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ABSTRACT

Adolescence is a critical phase of brain development with significant cognitive and behavioral
changes. Throughout the time period of adolescence, a multitude of changes in brain composition and
cortical rewiring take place. As a result, adolescents are found to be more susceptible to ethanol during
this time period especially during periods of significant ethanol consumption known as binge drinking.
Binge drinking is defined as a BAC to above 0.08 g/dL due to repeated drinking episodes typically
reached within a two-hour period. More specifically, binge drinking, and stress have both been known to
alter the development and typical function of neurotransmitter circuits. Binge drinking during adolescence
has also been labeled a major public health issue with global estimates of over 14% of individuals from
the age of 15-18 drinking enough to reach binge levels over the past month (Chung et al., 2018). Not only
is this drinking pattern prevalent in individuals ages 15-18, but 9.6% of individuals ages 12 to 17 reflected
alcohol use in the past month with roughly half of those individuals’ reporting periods of binge drinking
(Kann et al., 2023). In fact, according to the National Institute on Alcohol Abuse and Alcoholism,
individuals ages 14-20 are more likely to binge drink (Underage Drinking | National Institute on Alcohol
Abuse and Alcoholism (NIAAA), n.d.). Additionally, alcohol leads to deficits within educational
attainment, and has been implicated in later development of alcohol use disorder. Not only has alcohol
been known to make significant behavioral and cognitive changes during adolescence, but stress can also
alter neuronal development, leading to compounding effects. Similar to ethanol consumption, anxiety
disorders are also extremely prevalent in adolescents with an estimated 31.9% of 13-18 years olds
suffering from an anxiety disorder characterized by consistent anxiety and fear for 6 months or more
(Merikangas et al., 2010). Therefore, this project investigated the effects of ethanol consumption and
stress on cortical circuit development, brain structure, and behavior as well as the interplay between stress
and ethanol consumption. Specifically, of particular interest is the prefrontal cortex (PFC) as this brain

region is one of the last to develop and plays an important role in executive functioning. This project was



divided into 3 parts 1) Cell count experiments to measure for alterations in brain structure, 2)
Electrophysiological experiments to measure changes in neural circuitry in the prefrontal cortex (PFC) 3)

Behavioral experiments to measure alterations in anxiety-like and drinking behavior as a result of ethanol

consumption.
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Chapter 1

Introduction

Brain Development

Alterations in both brain organization and structure are common throughout adolescence.
Within humans, adolescence ranges from ages 10 to the age of 24. While unclear on the exact
ages of adolescence within mice, most definitions define it as postnatal day (PND) 28-42 (Spear,
2000). The prefrontal cortex is one of the last to mature and is therefore susceptible to stress and
ethanol exposure (Larsen & Luna, 2018). In fact, the delayed maturation of the brain leads to
heightened novelty seeking behavior and risk taking (Steinberg et al., 2008). Brain development
begins with the widely characterized process of neurulation followed by proliferation, cell
migration, and synaptogenesis. Each of these steps results in the formation of distinct brain
regions, the generation of neurons, and the formation of synapses (Tierney & Nelson Ill, n.d.).
This synaptic growth is then followed by significant synaptic pruning. Synaptic pruning is the
loss of synaptic connectivity prevalent during early brain development, and results in almost
50% of synaptic connections being eliminated. Within the frontal lobe, this process occurs into
early adolescence within humans (Spear, 2013). Synaptic pruning is widely regarded as
experience dependent, in which there is continuous modification as a result of one’s environment
as well as external factors. As a result, this process is easily influenced by both ethanol
consumption and stress. Not only is pruning involved in the process of learning, but it is essential

for the improvement of increasing the speed and precision of coordinated movements (Zuo et al.,
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2005). While the loss of synaptic connections is common throughout development, brain regions

often experience myelinated and white matter increases such as the prefrontal cortex (PFC).

Not only are there structural changes throughout this time period but functional changes
are also common throughout adolescence. As white matter increases, the speed of electrical
transmission does as well. In fact, the amount of white matter present in the brain is directly
correlated with time spent studying or performing repetitive behaviors. In regard to the prefrontal
cortex, myelination is associated with inhibitory control as well as improved cognition, showing
its role in the importance of brain development (Caballero et al., 2020).

Overall, each of these changes reflect the overarching theme of increases in brain efficacy
during adolescence(Spear, 2013). Cortical gray matter follows a similar pattern. Grey matter
increases in childhood, peaks in early adolescence and declines in adulthood. While thinning in
gray matter typically occurs well prior to adolescence in most brain regions, it continues into
early adulthood in the PFC. Later development in the frontal regions is also evidenced through
increases in focal activation of the PFC and in the ability to perform top-down processing tasks
throughout development(Durston et al., 2006). While these changes occur within both males and
females, it is important to note that there are significant differences in brain development. For
example, by adulthood, males have a greater number of neurons and glial cells in the PFC
(Markham et al., 2013).

In combination with development of the frontal cortex, reward areas experience
significant changes throughout this time period. More specifically, throughout development, the
brain experiences increased activation of the ventral striatum as well as increasing levels of
dopamine. In fact, dopaminergic neurons during development are able to release more dopamine

than those in adulthood(Galvan et al., 2006). While the prefrontal cortex develops at a slow rate,



various other brain regions have different developmental projections, including the limbic,
sensorimotor, and frontal regions. Development occurs beginning with the limbic regions and
ending with frontal regions that assist with higher order functioning(Sowell et al., 1999). The
delay in maturation of frontal regions allows for advanced cognitive functions, including
decision making, reasoning, creativity, and perseverance. As a result, this delay often contributes
to risk taking common in adolescence (Casey et al., 2010). Throughout brain maturation, the
PFC switches to greater focal activation of frontal regions and increasing involvement of these

regions to other areas of the brain(Zuo et al., 2005).

Neurocircuitry Development

Along with structural and functional development, innervation by the gamma-
aminobutyric acid (GABA) system develops throughout adolescence. Overall, GABAergic
inhibitory inputs onto pyramidal neurons increase throughout adolescence along with increased
neural connectivity. Differing GABA cells have varying molecular markers which can allow for
cellular identification. While calretinin-expressing GABAergic neurons decrease throughout
adolescence the number of parvalbumin (PV)-expressing neurons, the largest subpopulation of
GABAergic neurons, increases in the mouse PFC(Caballero et al., 2020; Kilb, 2012). As a result,
inhibitory inputs onto pyramidal cells gradually increase throughout adolescence (Cass et al.,
2014).

Somatostatin (SST) cell density also increased in early adolescent mPFC of female mice
with males showing a steady decline(Du et al., 2018). Other studies have also implicated SST-

expressing interneurons in PFC function and the interaction between SST-expressing
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interneurons and pyramidal neurons to be critical for PFC circuitry. Additionally, research from

the Crowley laboratory has shown that alcohol alters SST neuronal excitability in adulthood,
showing the importance of further investigation in adolescence. Additionally, SST cell often
undergo developmental changes throughout adolescence; however, little is understood regarding
their developmental trajectories in adolescence (Brockway & Crowley, 2020).

Other cell populations including glutamatergic connections in the PFC and the
dopaminergic system in the PFC are continuing to develop throughout the adolescent time
period. Dopaminergic innervation within the mPFC of rodent surges during adolescence is
hallmarked by changes in the shape and density of dopaminergic fibers. These projections often
peak during adolescence and result in amplified neural sensitivity to reward. In many cases, these
dopaminergic neurons are capable of having an exclusive excitatory effect on GABAergic
interneurons (Uytun, 2018). In combination with dopaminergic innervation, Glutamate N-
methyl-D-aspartate (NMDA\) receptors are required for proper development and further
contribute to the excitatory/inhibitory balance in the PFC. Typically, Glutamate to NMDA
receptor binding increases throughout adolescence until PND 28 in mice and declines into
adulthood, indicating alterations in NMDA receptor dynamics such as receptor expression and
sensitivity. While the PFC glutamatergic connections finish developing into adolescence, studies
suggest that maturation continues until PND 56 (Ueda et al., 2015). As discussed previously, the
dopaminergic system also undergoes many changes throughout the process of development.
Specifically, the expression of dopaminergic receptors D1, D2, and D4 all increase throughout
adolescence (Click or tap here to enter text. Tarazi & Baldessarini, 2000)Click or tap here to enter
text.. Additionally, serotonergic connections are reached in early development and are the first to

arrive within the prefrontal cortex. It is understood that the arrival of serotonin to these regions



leads to development of other monoamines such as dopamine. In the PFC, arrival occurs at
postnatal week (PNW) 10-13 in humans (Whitaker-Azmitia, 2001). Additionally, high field (7
Tesla) Magnetic Resonance Spectroscopic Imaging suggested the balance between both
glutamate and GABA develops throughout this adolescent time period (Perica et al.,

2022). Additionally, for the majority of anxiety and neuropsychiatric disorders, the PFC is
heavily implicated within this pathology. Specifically, peptides in the PFC such as somatostatin
are implicated in neuropsychiatric diseases and the development of the PFC has been associated
with behavioral changes within animal models within these diseases. As a result of the
involvement of the PFC in psychiatric disorders and varying developmental changes within the
brain (specifically in the prefrontal cortex), it is important to examine the impact of drug and

alcohol use during this time period.

Animal Studies of Alcohol and the Developing Brain

Animal examinations of ethanol exposure have allowed for a greater understanding of the
impact of ethanol consumption on brain circuits as well as different neuron populations.
Different mouse models have revealed that apoptosis quickly follows ethanol exposure, resulting
in widespread cell death. Further examination reflects that of the most damaged structures in the
cerebral cortex with different damage to varying neuronal subtypes (Ikonomidou et al., 2000).
Typically, pyramidal neurons of layer five are most susceptible to the death-inducing effects of
ethanol when compared to neurons found in other cortical layers (Olney et al., 2002). Other

studies have also shown the alcohol consumption during adolescence altered typical properties of



pyramidal neurons, inkling voltage sag and resting membrane potential (Click or tap here to
enter text.Salling & Harrison, 2020) Click or tap here to enter text.. Additional changes in
neuronal death are also commonly found in different subtypes of neurons. Specifically, while no
change in neuronal cell death was found on parvalbumin interneurons from PND 2-PND 6, a
substantial reduction of the same interneurons was seen after PND 7 (Granato, 2006). Despite
parvalbumin interneurons experiencing a significant decline, this trend is not present for all other
interneurons with others increasing and experiencing no change after ethanol exposure. In
combination with cell death, ethanol can also delay neuronal development, keeping neuronal
populations from undergoing typical development(Smiley et al., 2015). For example, intermittent
alcohol exposure results in both reduced cholinergic markers in the orbitofrontal cortex as well
as reduced dendritic spine density in the infralimbic cortex of the PFC (Boutros et al., 2014).
Additionally, in combination with cholinergic markers, adolescent alcohol exposure has been
shown to significantly alter dopamine receptor activity in adolescence. While typical adolescent
brain development involves the stimulation of dopamine receptor 1, resulting in the evoked firing
of pyramidal neurons, following adolescent alcohol exposure this is not the case (Trantham-
Davidson et al., 2017).

While GABA potentiation is a direct result of ethanol consumption, other long-lasting
consequences are often found. After ethanol consumption during adolescence, studies have
found a decline in both gray matter and white matter integrity both lasting throughout adulthood,
both of which being especially prominent within the prefrontal cortex(Pascual et al., 2014).
Within rats, alcohol consumption has been shown to alter density of myelin. Specifically, within
the anterior cingulate cortex, male rats experienced a significant reduction in myelin because of

adolescent alcohol consumption. Additionally, ethanol consumption has been seen to have
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resulted in structural differences with female rats that underwent ethanol consumption exhibiting

smaller nodes of Ranvier (Tavares et al., 2019).

Not only has ethanol been shown to alter the integrity of both gray and white matter, it
also has been shown to reduce functional connectivity between regions within the PFC
(Broadwater et al., 2018). In addition to declines in brain volume and connectivity, ethanol
consumption directly results in declines in cortical thickness as well as connectivity between
brain regions with earlier ethanol exposure resulting in earlier thinning of the PFC(Broadwater et
al., 2018; Vetreno et al., 2014).

In addition to neurological changes, there were also behavioral changes as a result of
drinking throughout adolescence. For example, C57BI/6J mice exposed to Drinking-in-the-Dark
(DID), drank increasingly more as adults after consumption in adolescence(Moore et al., 2010).
While some studies reflect these same results, others show that drinking during adolescence does
not increase ethanol consumption into adulthood (Strong et al., 2010). Additional effects of
ethanol consumption in adolescence include increased risk of anxiety and risk taking with males
being more vulnerable to develop social anxiety related behaviors(Varlinskaya et al., 2015).
Other effects of adolescent alcohol consumption include increased risky behavior seen in

adolescent male rats exposed to alcohol via intragastric gavage (Boutros et al., 2014b).

Human Studies of Alcohol and the Developing Brain

In addition to animal models, many human studies have been conducted to evaluate
changes in behavior, brain function, and brain structure as a result of ethanol consumption during

adolescence. One study examined a group of individuals who consumed ethanol throughout
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adolescence, showing that those who consumed ethanol experienced increased frontal, occipital,

anterior cingulate cortex (ACC), and posterior cingulate cortex volumes compared with non-
drinking controls. While there were increases in brain volume, heavy drinking adolescents also
experienced significant reductions in the thalamus, middle temporal gyrus, inferior temporal
gyrus, caudate, and brainstem (Doallo et al., 2014). Additional examinations of brain volume
reflected that heavy adolescent drinkers experience significant reductions in gray matter volume.
These reductions are seen in the neocortex, frontal cortex, and temporal cortex (Squeglia et al.,
2015). Not only have studies reflected a reduction in gray matter, but others have shown that
binge drinking adolescents also experience significant decreases in both white matter growth and
integrity with decreases primarily in the corpus callosum and pons (Squeglia et al., 2015).

In combination with reductions in brain volume, ethanol resulted in a reduction in brain
activation during reward tasks in a dose dependent manner. More specifically, individuals who
consumed ethanol during adolescence experienced decreased activation on an MRI scan on a
global scale with no significant differences in brain region(Cservenka et al., 2015). Other studies
have also reflected the behavioral changes that are the result of binge drinking on a long term
scale. To begin, early ethanol consumption has been largely implicated with deficits in memory
largely in both short term memory, long term memory, and working memory (Carbia et al.,
2017; Mahedy et al., 2018; Mota et al., 2013). In regard to short term memory, one study showed
that heavy alcohol use during adolescence is directly associated with difficulties in verbal
memory as well as short-term cognitive monitoring, implicating damage to areas involved such
as the temporal mesial and dorsolateral prefrontal cortex (Mota et al., 2013).With long term
memory, binge drinking during adolescence is associated with delayed recall on episodic

memories that continued to remain stable after ethanol consumption (Carbia et al., 2017).



Adolescence is regarded as a critical period for brain development. Adolescent alcohol
exposure has been associated with increased alcohol consumption in adulthood, indicating
lasting consequences of adolescent drinking. While somatostatin (SST) neurons in the prelimbic
cortex are vulnerable to binge drinking and have been shown to mediate levels of alcohol
consumption in adult mice, there has been little examination of changes in prelimbic SST
neurons following adolescent alcohol consumption. The goal of this project is to 1) examine the
effect of adolescent alcohol consumption on mouse behavior and to 2) examine the effect of
adolescent alcohol consumption on brain connectivity, structure, and function looking at changes

in cell density.
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Chapter 2

Methods

Animals

All experiments were approved by the Pennsylvania State University Institutional Animal Care
and Use Committee. Both male and female SST-Cre Ai9 mice were used for both
electrophysiology, double drinking, and cell count experiments. Male and female C57BL/6J
mice were used for acute stress exposure experiments. At postnatal day (PND) 21 all mice were
single-housed and moved into a reverse light cycle room. For all experiments mice were

assigned to either an adolescent alcohol exposure condition or a control condition.

Adolescent Drinking in the Dark

For each experiment, the Drinking in the Dark (DID) paradigm was used. This protocol as
described previously states that mice receive 20% ethanol in water on 3 consecutive days
beginning 3 hours into the dark cycle for 2 hours (10am-12pm) (Rhodes et al., 2005) On the
fourth day, mice receive ethanol for a four hour period (10am-2pm) as seen in figure 1A.
Between each 4 day cycle, mice receive 3 days of abstinence from ethanol. Ethanol consumption
was measured through weighing ethanol bottles before and after each drinking window. For all
experiments, adolescent drinking began PND 28-30 and ended PND 52-54 (Figure 1B). All
control mice were given H20. In order to validate ethanol exposure, blood ethanol

concentrations were taken via tail blood sample 30 minutes after the final binge session (Figure
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2).
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Figure 1. The DID model and experimental timeline. Graph A represents the DID paradigm in
which mice are provided ethanol for 2 hours for 3 consecutive days followed by a 4 hour
drinking period on the fourth day. Graph B reflects the experimental timeline for adolescent
alcohol consumption as well as additional experiments.
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Figure 2. Mouse blood ethanol content sample. Graph A represents the amount of ethanol
consumed per kilogram of body weight on the four hour binge period. Graph B represents mouse
blood alcohol concentration after the binge period.
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Adolescent Double Drinking Behavior

Double drinking behavior was assessed through either ethanol or water exposure to mice during
adolescence PND (28-30) - PND (52-54) followed by ethanol exposure beginning on PND 84 for
4 consecutive weeks. Total ethanol consumption in g/kg was measured again during adulthood to

assess whether drinking during adolescence led to increased ethanol consumption in adulthood.

Acute Stress Exposure (Forced Swim Test)

The effect of acute stress exposure on drinking with or without prior exposure to ethanol during
adolescence was analyzed via forced swim test. Mice were either provided ethanol or water
exposure to mice during adolescence PND (28-30) - PND (52-56). In adulthood, mice were
exposed to ethanol again for an additional 3 weeks. During the second week of exposure on
binge day (4 hour drinking period), 4 hours prior to binge, mice underwent a 6-minute forced
swim stressor in which mice were placed in an inescapable glass beaker filled with 24-26°C
water. After the 6 minutes session, mice were removed from the container and dried. This
paradigm was chosen as it has been shown previously to consistently increase ethanol
consumption and will allow for the examination of the effects of stress on ethanol consumption

(Becker et al., 2011)

SST Cell Counts

Twenty-four hours after the end of adolescent DID, mice were deeply anesthetized with Avertin

(250 mg/kg) and perfused transcardially with phosphate buffered saline (PBS; pH 7.4) followed
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by 4% paraformaldehyde (PFA; pH 7.4). Brains were removed and postfixed in PFA overnight.

Brains were sectioned at 40 pum using a Leica vibratome (VS 1200, Leica). Brain slices were
placed in 1:10000 DAPI (4',6-diamidino-2-phenylindole) for 10 minutes and washed with
phosphate buffered saline (PBS; pH 7.4). PL cortex-containing sections were mounted and a
coverslip was added. SST+ cell counts in SST-Ai9 mice, expressing the fluorophore tdTomato
exclusively in SST-expressing neurons, were quantified using ImageJ (National Institutes of
Health, Bethesda, MD, United States). The PL cortex was delineated and SST+ were
automatically quantified under matched criteria for size, circularity, and intensity consistently
with our previously published work (Dao et al., 2020; Suresh Nair et al., 2022). The threshold to
highlight all of the SST+ cells counted was set at 8.10+.01. Each ROI’s total SST cell count was
divided by the ROI area to give a total SST+ density value(Smith et al., 2020) 7-8 slices were

analyzed per mouse.

Data Analysis, Statistics, and Figure Preparation

All data analysis was conducted with GraphPad Prism 7.0 (San Diego, CA). For analysis of all
adolescent double drinking behavior experiments a 2-way ANOVA (factors: sex, drinking start
age) was used. For forced swim and drinking experiments, a mixed effects model was used
(factors: drinking start age, week of adulthood DID) comparing drinking across the 3 weeks. A
2-way ANOVA (factors: sex, adolescent DID condition) was used for SST cell counts. Total
alcohol consumption (g/kg) across all 4 cycles of adolescent DID was correlated with SST cell
density. Control mice were included in correlations with g/kg consumed = 0. Each correlation

was reported as Pearson’s r.
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Chapter 3

Results

We first examined the effect that ethanol consumption in adolescence had on ethanol
consumption in adults. Despite binge-like consumption of ethanol during adolescence, there are
no apparent effects on ethanol consumption in adulthood. In figure 3A, no significant effect of
sex (Fsex(1, 29) = 3.310; p = 0.0792) or age of first ethanol exposure (Fstart age(1, 29) = 3.966;
p = 0.0559), nor any interaction (Fsex x start age(1, 29) = 1.666; p = 0.2070) were seen. In figure
3B, no significant differences are seen in total ethanol consumption over the adult drinking
period although a main effect of sex was seen. Females consumed more alcohol during

adulthood DID compared to males, regardless of adolescent alcohol consumption.
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Figure 3. Ethanol consumption in adulthood. A. Total ethanol consumption per kilogram of
body weight over the 4-hour binge period for the four weeks of ethanol consumption in
adulthood. B. Total ethanol consumption per kilogram body weight over the entirety of the four-
week drinking period.
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In addition to double drinking behavior shown in figure 3, the effect of ethanol consumption
during adolescence on stress induced drinking is shown in figure 4. Preliminary data indicates no
effect of acute stress exposure on adult ethanol consumption with or without ethanol exposure
during adolescence. Stress induced drinking was examined to look at potential stress reactivity
induced by adolescent alcohol consumption. Figure 4B shows that there were no significant
differences in ethanol consumption due to acute stress exposure (t(5) = 0.03130; p = 0.9762)
with no significant difference remaining in the third week of drinking as seen in figure 3C (t(5) =
0.5383, p = 0.6134). Figure 4D shows that there is no significant change in ethanol consumption

immediately after stress exposure with or without ethanol consumption during adolescence.

A. Week 1 Baseline B. Week 2 Stress C. Week 3 Post-Stress D. Change in DID post-stress
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Figure 4. Ethanol consumption and acute stress exposure. A. Baseline ethanol consumption per
kilogram of body weight over the 4-hour binge period. B. Ethanol consumption per kilogram of
body weight over the 4-hour binge period after acute stress exposure (FST). C. Ethanol
consumption per kilogram of body weight over the 4-hour binge period the week following the
acute stress exposure. D. Change in ethanol consumption as a result of stress exposure for both
mice that drank in adolescence and mice that drank in adulthood.

In combination with synaptic changes, we also investigated changes in the number of SST cells

immediately following adolescent DID to gain an understanding between the microcircuitry and
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total number of cells in the PL cortex. Representative images are shown in figure 5A. No effect

on adolescence was found on the density of SST cells in the prelimbic cortex (figure 5B). We
found no effect of adolescent DID on the density of SST cells in the PL cortex (Figure 5B, Fow(1,
20) = 0.02833; p = 0.8680). There was no difference in SST cell density based on sex (F.(1, 20)
= 2.557; p = 0.1255) and there was no interaction between sex and adolescent DID condition
(Fux(1, 20) = 0.03393; p = 0.8557). Additionally, there was no difference in cell density based
on sex and no interaction between sex and adolescent DID conditions. Additionally, we
correlated total alcohol consumption during adolescence with the number of PL SST cells to see
if there was any association between drinking and SST cell density. There was no correlation

found in either females r(14) = 0.146, p = 0.619) or males r(10) = 0.072, p = 0.844) (figure 5C &

SD).
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Figure 5. Adolescent DID does not alter the density of SST cells in the PL cortex. (A)
Representative images of SST cells in the PL cortex of SST-Ai9 mice. Scale bars in the bottom
right of each image represent 200um. (B) There was no effect of sex or adolescent DID condition
on SST cell density in the PL cortex. (C-D) Total alcohol consumption was not correlated with
SST cell density in female or male mice. Filled circles represent individual DID mice; white

circles represent individual H20 mice.
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Chapter 4

Discussion

Because excessive ethanol consumption is common in human adolescents during a
significant portion of brain development, it is essential that we continue to understand the
consequences of this consumption. We performed a variety of experiments to evaluate the
behavioral and physiological impacts of binge ethanol consumption during adolescence. We
found that 1) Early ethanol exposure during adolescence has no effect on adulthood ethanol
consumption 2) No significant changes in binge ethanol consumption after stress are seen with or
without prior consumption in adolescence 3) No significant changes in SST cell number are seen
after drinking during adolescence. Despite no preliminary effect of acute stress exposure, it is
important to note the differences in experimental paradigms commonly used to evaluate the
effects of stress exposure. While acute stress exposure has not been found to reliably induce
ethanol consumption, exposure to chronic variable stress during adolescence has been shown to
significantly increase ethanol consumption in adulthood (Caruso et al., 2018). Additionally, all
mice in acute stress exposure experiments were single housed, which is well documented to
result in additional stress (Manouze et al., 2019). Therefore, it is important to consider potential
stress effects that social isolation can have. Importantly, social isolation during adolescence has
been shown to result in increased ethanol consumption in adulthood(Lopez et al., 2011; Lopez &
Laber, 2015). While our research exhibited no effect of ethanol consumption on the impact of
acute stress exposure on drinking in adulthood, it is important to consider the potential of a stress
threshold that has already been reached as a result of social isolation, limiting the effectiveness
of the acute stress exposure prior to ethanol consumption during adulthood. Another important

consideration within our experiment was the sample size used. Because the power of the sample
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was low, it is important to note that our results still need additional data to draw significant

conclusions. Within our experimental paradigm, stress exposure began 4 hours prior to ethanol
consumption as seen in prior experiments previous studies have exhibited a delayed effect of

stress exposure on ethanol intake typically taking place in the weeks following stress
exposure(Lowery et al., 2008). Despite this effect being seen with chronic stress exposure,

within our experiment, this was not seen in the 1 week following stress exposure. In order to
properly evaluate the effect of stress on ethanol consumption, additional validation is needed of
stress exposure timing and downstream effects in the weeks following stress exposure.
Specifically, cortisone levels can be recorded to evaluate effectiveness of stress exposure for
single housed mice.

In addition to stress exposure, the literature is unclear regarding the effect of early
ethanol exposure on later ethanol consumption during adolescence. While our paradigm reflected
that early ethanol exposure through voluntary consumption resulted in no significant change in
ethanol consumption in adulthood, other literature has opposed this conclusion. Previous work
has shown that C57BI/6J mice exposed to Drinking-in-the-Dark (DID) as adolescence (PND 25—
45) showed increased drinking in adulthood (Moore et al., 2010). In addition, other examinations
of drinking in adolescence have demonstrated increased drinking during adulthood with a
primary effect in female rodents(Strong et al., 2010). Therefore, it is important to consider
potential sex specific effects implicated in ethanol consumption as well as further investigate the
widely understood belief that ethanol consumption during adolescence increases ethanol
consumption in adulthood. It is also important to consider the potential of ethanol sensitivity in
altering our results. Different labs have shown adolescent mice have increased sensitivity to the

rewarding effects of ethanol and decreased sensitivity to the aversive effects compared to adult
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mice(Hefner & Holmes, 2007). Additionally, one study showed that within adolescents' ethanol

has rewarding effects particularly within high doses (Dickinson et al., 2009). While the
adolescent mice that underwent ethanol exposure in this experiment did not exhibit increased
ethanol consumption in adulthood, this may be the result of an increased preference to ethanol
during adolescence compared to adulthood.

Similar to other studies, adolescent ethanol exposure did not change SST neuronal cell
density within the prefrontal cortex (Koss et al., 2012). While there is no change in neuronal cell
density, the changing properties of neurons and their receptors as a result of alcohol consumption
during development may account for the lack of this change. It has been suggested that the
GABA agonist properties of alcohol result in cell death (Olney et al., 2002). Regarding the SST
neurons evaluated in our experiments, GABA has been found to act on these neurons. While
there are few connections between SST neurons, other GABAergic interneurons such as
parvalbumin (PV) have been shown to act on SST neurons. Because many of the properties of
SST are altered during adolescence, the cell death response may be subsequently modified.
Additionally, while there is commonly understood that significant ethanol consumption results in
a loss of gray matter, it does not necessarily result in cell death. In fact, mice exposed to binge
ethanol consumption during adolescence have been shown to have reductions of gray matter with
an absence of cell death in the mPFC. Additionally, while no effects on SST cell number was
found other research suggests that glial cell density is commonly altered by ethanol consumption
(Koss et al., 2012).

With binge ethanol consumption playing a significant role in the United States, it is
increasingly important to understand the behavioral and physiological impacts of ethanol

consumption. Through the continued examination of brain development, sex differences, animal
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and human models of alcohol consumption, potential therapeutics for alcohol use disorder can be

developed and our understanding of the effects of alcohol consumption can be furthered.
Additionally, further examination is important to understand the relationship between stress and
ethanol consumption. Within clinical studies, both alcoholism and mood/anxiety disorders have
been shown to be commonly found together with a common hypothesis for ethanol consumption
surrounding the reduction of stress(Brady & Sonne, 1999; Pohorecky, 1991). Therefore, it is

essential to continue to piece together the relationship between stress and ethanol consumption.



22

BIBLIOGRAPHY

Becker, H. C., Lopez, M. F., & Doremus-Fitzwater, T. L. (2011). Effects of stress on alcohol drinking: a
review of animal studies. Psychopharmacology, 218(1), 131. https://doi.org/10.1007/S00213-011-
2443-9

Boutros, N., Semenova, S., Liu, W., Crews, F. T., & Markou, A. (2014a). Adolescent intermittent ethanol
exposure is associated with increased risky choice and decreased dopaminergic and cholinergic
neuron markers in adult rats. The International Journal of Neuropsychopharmacology, 18(2), 1-9.
https://doi.org/10.1093/1INP/PYU003

Boutros, N., Semenova, S., Liu, W., Crews, F. T., & Markou, A. (2014b). Adolescent intermittent ethanol
exposure is associated with increased risky choice and decreased dopaminergic and cholinergic
neuron markers in adult rats. The International Journal of Neuropsychopharmacology, 18(2), 1-9.
https://doi.org/10.1093/IINP/PYU003

Brady, K. T., & Sonne, S. C. (1999). The Role of Stress in Alcohol Use, Alcoholism Treatment, and
Relapse. 23(4), 263.

Broadwater, M. A, Lee, S. H., Yu, Y., Zhu, H., Crews, F. T., Robinson, D. L., & Shih, Y. Y. I. (2018).
Adolescent alcohol exposure decreases frontostriatal resting-state functional connectivity in
adulthood. Addiction Biology, 23(2), 810-823. https://doi.org/10.1111/ADB.12530

Brockway, D. F., & Crowley, N. A. (2020). Turning the 'Tides on Neuropsychiatric Diseases: The Role of
Peptides in the Prefrontal Cortex. Frontiers in Behavioral Neuroscience, 14, 182.
https://doi.org/10.3389/FNBEH.2020.588400/BIBTEX

Caballero, A., Flores-Barrera, E., Thomases, D. R., & Tseng, K. Y. (2020). Downregulation of
parvalbumin expression in the prefrontal cortex during adolescence causes enduring prefrontal

disinhibition in adulthood. Neuropsychopharmacology : Official Publication of the American



23
College of Neuropsychopharmacology, 45(9), 1527-1535. https://doi.org/10.1038/S41386-020-

0709-9

Carbia, C., Cadaveira, F., Caamafio-Isorna, F., Rodriguez-Holguin, S., & Corral, M. (2017). Binge
drinking during adolescence and young adulthood is associated with deficits in verbal episodic
memory. PLOS ONE, 12(2), e0171393. https://doi.org/10.1371/JOURNAL.PONE.0171393

Caruso, M. J., Seemiller, L. R., Fetherston, T. B., Miller, C. N., Reiss, D. E., Cavigelli, S. A., & Kamens,
H. M. (2018). Adolescent social stress increases anxiety-like behavior and ethanol consumption in
adult male and female C57BL/6J mice. Scientific Reports, 8(1). https://doi.org/10.1038/S41598-018-
28381-2

Casey, B. J., Jones, R. M., Levita, L., Libby, V., Pattwell, S. S., Ruberry, E. J., Soliman, F., & Somerville,
L. H. (2010). The storm and stress of adolescence: insights from human imaging and mouse
genetics. Developmental Psychobiology, 52(3), 225-235. https://doi.org/10.1002/DEV.20447

Cass, D. K., Flores-Barrera, E., Thomases, D. R., Vital, W. F., Caballero, A., & Tseng, K. Y. (2014). CB1
cannabinoid receptor stimulation during adolescence impairs the maturation of GABA function in
the adult rat prefrontal cortex. Molecular Psychiatry, 19(5), 536-543.
https://doi.org/10.1038/MP.2014.14

Chung, T., Creswell, K. G., Bachrach, R., Clark, D. B., & Martin, C. S. (n.d.). Adolescent Binge Drinking
Developmental Context and Opportunities for Prevention.

Cservenka, A., Jones, S. A., & Nagel, B. J. (2015). Reduced cerebellar brain activity during reward
processing in adolescent binge drinkers. Developmental Cognitive Neuroscience, 16, 110.
https://doi.org/10.1016/J.DCN.2015.06.004

Dao, N. C., Suresh Nair, M., Magee, S. N., Moyer, J. B., Sendao, V., Brockway, D. F., & Crowley, N. A.
(2020). Forced Abstinence From Alcohol Induces Sex-Specific Depression-Like Behavioral and
Neural Adaptations in Somatostatin Neurons in Cortical and Amygdalar Regions. Frontiers in

Behavioral Neuroscience, 14, 86. https://doi.org/10.3389/FNBEH.2020.00086/BIBTEX



24
Dickinson, S. D., Kashawny, S. K., Thiebes, K. P., & Charles, D. Y. (2009). Decreased Sensitivity to

Ethanol Reward in Adolescent Mice as Measured by Conditioned Place Preference. Alcoholism:
Clinical and Experimental Research, 33(7), 1246-1251. https://doi.org/10.1111/J.1530-
0277.2009.00950.X

Doallo, S., Cadaveira, F., Corral, M., Mota, N., Lépez-Caneda, E., & Rodriguez Holguin, S. (2014).
Larger Mid-Dorsolateral Prefrontal Gray Matter Volume in Young Binge Drinkers Revealed by
Voxel-Based Morphometry. PLOS ONE, 9(5), e96380.
https://doi.org/10.1371/JOURNAL.PONE.0096380

Du, X., Serena, K., Hwang, W., Grech, A. M., Wu, Y. W. C., Schroeder, A., & Hill, R. A. (2018).
Prefrontal cortical parvalbumin and somatostatin expression and cell density increase during
adolescence and are modified by BDNF and sex. Molecular and Cellular Neurosciences, 88, 177—
188. https://doi.org/10.1016/J.MCN.2018.02.001

Durston, S., Davidson, M. C., Tottenham, N., Galvan, A., Spicer, J., Fossella, J. A., & Casey, B. J.
(2006). A shift from diffuse to focal cortical activity with development. Developmental Science,
9(1), 1-20. https://doi.org/10.1111/j.1467-7687.2005.00454.x

Galvan, A, Hare, T. A, Parra, C. E., Penn, J., Voss, H., Glover, G., & Casey, B. J. (2006). Earlier
development of the accumbens relative to orbitofrontal cortex might underlie risk-taking behavior in
adolescents. The Journal of Neuroscience : The Official Journal of the Society for Neuroscience,
26(25), 6885-6892. https://doi.org/10.1523/JNEUROSCI.1062-06.2006

Granato, A. (2006). Altered organization of cortical interneurons in rats exposed to ethanol during
neonatal life. Brain Research, 1069(1), 23-30. https://doi.org/10.1016/J.BRAINRES.2005.11.024

Hefner, K., & Holmes, A. (n.d.). An investigation of the behavioral actions of ethanol across adolescence
in mice. https://doi.org/10.1007/s00213-006-0646-2

Ikonomidou, C., Bittigau, P., Koch, C., Genz, K., Stefovska, V., & Horster, F. (2000). Ethanol-induced

apoptotic neurodegeneration and fetal alcohol syndrome. Science, 287(5455), 1056-1060.



25
https://doi.org/10.1126/SCIENCE.287.5455.1056/ASSET/698C2787-C155-4832-B428-

3437054C95BF/ASSETS/GRAPHIC/SE0508262004.JPEG

Kann, L., McManus, T., Harris, W. A., Shanklin, S. L., Flint, K. H., Hawkins, J., Queen, B., Lowry, R.,
Olsen, E. O. M., Chyen, D., Whittle, L., Thornton, J., Lim, C., Yamakawa, Y., Brener, N., & Zaza,
S. (2023). Youth Risk Behavior Surveillance — United States, 2015. MMWR. Surveillance
Summaries, 65(6), 1-180. https://doi.org/10.15585/MMWR.SS6506A1

Kilb, W. (2012). Development of the GABAergic system from birth to adolescence. Neuroscientist,
18(6), 613-630.
https://doi.org/10.1177/1073858411422114/ASSET/IMAGES/LARGE/10.1177_107385841142211
4-FIG2.JPEG

Koss, W. A., Sadowski, R. N., Sherrill, L. K., Gulley, J. M., & Juraska, J. M. (2012a). Effects of ethanol
during adolescence on the number of neurons and glia in the medial prefrontal cortex and basolateral
amygdala of adult male and female rats. Brain Research, 1466, 24.
https://doi.org/10.1016/J.BRAINRES.2012.05.023

Koss, W. A., Sadowski, R. N., Sherrill, L. K., Gulley, J. M., & Juraska, J. M. (2012b). Effects of ethanol
during adolescence on the number of neurons and glia in the medial prefrontal cortex and basolateral
amygdala of adult male and female rats. Brain Research, 1466, 24-32.
https://doi.org/10.1016/J.BRAINRES.2012.05.023

Larsen, B., & Luna, B. (2018). Adolescence as a neurobiological critical period for the development of
higher-order cognition. Neuroscience and Biobehavioral Reviews, 94, 179-195.
https://doi.org/10.1016/J.NEUBIOREV.2018.09.005

Lopez, M. F., Doremus-Fitzwater, T. L., & Becker, H. C. (2011). Chronic social isolation and chronic
variable stress during early development induce later elevated ethanol intake in adult C57BL/6J
mice. Alcohol (Fayetteville, N.Y.), 45(4), 355-364.

https://doi.org/10.1016/J. ALCOHOL.2010.08.017



26
Lopez, M. F., & Laber, K. (2015). Impact of social isolation and enriched environment during

adolescence on voluntary ethanol intake and anxiety in C57BL/6J mice. Physiology & Behavior,
148, 151-156. https://doi.org/10.1016/J.PHYSBEH.2014.11.012

Lowery, E. G., Sparrow, A. M., Breese, G. R., Knapp, D. J., & Thiele, T. E. (2008). The CRF-1 Receptor
Antagonist, CP-154,526, Attenuates Stress-Induced Increases in Ethanol Consumption by BALB/cJ
Mice. Alcoholism, Clinical and Experimental Research, 32(2), 240. https://doi.org/10.1111/J.1530-
0277.2007.00573.X

Mahedy, L., Field, M., Gage, S., Hammerton, G., Heron, J., Hickman, M., & Munafo, M. R. (2018).
Corrigendum: Alcohol Use in Adolescence and Later Working Memory: Findings From a Large
Population-Based Birth Cohort. Alcohol and Alcoholism, 53(4), 501-501.
https://doi.org/10.1093/ALCALC/AGY005

Manouze, H., Ghestem, A., Poillerat, V., Bennis, M., Ba-M’hamed, S., Benoliel, J. J., Becker, C., &
Bernard, C. (2019). Effects of Single Cage Housing on Stress, Cognitive, and Seizure Parameters in
the Rat and Mouse Pilocarpine Models of Epilepsy. ENeuro, 6(4).
https://doi.org/10.1523/ENEURO.0179-18.2019

Markham, J. A., Mullins, S. E., & Koenig, J. I. (2013). Peri-adolescent Maturation of the Prefrontal
Cortex is Sex-Specific and Disrupted by Prenatal Stress. The Journal of Comparative Neurology,
521(8), 1828. https://doi.org/10.1002/CNE.23262

Merikangas, K. R., He, J. P., Burstein, M., Swanson, S. A., Avenevoli, S., Cui, L., Benjet, C., Georgiades,
K., & Swendsen, J. (2010). Lifetime prevalence of mental disorders in U.S. adolescents: Results
from the national comorbidity survey replication-adolescent supplement (NCS-A). Journal of the
American Academy of Child and Adolescent Psychiatry, 49(10), 980-989.
https://doi.org/10.1016/J.JAAC.2010.05.017

Moore, E. M., Mariani, J. N., Linsenbardt, D. N., Melon, L. C., & Boehm, S. L. (2010). Adolescent

C57BL/6J (but not DBA/2J) mice consume greater amounts of limited-access ethanol compared to



27
adults and display continued elevated ethanol intake into adulthood. Alcoholism, Clinical and

Experimental Research, 34(4), 734-742. https://doi.org/10.1111/J.1530-0277.2009.01143.X

Mota, N., Parada, M., Crego, A., Doallo, S., Caamafio-Isorna, F., Rodriguez Holguin, S., Cadaveira, F., &
Corral, M. (2013). Binge drinking trajectory and neuropsychological functioning among university
students: A longitudinal study. Drug and Alcohol Dependence, 133(1), 108-114.
https://doi.org/10.1016/).DRUGALCDEP.2013.05.024

Olney, J. W., Tenkova, T., Dikranian, K., Qin, Y. Q., Labruyere, J., & Ikonomidou, C. (2002). Ethanol-
induced apoptotic neurodegeneration in the developing C57BL/6 mouse brain. Developmental Brain
Research, 133(2), 115-126. https://doi.org/10.1016/S0165-3806(02)00279-1

Pascual, M., Pla, A., Mifarro, J., & Guerri, C. (2014). Neuroimmune Activation and Myelin Changes in
Adolescent Rats Exposed to High-Dose Alcohol and Associated Cognitive Dysfunction: A Review
with Reference to Human Adolescent Drinking. Alcohol and Alcoholism, 49(2), 187-192.
https://doi.org/10.1093/ALCALC/AGT164

Perica, M. ., Calabro, F. J., Larsen, B., Foran, W., Yushmanov, V. E., Hetherington, H., Tervo-
Clemmens, B., Moon, C.-H., & Luna, B. (2022). Changes in prefrontal GABA and glutamate
through adolescence supports excitation/inhibition balance. BioRxiv, 2022.04.25.489387.
https://doi.org/10.1101/2022.04.25.489387

Pohorecky, L. A. (1991). Stress and alcohol interaction: an update of human research. Alcoholism,
Clinical and Experimental Research, 15(3), 438—459. https://doi.org/10.1111/J.1530-
0277.1991.TB00543.X

Rhodes, J. S., Best, K., Belknap, J. K., Finn, D. A., & Crabbe, J. C. (2005). Evaluation of a simple model
of ethanol drinking to intoxication in C57BL/6J mice. Physiology and Behavior, 84(1), 53-63.
https://doi.org/10.1016/j.physbeh.2004.10.007

Salling, M. C., & Harrison, N. L. (n.d.). Constitutive Genetic Deletion of Hcnl Increases Alcohol

Preference during Adolescence. https://doi.org/10.3390/brainscil0110763



28
Smiley, J. F., Saito, M., Bleiwas, C., Masiello, K., Ardekani, B., Guilfoyle, D. N., Gerum, S., Wilson, D.

A., & Vadasz, C. (2015). Selective reduction of cerebral cortex GABA neurons in a late gestation
model of fetal alcohol spectrum disorder. Alcohol, 49(6), 571-580.
https://doi.org/10.1016/J. ALCOHOL.2015.04.008

Smith, R. J., Anderson, R. I., Haun, H. L., Mulholland, P. J., Griffin, W. C., Lopez, M. F., & Becker, H.
C. (2020). Dynamic c-Fos changes in mouse brain during acute and protracted withdrawal from
chronic intermittent ethanol exposure and relapse drinking. Addiction Biology, 25(6).
https://doi.org/10.1111/ADB.12804

Sowell, E. R., Thompson, P. M., Holmes, C. J., Jernigan, T. L., & Toga, A. W. (1999). In vivo evidence
for post-adolescent brain maturation in frontal and striatal regions. Nature Neuroscience 1999 2:10,
2(10), 859-861. https://doi.org/10.1038/13154

Spear, L. P. (2000). The adolescent brain and age-related behavioral manifestations. Neuroscience and
Biobehavioral Reviews, 24(4), 417-463. https://doi.org/10.1016/S0149-7634(00)00014-2

Spear, L. P. (2013). Adolescent neurodevelopment. Journal of Adolescent Health, 52(2 SUPPL.2).
https://doi.org/10.1016/j.jadohealth.2012.05.006

Squeglia, L. M., Tapert, S. F., Sullivan, E. V., Jacobus, J., Meloy, M. J., Rohlfing, T., & Pfefferbaum, A.
(2015). Brain development in heavy-drinking adolescents. American Journal of Psychiatry, 172(6),
531-542.
https://doi.org/10.1176/APPI.AJP.2015.14101249/ASSET/IMAGES/LARGE/APPI.AJP.2015.1410
1249F8.JPEG

Steinberg, L., Albert, D., Cauffman, E., Banich, M., Graham, S., & Woolard, J. (2008). Age Differences
in Sensation Seeking and Impulsivity as Indexed by Behavior and Self-Report: Evidence for a Dual

Systems Model. Developmental Psychology, 44(6), 1764-1778. https://doi.org/10.1037/A0012955



29
Strong, M. N., Yoneyama, N., Fretwell, A. M., Snelling, C., Tanchuck, M. A., & Finn, D. A. (2010).

“Binge” drinking experience in adolescent mice shows sex differences and elevated ethanol intake
in adulthood. Hormones and Behavior, 58(1), 82—90. https://doi.org/10.1016/J. YHBEH.2009.10.008

Suresh Nair, M., Dao, N. C., Lopez Melean, D., Griffith, K. R., Starnes, W. D., Moyer, J. B., Sicher, A.
R., Brockway, D. F., Meeks, K. D., & Crowley, N. A. (2022). Somatostatin neurons in the bed
nucleus of the stria terminalis play a sex-dependent role in binge Drinking. Brain Research Bulletin,
186, 38-46. https://doi.org/10.1016/J.BRAINRESBULL.2022.05.010

Tarazi, F. I., & Baldessarini, R. J. (2000). Comparative postnatal development of dopamine D1, D2 and
D4 receptors in rat forebrain. International Journal of Developmental Neuroscience, 18(1), 29-37.
https://doi.org/10.1016/S0736-5748(99)00108-2

Tavares, E. R., Silva-Gotay, A., Riad, W. V., Bengston, L., & Richardson, H. N. (2019). Sex Differences
in the Effect of Alcohol Drinking on Myelinated Axons in the Anterior Cingulate Cortex of
Adolescent Rats. Brain Sciences, 9(7). https://doi.org/10.3390/BRAINSCI9070167

Tierney, A. L., & Nelson Ill, C. A. (n.d.). Brain Development and the Role of Experience in the Early
Years.

Trantham-Davidson, H., Centanni, S. W., Garr, S. C., New, N. N., Mulholland, P. J., Gass, J. T., Glover,
E. J., Floresco, S. B., Crews, F. T., Krishnan, H. R., Pandey, S. C., & Judson Chandler, L. (2017).
Binge-Like Alcohol Exposure During Adolescence Disrupts Dopaminergic Neurotransmission in
the Adult Prelimbic Cortex. Neuropsychopharmacology : Official Publication of the American
College of Neuropsychopharmacology, 42(5), 1024—-1036. https://doi.org/10.1038/NPP.2016.190

Ueda, S., Niwa, M., Hioki, H., Sohn, J., Kaneko, T., Sawa, A., & Sakurai, T. (2015). Sequence of
Molecular Events during the Maturation of the Developing Mouse Prefrontal Cortex. Complex

Psychiatry, 1(2), 94-104. https://doi.org/10.1159/000430095



30
Underage Drinking | National Institute on Alcohol Abuse and Alcoholism (NIAAA). (n.d.). Retrieved

March 22, 2023, from https://www.niaaa.nih.gov/publications/brochures-and-fact-sheets/underage-
drinking

Uytun, M. C. (2018). Development Period of Prefrontal Cortex. Prefrontal Cortex.
https://doi.org/10.5772/INTECHOPEN.78697

Varlinskaya, E. 1., Truxell, E. M., & Spear, L. P. (2015). Ethanol intake under social circumstances or
alone in sprague-dawley rats: impact of age, sex, social activity, and social anxiety-like behavior.
Alcoholism, Clinical and Experimental Research, 39(1), 117-125.
https://doi.org/10.1111/ACER.12604

Vetreno, R. P., Broadwater, M., Liu, W., Spear, L. P., & Crews, F. T. (2014). Adolescent, but Not Adult,
Binge Ethanol Exposure Leads to Persistent Global Reductions of Choline Acetyltransferase
Expressing Neurons in Brain. PLOS ONE, 9(11), e113421.
https://doi.org/10.1371/JOURNAL.PONE.0113421

Whitaker-Azmitia, P. M. (2001). Serotonin and brain development: role in human developmental
diseases. Brain Research Bulletin, 56(5), 479-485. https://doi.org/10.1016/S0361-9230(01)00615-3

Zuo, Y., Lin, A., Chang, P., & Gan, W. B. (2005). Development of Long-Term Dendritic Spine Stability
in Diverse Regions of Cerebral Cortex. Neuron, 46(2), 181-189.

https://doi.org/10.1016/J.NEURON.2005.04.001



ACADEMIC VITA

W. David Starnes
davidstarnes{@psu.edu
EDUCATION
PENN STATE UNIVERSITY - SCHREYER HONORS COLLEGE, State College, Pennsylvania
Bachelor of Science in Biology (Neuroscience Focus) August 2019 - April 2023

* Neuroscience minor
PROFESSIONAL EXPERIENCE
PENN STATE UNIVERSITY, State College, Pennsylvania
Research Assistant (Crowley Lab) December 2020-Present
* Evaluated the role of somatostatin neurons in alcohol consumption and anxiety-like behavior in mouse models
* Ran drinking in the dark (placing alcohol bottles on at set time points) and performed mouse stereotaxic surgeries
* Performed mouse perfusions, running fluid through the mouse to clear its brain of blood before slicing
+ Sliced/stained/imaged of brains to quantify neuronal density of brain slices
* Performed brain extractions for patch clamp electrophysiology and prepped electrophysiology solutions
» Co-author of 2 publications, including | review paper and | publication on the effects of altering somatostatin
(SST) neurons in the bed nucleus stria terminalis (BNST) region of the brain on ethanol consumption and behavior
* Presenter at the Fall 2022 Eberly College of Science Poster exhibition and Penn State Department of Biology
Student Research Showcase
Teaching Assistant April 2021-Present
*» TA for Kinesiology 403 lab taught EMT skills to over 30 students
* Ran practice call scenarios, testing the students on a variety of different scenarios (heart attack/allergic reaction etc.)
COMPANY 20, State College, Pennsylvania
Emergency Medical Technician January 2021-Present
» EMT for Penn State EMS, working over 500 hours on the ambulance responding to calls/completing training
* Worked over 100 hours at Penn State sporting events as an EMT, including hockey, football, lacrosse, and soccer
UNIVERSITY OF DELAWARE, Newark, Delaware
Field Research Assistant (Wisser Lab) June 2019 - August 2019
» Investigated environmental adaptation and disease resistance of corn to create a genetic predictability model
* Recorded plant characteristics (height/leaf count/flowering time) and performed cross pollinations/DNA extractions
LEADERSHIP AND CAMPUS INVOLVEMENT
Events Coordinator (2021-2022) President (2022-2023), REMOTE AREA MEDICAL September 2019-Present
* Traveled between states (Maryland/Virginia/Pennsylvania/Ohio) to provide free medical services
* Made over 100 pairs of glasses, triaged patients, worked on dental floor, and setup/broke down the clinic
* Planned and organized Remote Area Medical clinic in PA, establishing a community host group
+ Coordinated outside activities (rock climbing/COVID friendly studying groups/game days/movie nights/dinners)
* Ran biweekly workshops and recruited speakers (how to get into a lab at Penn State/getting involved as a medical
volunteer/med school myths/'how to crack the MCAT/medicine from the multicultural resource center)
Mentor, SHO TIME September 2020-Present
+ Mentor for new students in the Penn State Schreyer Honors College
* Helped students get accustomed to college life and helped to organize the Sho Time orientation

Mentor, PHYSIO CAMPS September 2020-Present
+ Created PowerPoints about human physiology presented to elementary schoolers (the heart/the brain/the lungs)
Member, SERVE STATE January 2020-Present

* Member of Penn State Thon organization dedicated to helping the Penn State community through volunteering
* Dedicated hours to make medical PowerPoints, cards for veterans, hospital quilts, etc.
Member, PENN STATE CLUB GOLF September 2019-Present
* Member of the Pennsylvania State club golf participating in club tournaments and events
AWARDS
» Eberly College of Science Research Scholarship
* Braddock Scholarship Award, Eberly College of Science, Penn State
* Academic Excellence Scholarship, Penn State
* Alma Newlin Scholarship Award for Science
* Delaware State Golf Association Scholarship Award
* Student Engagement Network Grant/Schreyer Honors College Research Grant




