ethanol consumption in Long-Evans and
Wistar rats. Alcoholism Clinical and Experimental Research 32: 1816–1823.
Sørensen G, Lindberg C, Wörtwein G, Bolwig TG, Woldbye DP (2004) Differential roles for
neuropeptide Y Y1 and Y5 receptors in anxiety and sedation. Journal of Neuroscience
Research 77: 723-729.
Starcevic A, Petricevic S, Radojicic Z, Djulejic V, Ilankovic A, Starcevic B, Filipovic B (2016).
Glucocorticoid levels after exposure to predator odor and chronic psychosocial stress
with dexamethasone application in rats. The Kaohsiung Journal of Medical Sciences.
2016 May 32: 235-40.
Stein M, Walker J, Hazen A, Forde D (1997) Full and partial posttraumatic stress disorder:
Findings from a community survey. American Journal of Psychiatry, 154, 1114–1119.

108

Taniguchi S, Yanase T, Kurimoto F, Takayanagi R, Haji M, Kurose S, Nawata H (1994) Agerelated increase in neuropeptide Y-like immunoreactivity in cerebrospinal fluid in
women. Fukuoka Igaku Zasshi 85: 361–365.
Tasan RO, Nguyen NK, Weger S, Sartori SB, Singewald N, Heilbronn R, Herzog H, Sperk G
(2010) The central and basolateral amygdala are critical sites of neuropeptide Y/Y2
receptor-mediated regulation of anxiety and depression. The Journal of Neuroscience 30:
6282–6290.
Tasan RO, Verma D, Wood J, Lach G, Hörmer B, de Lima TC, Herzog H, Sperk G (2016) The
role of Neuropeptide Y in fear conditioning and extinction. Neuropeptides 55: 111-126.
Thorsell A, Michalkiewicz M, Dumont Y, Quirion R, Caberlotto L, Rimondini R, Mathe AA,
Heilig M (2000). Behavioral insensitivity to restraint stress, absent fear suppression of
behavior and impaired spatial learning in transgenic rats with hippocampal neuropeptide
Y overexpression. Proceedings of the National Academy of Sciences 97: 12852-12857.
Thorsell A, Slawecki CJ, Ehlers CL (2005) Effects of neuropeptide Y and corticotropin-releasing
factor on ethanol intake in Wistar rats: interaction with chronic ethanol exposure.
Behavioural Brain Research 161: 133-40.
Toledano D, Gisquet-Verrier P (2014) Only susceptible rats exposed to a model of PTSD exhibit
reactivity to trauma-related cues and other symptoms: an effect abolished by a single
amphetamine injection. Behavioural Brain Research 272: 165-174.
Tolin DF, Foa EB (2002) Gender and PTSD: A cognitive model. In R. Kimerling, P. Ouimette,
& J. Wolfe (Eds.), Gender and PTSD (pp. 76–97). New York: Guilford Press.

109

Tronson NC, Keiser AA (2019) A dynamic memory systems framework for sex differences in
fear memory. Trends in neurosciences, 42(10), 680-692.
Tye KM, Prakash R, Kim SY, Fenno LE, Grosenick L, Zarabi H, Thompson KR, Gradinaru V,
Ramakrishnan C, Deisseroth K (2011) Amygdala circuitry mediating reversible and
bidirectional control of anxiety. Nature 471: 358-362.
Varlinskaya EI, Truxell EM, Spear LP (2015) Ethanol Intake Under Social Circumstances or
Alone in S prague–D awley Rats: Impact of Age, Sex, Social Activity, and Social
Anxiety‐Like Behavior. Alcoholism Clinical and Experimental Research 39: 117-125.
Verma D, Wood J, Lach G, Mietzsch M, Weger S, Heilbronn R, Herzog H, Bonaventure P,
Sperk G, Tasan RO (2015) NPY Y2 receptors in the central amygdala reduce cued but
not contextual fear. Neuropharmacology 99: 665-674.
Vasudeva RK, Hobby AR, Kirby LG (2015) Ethanol consumption in the Sprague-Dawley rat
increases sensitivity of the dorsal raphe nucleus to 5,7-dihydroxytryptamine. Behavioural
Brain Research 295: 35‐44.
Wayner MJ, Greenberg I, Tartaglione R, Nolley D, Fraley S, Cott A (1972) A new factor
affecting the consumption of ethyl alcohol and other sapid fluids. Physiology and
Behavior 8: 345–362.
Wood J, Verma D, Lach G, Bonaventure P, Herzog H, Sperk G, Tasan RO (2016) Structure and
function of the amygdaloid NPY system: NPY Y2 receptors regulate excitatory and
inhibitory synaptic transmission in the centromedial amygdala. Brain Structure and
Function 221: 3373-3391.

110

Wu G, Feder A, Cohen H, Kim JJ, Calderon S, Charney DS, Mathé AA (2013) Understanding
resilience. Frontiers in Behavioral Neuroscience 7: 10.
Yehuda R, Brand S, Yang RK (2006) Plasma neuropeptide Y concentrations in combat exposed
veterans: relationship to trauma exposure, recovery from PTSD, and coping. Biological
Psychiatry 59: 660-663.
Yehuda R, Southwick SM, Krystal JH, Bremner D, Charney DS, Mason JW (1993). Enhanced
suppression of cortisol following dexamethasone administration in posttraumatic stress
disorder. Am J Psychiatry 50: 83-6.
Zoladz PR, Fleshner M, Diamond DM (2012) Psychosocial animal model of PTSD produces a
long-lasting traumatic memory, an increase in general anxiety and PTSD-like
glucocorticoid abnormalities. Psychoneuroendocrinology 37:1531-45.

111

APPENDIX

Figure 20
A)

B)

C)

D)

Figure 20. Anxiety-like behavior was not a significant indicator of ethanol
consumption in male rats. To measure anxiety-like behavior open field test and elevated
plus maze were separately correlated with ethanol consumption. SPS and control rats
were used in these correlations (N = 12). There were no significant correlations between
sessions 6-8 open field time in center (A; P > .05, r = .4805), sessions 9-11 open field
time in center (B; P > .05, r = -.2417), sessions 6-8 number of open arm entries (C; P >
.05, r = .1823), and sessions 6-8 number of open arm entries (D; P > .05, r = -.1810).
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Figure 21
A)

B)

C)

D)

E)

F)
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G)

H)

Figure 21. Anxiety-like and fear-like behavior were not significant indicators of
ethanol consumption in adolescent female rats. To measure anxiety-like behavior open
field test and elevated plus maze were separately correlated with ethanol consumption.
Fear-like behavior was assessed with number of times freezing and seconds freezing. SPS
and control rats were used in these correlations (N = 24). There were no significant
correlations between sessions 2-4 open field time in center (A; P > .05, r = .0549),
sessions 7-9 open field time in center (B; P > .05, r = -.1088), sessions 2-4 number of
open arm entries (C; P > .05, r = .0936), and sessions 7-9 number of open arm entries (D;
P > .05, r = .1568). Sessions 2-4 ethanol and number of times freezing (E; P > .05, r =
.0327), sessions 7-9 ethanol and number of times freezing (F; P > .05, r = -.1157),
sessions 2-4 ethanol and seconds freezing (G; P > .05, r = .2586), sessions 7-9 ethanol
and seconds freezing (H; P > .05, r = .2167).
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Figure 22
A)

B)

C)

Figure 22. Fear-like and depression-like behavior were not significant indicators of
ethanol consumption in young adult female rats. To measure fear-like behavior was
assessed with number of times freezing and seconds freezing. Depression-like behavior
was measured with the forced swim test and immobility counts. SPS and control rats
were used in these correlations (N = 33). There were no significant correlations for weeks
6-8 of ethanol consumption and number of times freezing (A; P > .05, r = .1372), weeks
6-8 of ethanol consumption and seconds freezing (B; P > .05, r = .0935), weeks 6-8 of
ethanol consumption and immobility behavior counts (C; P > .05, r = .1067).
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