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ABSTRACT 

Alcohol use disorder is a debilitating neurological disorder which affects millions of 

Americans each year.  Even more prevalent are negative affective disorders, which are 

comprised of both depressive disorders and anxiety disorders.  Alcohol use disorder and 

negative affective disorders are highly comorbid, meaning an individual with one 

disorder is at an increased risk to develop the other as well.  Much remains unknown as to 

the neurophysiological mechanisms underlying this comorbidity.  The studies at hand aim 

to contribute to this understanding.  The initial study seeks to determine whether or not 

sex differences exist in common assays of anxiety-like behavior in rodent models.  The 

second study aims to determine the role of two non-overlapping amygdalar circuits in 

anxiety-like and drinking behaviors.  Together, the objective of these experiments is to 

contribute to the existing pool of literature in the hopes that it is able to inform and 

develop treatments and therapeutics for comorbid alcohol use disorder and anxiety 

disorders.   
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CHAPTER ONE 

Introduction 

1. Alcohol Use Disorder 

Alcohol Use Disorder (AUD) is a chronic relapsing brain disorder, which is a 

considerable public health concern both in the United States and worldwide.  With over 

16.3 million Americans affected, this issue has become a substantial socioeconomic 

burden as well as a leading cause of global disease and deaths (Lipari & Van Horn, 

2017).  Criteria for diagnosis of AUD was redefined in the DSM-V; the DSM lists 11 

possible signs and symptoms which could indicated the existence of an AUD in an 

individual.  This list assesses a variety of symptoms typically associated with the disorder 

including feelings of craving, continuing drinking despite negative consequences, 

development of tolerance, and unsuccessful attempts to stop or reduce drinking.  This list 

is utilized to diagnose along the spectrum, with mild AUD defined as the presence of 2-3 

symptoms, moderate AUD with 4-5 symptoms, and severe AUD as the presence of 6 or 

more symptoms (APA, DSM-V, 2013). 

With approximately 86% of the United States population consuming alcohol at some 

point in their lifetime, it is evident that not everyone that is exposed to alcohol develops 

an AUD, suggesting there must be risk factors or exposures that render some individuals 

more likely than others to misuse the drug (SAMHSA, 2015).  Majority of individuals 

begin consuming alcohol in the context of unproblematic social drinking, which is where 

many people are able to stop.  During this stage of social drinking, consumers partake for 

the rewarding, positive reinforcing effects of alcohol.  However, a subpopulation of 
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susceptible drinkers turns to problematic drinking, resulting in physical dependence 

caused by neurobiological changes in the reward circuitry of the brain (H. C. Becker, 

2014).  From here, these individuals develop AUDs and enter the cycle of addiction.  

This cycle consists of three primary stages – preoccupation and anticipation, binge 

intoxication, and withdrawal with accompanying negative affect (Koob, 2014).  During 

this stage, the continuation of drinking is no longer supported via positive reinforcement, 

but has instead transitioned to a negative reinforcement-based process.  Due to the 

physiological changes that are induced in the reward circuitry, negative affective states 

are strengthened and persist for longer periods of time during the withdrawal phase.  

Further, the cravings and anticipation are heightened during the preoccupation stage, 

making relapse even more likely.  As such, once an individual has reached this stage, 

drinking now becomes motivated by a desire to alleviate the anxiogenic and negative 

affective emotions associated with withdrawal.  As aforementioned, certain experiences 

or conditions can render an individual more vulnerable to enter this cycle of addiction 

rather than remaining in the social drinking stage.  One such condition, which particularly 

affects the persistence and severity of the withdrawal stage, is a comorbid negative 

affective disorder. 

 

2. Comorbidity with Negative Affective Disorders 

One major issue concerning alcohol use disorder is its comorbidity with affective 

disorders (Buckner et al., 2008; Oliveira, Bermudez, Macedo, & Passos, 2018; Smith & 

Randall, 2012). Approximately 40% of people with lifetime major depressive disorder 

have a comorbid AUD (Hasin, Goodwin, Stinson, & Grant, 2005; Klimkiewicz et al., 
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2015).  Individuals with depressive and anxiety disorders are up to 3 times more likely to 

have an AUD (Burns & Teesson, 2002; Lai, Cleary, Sitharthan, & Hunt, 2015).  Further, 

these individuals who do have comorbid anxiety and alcohol use disorders experience 

greater symptom severity of both disorders and are much quicker to relapse after seeking 

treatment (Gimeno et al., 2017; Hasin, Stinson, Ogburn, & Grant, 2007; Schellekens, de 

Jong, Buitelaar, & Verkes, 2015).   

Negative affective disorders include a wide range of mental health disorders which are 

characterized by a chronic dysregulation of neurobiological function, resulting in a 

persistence of negative emotional states.  Common disorders among this class include 

major depressive disorder (MDD), post-traumatic stress disorder (PTSD), and anxiety 

disorders.  Anxiety disorders can be further broken down to include general anxiety 

disorder (GAD), panic disorder, social anxiety disorder (SAD), and specific phobias.  

Although this list of differential diagnoses is extensive, their pathologies are often 

overlapping as they all fall under the umbrella of negative affective disorders.  Further, 

all of the diagnoses across this spectrum have been shown to be correlated with greater 

incidence of AUD and substance use disorder (SUD) (Buckner et al., 2008; Grant et al., 

2017; Lai et al., 2015; Oliveira et al., 2018). 

In particular, there exists a complicated relationship between alcohol and stress/anxiety.  

Many individuals turn to the consumption of alcohol under stressful conditions due to the 

acute anxiolytic effects of alcohol.  However, while alcohol can in fact relieve symptoms 

of stress and anxiety temporarily, chronic consumption often leads to the opposite effect 

of anxiogenesis.  Further, stress is often one of the major components which leads to 

relapse to drinking after withdrawal, particularly due to the increased anxiety levels 
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during this stage.  As such, the cyclical nature of this relationship makes it unsurprising 

that anxiety disorders and AUDs are highly comorbid. 

Notably, some individuals are particularly vulnerable to these dual diagnoses.  For 

example, there is overwhelming epidemiological evidence that chronic early life stress 

represents a major risk factor for AUD and comorbid affective disorders like anxiety 

disorders and PTSD (Chapman et al., 2004; Dube, Anda, Felitti, Edwards, & Croft, 2002; 

Hynes et al., 2017; Liang & Chikritzhs, 2013; Nixon & McClain, 2010).  It has long been 

established that exposure to an increased number of adverse childhood experiences 

(ACEs) puts an individual at increased risk for a conglomeration of negative health 

outcomes, including AUD and negative affective disorders (Felitti et al., 1998).  In fact, 

children exposed to ACEs can be up to 3 times more likely to misuse alcohol in 

adulthood (Lee & Chen, 2017).  In addition, number of ACEs experienced is positively 

correlated with drug use, depression, and suicidality (Merrick et al., 2017).  Despite the 

well-established link between early life stress, AUD, and negative affective disorders, the 

neural substrates underlying this relationship are poorly understood (Spear, 2018; T. J. 

Wukitsch, Reinhardt, Kiefer, & Cain, 2018).  

 

3. Amygdala 

Basolateral Amygdala 

While it is understood that AUD and negative affective disorders are highly comorbid, 

the mechanisms which links them together is largely unknown.  Human imaging studies 

suggest that the amygdala plays a crucial role in the etiology of comorbid AUD and 
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negative affective disorders (Swartz, Knodt, Radtke, & Hariri, 2015).  For instance, 

higher risk tolerance has been correlated with increased grey matter volume in the 

amygdala, suggesting activation of this region may make individuals more likely to 

engage in risk-taking and drug-seeking behavior (Jung, Lee, Lerman, & Kable, 2018).  

Further, amygdala reactivity to threatening faces was able to predict the presence of AUD 

in adults, particularly when accounting for self-reported stress (Nikolova, Knodt, Radtke, 

& Hariri, 2016).  As such, the amygdala is an obvious region of interest when trying to 

determine the neural mechanisms underlying the interactions of AUD and negative 

affective disorders. 

The amygdala is broken down into three primary subregions: the basolateral amygdala 

(BLA), the lateral amygdala (LA), and the central amygdala (CeA) (Janak & Tye, 2015).  

The BLA is the primary input to the amygdala, receiving input from all sensory 

modalities (O’Neill, Gore, & Salzman, 2018; Sengupta et al., 2017; Xian Zhang & Li, 

n.d.).  The region is primarily made up of glutamatergic pyramidal neurons which encode 

for the valence of environmental and emotional stimuli.  These neurons project to various 

downstream regions, which in turn orchestrate behavioral responses to these stimuli 

(McHugh, Deacon, Rawlins, & Bannerman, 2004; Rei et al., 2015; Wassum & Izquierdo, 

2015).   

The BLA has been of particular interest to the study of anxiety and AUD comorbidity 

due to its demonstrated involvement in alcohol seeking and consumption and its 

dysregulated activity in an adolescent social isolation (aSI) model of early life stress 

(Läck, Ariwodola, Chappell, Weiner, & McCool, 2008; Skelly, Chappell, Carter, & 

Weiner, 2015).  In humans, changes in BLA excitability are linked to the emergence of 
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AUD and negative affective disorders such as PTSD; this relationship is exacerbated by 

early life stress.  Typically, activation of the BLA in rodents is associated with increased 

alcohol consumption and increased anxiety-like behavior, especially after exposure to 

alcohol during adolescence (Kim & Han, 2016; Moaddab, Mangone, Ray, & McDannald, 

2017). 

Central Amygdala 

One of the main downstream targets of the BLA is the CeA, which serves as major output 

region of the amygdala complex (Amano, Unal, & Paré, 2010; R. K. Butler et al., 2017; 

Duvarci & Pare, 2014; Tye et al., 2011).  Unlike the BLA, the CeA is primarily 

GABAergic in nature.  The CeA sends projections to a variety of downstream targets and 

activates the Hypothalamic-Pituitary-Adrenal (HPA) axis, thus initiating physiological 

responses to aversive and anxiogenic stimuli (Gilpin, Herman, & Roberto, 2014).   

Involvement of these amygdalar subregions have long been implicated in the comorbidity 

of AUD and negative affective disorders.  Activation of the CeA has been connected to 

many stages of ethanol consumption, including binge-like drinking and withdrawal states 

(Mike, Robinson, Warlow, Kent, & Berridge, 2014; Roberto, Madamba, Stouffer, 

Parsons, & Siggins, 2004; Skórzewska et al., 2015; Warlow, Mike, Robinson, Kent, & 

Berridge, 2017).  Further, this region is shown to be involved in regulating anxiety-like 

behaviors induced during withdrawal states (Roberto, Schweitzer, et al., 2004).     

BLA  CeA Circuitry 

Although BLA-CeA dysregulation is known to play an integral role in the links between 

early life stress, AUD, and negative affective disorders, emerging data has revealed that 

this circuitry is much more heterogeneous than previously appreciated (Xiangyu Zhang, 
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LeBlanc, Kim, Tonegawa, & Muralidhar, 2017).  Recent studies have shown that distinct 

BLA-CeA circuits can encode behaviors of opposing valence (including anxiety-like 

behaviors) and that there may be anatomical segregation of CeA projecting BLA cells of 

opposing valence (Beyeler et al., 2016, 2018; R. K. Butler et al., 2017; Tye, 2018; Yang 

et al., 2016). 

 

4. Modeling Mental Health Disorders in Rodents 

AUDs and negative affective disorders are extremely difficult to model.  Mental health 

disorders are multidimensional constructs, characterized by numerous emotional, 

cognitive, and physiological symptoms.  In humans, one of the best tools we have to 

assess such complicated disorders is questionnaires.  Questionnaires allow us to parse 

apart the various components that define anxiety disorders in each individual.  In rodents, 

however, we do not have this luxury and we, therefore, must find creative ways to model 

anxiety-like and depressive-like behaviors in rats.  That being said, it is important to 

remember that translational animal models are not true models for diseases or disorders 

as a whole, but are instead designed to simulate specific symptoms or behaviors of 

individual disorders and should be interpreted as such. 

Models of Alcohol Use Disorder 

Since rodents do not consistently and compulsively seek out alcohol of their own 

volition, many paradigms have been developed to introduce alcohol to rodents in a 

palatable and rewarding manner which can then lead to steady, and perhaps escalated, 

consumption.  Two commonly used paradigms for ethanol consumption in rodents are 

operant self-administration and intermittent access two bottle choice.  Both of these 
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paradigms assess voluntary ethanol consumption, which is an extremely important 

consideration when attempting to study disordered behavior.  As aforementioned, one of 

the key diagnostic criteria for AUD is choosing to drink despite facing negative 

consequences.  As such, drinking paradigms based on choice and voluntary consumption 

are critical for translational models.   

Intermittent Access Two Bottle Choice 

Intermittent Access Two Bottle Choice is a widely-used paradigm designed to measure 

voluntary consumption of ethanol when allowed free access.  In this paradigm, rats have 

two bottles affixed to their cages.  Three days a week, approximately every other day, one 

bottle is filled with standard water while the other bottle contains an alcohol solution with 

a predetermined concentration of ethanol.  During the other four days of the week, both 

bottles contain water.  Since there are no requirements or punishments associated with 

retrieval of the ethanol, this paradigm is ideal for modeling drinking under conditions of 

free access.  Further, the intermittent access aspect of the paradigm has been shown to 

produce rapid and steady escalations in ethanol consumption in both rodent and primate 

models (Fabio, Nizhnikov, Spear, & Pautassi, 2014; SG et al., 2017; A. J. Wukitsch, 

Reinhardt, Kiefer, & Cain, 2018).  This escalation to increased drinking to the point of 

physiologically-relevant blood ethanol levels based solely on voluntary consumption is 

what makes this paradigm an effective model for the human condition.  As 

aforementioned, one of the key stages in the development of an AUD is the progression 

from unproblematic social drinking to compulsive drinking of higher quantities of 

alcohol; as such, the escalation of drinking produced by the intermittent access two bottle 
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choice paradigm clearly models this aspect of human drinking (Carnicella, Ron, & Barak, 

2014).  

Operant Self-Administration 

While the intermittent access two bottle choice paradigm is useful for modeling alcohol 

consumption under free access conditions, the operant self-administration paradigm is 

particularly beneficial for gaining insight to the motivational aspects involved in alcohol 

drinking.  Briefly, rodents are required to perform a task (i.e. press a lever, perform a 

nosepoke) a set number of times in order to gain access to alcohol for an established 

amount of time or quantity.  This model can be adapted to different parameters based on 

the measures each individual lab hopes to attain from the assay.  For instance, our lab 

uses a modified version in which rats must press a lever 20-30 times (depending on the 

experiment) in order to gain free access to the ethanol solution for a 20 minute period (H 

H Samson, Files, & Denning, 1999).  In this way, researchers can then obtain both 

appetitive and consummatory measures of alcohol drinking from the paradigm.  

Appetitive behaviors refer to those involved in the seeking component of alcohol 

drinking, including the motivational aspects and how hard rodents are willing to work in 

order to gain access to ethanol.  The consummatory behaviors are those involved in the 

actual consumption of alcohol solutions.  Many other variations of the operant self-

administration model – such as those that used fixed ratio setups, in which a small 

number of lever presses allows extremely brief access to an ethanol solution – conflate 

appetitive and consummatory measures since the consumption of ethanol is dependent 

upon the appetitive behaviors.  However, in the aforementioned model that our lab 

utilizes, on testing days, rats are allowed the 20 minute access period, even if the lever 
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presses were not completed.  In this way, the paradigm is able to separate out the 

measures of both appetitive (i.e. lever press completion, rate, time to complete) and 

consummatory (i.e. drinking rate, g/kg, total amount) behaviors.  Since rodents are 

required to perform a task in order to gain access, it is necessary to utilize a sucrose fade 

in order to encourage an increase in ethanol consumption (Herman H. Samson, Pfeffer, & 

Tolliver, 1988).  A sucrose fade involves initially adding a moderate amount of sucrose to 

the ethanol solution in order to increase its palatability and slowly and subsequently 

reducing the amount of sucrose in the solution until the solution is only ethanol and 

water.  In this way, the rodents become accustomed to the taste of the ethanol as they 

learn to associate the pharmacological effects with consumption of the solution.  This is 

similar to the progression of drinking in humans as well, where individuals often begin 

social drinking with more palatable drinks.  Further, one of the primary benefits of the 

operant self-administration paradigm is the measure of appetitive behaviors, which 

models the effort and work that humans with AUDs are willing to put forth in order to 

obtain alcohol.  These factors make the operant self-administration paradigm highly 

useful in modeling the motivational aspect of drinking behaviors. 

Models of Addiction Vulnerability 

Early Life Stress 

The experience of early life stress has long been understood to be a risk factor for 

negative affective disorders, AUDs, and other substance use disorders.  A common 

measure used to indicate early life stress in humans is adverse childhood experiences.  

This score is used as a proxy for the amount of traumatic experiences or hardships an 

individual may have experienced as a child.  ACEs fall into three categories – abuse (i.e. 
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sexual, physical, or emotional), neglect (i.e. emotional or physical), and household 

dysfunction (i.e. family member in prison, family member committed suicide, mother 

treated violently, parental separation/divorce, family member with substance abuse issue) 

(Felitti et al., 1998; Merrick et al., 2017).  As the number of ACEs an individual has 

experienced increases, so does their risk for a large number of negative health and 

behavioral outcomes (Downey, Gudmunson, Pang, & Lee, 2017).  Of particular interest, 

individuals that have experienced a high number of aces are at substantial risk for mental 

health disorders.  For example, children that experienced emotional abuse were over 2.5 

times more likely to experience a depressive disorder at some point in their lifetime, 

compared to the general population (Chapman et al., 2004).  In addition, the effect of 

ACEs occurs in a dose-dependent manner, with risk for incidences such as depressed 

affect, drug use, and problematic drinking increasing as the number of ACEs experienced 

increases.  Perhaps the most striking example is that individuals that have experienced 6 

or more ACEs are over 24 times more likely to attempt suicide (Merrick et al., 2017).  

Additionally, individuals that have experienced multiple ACEs are 2 to 4 times more 

likely to partake in heavy drinking in adulthood, compared to individuals that have 

experience no ACEs (Dube et al., 2002). As such, this data clearly suggests that 

individuals who experience early life stress are at substantial risk for both negative 

affective disorders and AUDs and that early life stress may be one of the mediating 

factors underlying this comorbidity.   

Adolescent Social Isolation 

One of the common ways to model early life stress in rodents is the adolescent social 

isolation paradigm.  This model operates based on the natural behaviors and preferences 
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of rodents.  Rats are incredibly social creatures and, in the wild, choose to live in large 

colonies made from intricate burrows, which allow many rats to live in close proximity 

with one another.  As such, when rats are taken out of this preferred, social environment, 

it can be quite anxiety-inducing.  Our lab and others have utilized an adolescent social 

isolation (aSI) model which uses this concept in order to develop long-lasting anxiety-

like behavior in rodents.  Briefly, rats are brought into the lab at postnatal day 21 (P21) 

and are group housed for a week.  At P28, half of the rats (the aSI group) are individually 

housed while the other group-housed (aGH) group remain in their original housing 

conditions.  At P70, all rats are then individually housed, but the behavioral changes 

persist (T. R. Butler, Karkhanis, Jones, & Weiner, 2016).  Our lab has shown that aSI 

intervention results in increased anxiety-like behavior – as indicated by decreased time 

spent in the open arms of the EPM and an increased acoustic startle response – as well as 

escalations in ethanol intake compared to aGH rats; these behavioral changes stand well 

into adulthood (Skelly et al., 2015).  Further, additional research from our lab has 

demonstrated that BLA pyramidal neurons are hyperexcitable after aSI (Rau, Chappell, 

Butler, Ariwodola, & Weiner, 2015).  Together, this data insinuates that early life stress, 

as modeled by aSI, may be mediating the comorbidity of anxiety-like and drinking 

behaviors in rodents and that this may occur via a BLA-mediated mechanism. 

Approaches for Studying Behavior 

Assays for anxiety-like behavior 

Rodents are nocturnal creatures and, thus, tend to avoid brightly-lit open spaces in favor 

of dark, enclosed spaces.  In fact, they tend to consider these brightly-lit open spaces to 

be quite anxiogenic.  However, rats are also highly exploratory creatures and have a 
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strong innate drive to investigate unknown areas.  Most of the common assays used to 

assess anxiety-like behavior in rodents are based off of these innate properties.  These 

tests measure how much rodents are willing to explore bright, open spaces, despite their 

anxiogenic properties.   

One such assay is the open field test (OFT), which involves a large, open, brightly-lit box 

(Seibenhener & Wooten, 2015).  The assay measures how much time is spent and 

distance is traveled in the center region compared to the margins of the box, with 

increased time spent in the center indicating decreased anxiety-like behavior.  Another 

test based on those same concepts is the EPM, which consists of two open arms and two 

closed arms, joined at a junction (Walf & Frye, 2007).  More time spent in the open arms 

suggests decreased anxiety-like behavior.  A similar assay, the elevated zero maze, was 

designed to eliminate the ambiguity of the junction of the EPM; this assay has two open 

segments and two closed segments, conjoined in a ring (Braun, Skelton, Vorhees, & 

Williams, 2011; Shepherd, Grewal, Fletcher, Bill, & Dourish, 1994).  Other assays of 

anxiety-like behavior include the light-dark box and the successive alleys test, both 

operating based on the same principles (Bourin & Hascoët, 2003; Deacon, 2013).  

Together, these assays help to provide an indication of anxiety-like behavior in rodents. 

Viral approaches 

Much work nowadays focuses on determining the anatomy or the behavioral effects of 

specific circuitries within the brain.  Viral approaches are often used to identify or 

specifically target these pathways.  One common chemogenetic viral technique is the use 

of designer receptors exclusively activated by designer drugs (DREADDs).  DREADDs 

are modified G-coupled protein receptors that are exclusively activated by the exogenous 
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ligand clozapine N-oxide (CNO) (Roth, 2016).  These receptors can be either modified 

inhibitory (Gi) or excitatory (Gq) receptors, although inhibitory DREADDs may be more 

commonly used.  The promotor region of the virus allows researchers to target specific 

subpopulations of neurons based on the presence or certain proteins.  For example, since 

all projection neurons in the BLA express CamKII, our lab frequently uses DREADDs 

with a CamKII promotor to specifically infect these neurons.  This approach can either be 

used to silence an entire brain region – where the CNO is also administered into the same 

region that the virus infected – or can silence a specific neural pathway.  In the latter 

approach, the DREADD virus is injected into the projecting region of interest in the 

circuit and CNO is microinfused into the downstream target of interest.  In this way, 

researchers can utilize the technique to determine the effects of inhibition or excitation of 

a brain region or a specific neural pathway. 

 

5. Sex Differences 

AUDs and Negative Affective Disorders 

While other risk factors for negative affective disorders and AUDs, such as early life 

stress, have been identified, it is important to note that biological sex can also be a risk 

factors for these disorders.  In terms of reported incidences, women are at increased risk 

for anxiety disorders (Gimeno et al., 2017).  Females also report higher 12-month and 

lifetime prevalence of depressive disorders and any type of anxiety disorder (Kessler et 

al., 1994).  Since anxiety disorders and AUDs are highly comorbid, one might speculate 

that females would also be at increased risk for AUD.  However, men report higher 12-

month and lifetime prevalence of AUDs, alcohol abuse, and alcohol dependence (Hasin 
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et al., 2007).  This trend is also true for substance use disorder (Kessler et al., 1994).  

Further, there has been evidence that there may be neural mechanisms underlying these 

differences.  When evaluating how gene expression is changed in individuals with major 

depressive disorder (MDD) compared to the general population, researchers discovered 

that out of the thousands of genes evaluated, only 21 showed changes in the same 

expression while 52 genes demonstrated changes in expression in the opposite direction 

between sexes (Seney et al., 2018).  As such, these striking differences demonstrate the 

importance of including sex as a biological variable when conducting research on AUD 

and anxiety disorders as there may be vast differences in both behavior and neural 

mechanisms between males and females.    

Animal Models 

While it has been established that there are clear sex differences in the prevalence of 

AUD and negative affective disorders, most research on anxiety-like and drinking 

behaviors are still conducted primarily in male rodents.  However, there has been recent 

push to include sex as a biological variable in future studies (Shansky, 2018).  As such, 

sex differences have begun to emerge in the rodent studies which do include both males 

and females.  In general, female rodents typically consume more ethanol than male 

rodents (J. B. Becker & Koob, 2016).  Females also exhibit different behaviors in 

anxiolytic fear-conditioning tasks, with an increased number showing darting behavior as 

opposed to classic freezing behavior (Colom-Lapetina, Li, Pelegrina-Perez, & Shansky, 

2019).  However, the sex differences in behavior is not always clear cut; for example, one 

study showed that rats performed differently on a battery of anxiety-like behavioral 

assays depending on sex and strain (Burke et al., 2016).  Other labs have also 
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demonstrated that sex differences in anxiety-like behavior may emerge in some strains 

but not others (Mehta, Wang, & Redei, 2013).  In addition, females demonstrate 

increased excitatory synaptic input in the BLA, suggesting differences in underlying 

neural mechanisms as well (Blume et al., 2017).  Therefore, it is of the utmost importance 

to compare both anxiety-like and drinking behaviors and the neural changes underlying 

these behaviors within the context of sex. 

 

6. Conclusions 

Alcohol Use Disorder is a debilitating chronic relapsing disorder which affects 

approximately 5% of Americans (SAMHSA, 2015).  Furthermore, AUDs are highly 

comorbid with negative affective disorders, particularly anxiety disorders.  However, the 

etiology of this comorbidity remains poorly understood.  That being said, extensive 

research has identified the basolateral amygdala as a key region implicated in both AUD 

and anxiety disorders.  In addition, the central amygdala, one of the downstream targets 

of the BLA, has been shown to be dysregulated in both disorders as well.  Therefore, this 

circuit is clearly of interest in studying the neural mechanisms underlying the 

comorbidity of AUD and anxiety disorders.  Further, in the human population, vast sex 

differences have emerged in mental health disorders, with females reporting higher 

incidence of anxiety disorders and males reporting increased incidence of AUD.  These 

sex differences have also been demonstrated in rodent models, further emphasizing the 

importance of including sex as a biological variable in future research.  Altogether, the 

current literature demonstrates a need for continued research in order to inform and 

develop therapeutics for both AUD and anxiety disorders.    
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CHAPTER TWO 

A comparison of measures of anxiety-like behavior in male and female Long Evans rats 

Allie Baldassaro, Christina Dyson, Sarah Ewin, and Jeffrey Weiner 

 

ABSTRACT 

Although there are many validated behavioral assays used to measure anxiety-like 

behavior in animals, which elements of “anxiety” these assays assess is often not clear. 

Nevertheless, a common assumption is that these tests measure similar elements of 

anxiety-like behavior. Further, many studies use these tests to examine sex differences 

but it is not known if these assays assess the same elements of anxiety-like behavior in 

males and females. Here, we began to address these questions by comparing the behavior 

of male and female Long Evans rats on the successive alleys test (SAT), a novel rodent 

assay of anxiety-like behavior with three tests commonly used to measure anxiety-like 

behaviors in rats:  the open field test (OFT), elevated plus-maze (EPM), and elevated zero 

maze (EZM). The SAT consists of a series of four alleys, each increasing in its 

anxiogenicity, that may offer advantages over common tests of anxiety-like behavior. 

The “anxiety” gradient created by the four alleys may increase the sensitivity of this 

assay relative to more traditional tests that only offer a binary choice (e.g. open/closed 

arms) and is somewhat more analogous to the scalar questionaires used to assess anxiety 

in human subjects.  Male rats spent most their time in the enclosed arm of the SAT while 

females spent less time than males in the enclosed alley, suggesting that females 

exhibited less anxiety-like behavior than males on this assay. Sex differences in anxiety-

like behaviors were also observed in the EZM but not the EPM or OFT. More 
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importantly, common “open area” measures of anxiety-like behavior were poorly 

correlated across many of these assays. Collectively, the observation that sex differences 

and measures of anxiety-like behavior were not consistent across these tests adds to a 

growing literature suggesting that different assays of anxiety-like behavior may assess 

distinct elements of this complex emotion.   
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SIGNIFICANCE STATEMENT  

Emotions like anxiety are complex, multidimensional constructs comprised of many 

distinct elements.  The current study compares various behavioral assays commonly used 

to measure anxiety-like behavior in rodents.  Sex differences are evident in some, but not 

all of the assays.  Additional studies will be needed to further characterize the nature of 

these differences as well as the sexually dimorphic behavioral responding across the 

different tests. Further, these data provide additional evidence supporting the validity of 

the SAT to measure anxiety-like behavior.  Together, this study contributes to the 

understanding of the characterization of measures of anxiety-like behavior in rodents.   
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INTRODUCTION 

Alcohol use disorder (AUD) and negative affective disorders are highly comorbid and 

this dual diagnosis is associated with an increase in severity of symptoms and resistance 

to treatment.  Anxiety disorders are present up to five times as frequently in individuals 

suffering from AUD (Klimkiewicz et al., 2015).  Individuals with depressive and anxiety 

disorders are up to 3 times more likely to have a AUD (Burns & Teesson, 2002). Further, 

these individuals who do have comorbid anxiety and alcohol use disorders are much 

quicker to relapse after seeking treatment (Hasin, Stinson, Ogburn, & Grant, 2007; 

Schellekens, de Jong, Buitelaar, & Verkes, 2015).   

Anxiety disorders are highly complex and diagnosed by a broad spectrum of symptoms.  

Although all anxiety disorders include symptoms associated with excessive fear and 

persistent worry, the DSM-V includes over ten distinct subtypes of anxiety disorders, 

each with its own largely overlapping, but distinct, symptomology.  Moreover, there are 

profound individual differences in the spectrum of symptoms expressed by patients 

suffering from these diseases.  Questionnaires play an integral role in the diagnosis of 

anxiety disorders and much effort has been put forth to optimize these questionnaires to 

aid in the diagnosis of anxiety disorders in human populations.  Researchers and 

clinicians have compiled questionnaires that aim to include a comprehensive list of the 

many components of anxiety disorders, including worry, emotionality, negative affect, 

feeling, cognitive aspects, and physical manifestations (Koksal & Power, 1990; Morris, 

Davis, & Hutchings, 1981; Ryan, Bailey, Fearon, & King, 2013).  With the help of these 

questionnaires, clinicians are able to better diagnose and treat patients individually, based 

on their symptoms and the elements of anxiety they are most afflicted by.   
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Characterizing anxiety in animal models is a much more arduous task.  Since rodents are 

unable to express their feelings or emotionality, the field relies on representative assays to 

measure anxiety-like behaviors.  In the current literature, these assays are often used 

interchangeably as representations of anxiety.  However, often times, measures of 

anxiety-like behavior do not correlate among these assays, suggesting that they may 

measure different components of anxiety-like behavior (Acevedo, Nizhnikov, Molina, & 

Pautassi, 2014).  Many of these tests operate on the basic idea that rodents find open, 

brightly lit spaces anxiogenic and tend to migrate towards dark, enclosed spaces.  Perhaps 

the simplest execution of this principle, the open field test (OFT),  consists of an open, 

brightly lit box (Seibenhener & Wooten, 2015). The primary measure of the OFT is the 

time spent in the center compared to the time spent in the margins of the box, with more 

time spent in the center suggesting less anxiety-like behavior of the rodent.  Arguably the 

gold standard in the field, the elevated plus-maze (EPM) is an elevated platform with four 

arms, two closed and two open, that meet at a junction (Walf & Frye, 2007).  Time spent 

in the open arms, compared to the closed arms, is considered a measure of anxiety-like 

behavior, with more time spent in the open arms indicating less anxiogenic behavior.  

The zero maze was proposed in response to EPM as a way to eliminate the junction 

(Shepherd, Grewal, Fletcher, Bill, & Dourish, 1994).  The assay is an elevated ring, with 

two closed sections and two open sections; time spent in open sections is once again used 

to measure anxiety-like behavior.   

One important limitation with these standard assays is that the available options are 

dichotomous (e.g. closed or open arm; center or margin).  Since the symptoms of anxiety 

disorders are experienced along a spectrum, this dichotomous nature of most animal tests 



36 
 

may limit their clinically meaningful.  The successive alleys test (SAT) is a novel assay 

that has been proposed to address this concern and others.  The assay consists of an 

elevated series of four segments, which become progressively lighter in color, more 

exposed, and, consequently, more anxiogenic (Deacon, 2013).  This gradient eliminates 

the binary choice mandated by other assays and allows for a wider spread of anxiety-like 

behavior in the animals.  It also removes the need for a junction, as used in the EPM, 

eliminating any ambiguity associated with time spent in this zone.   

Another important issue is that these assays are assumed to be measuring the same 

anxiety-like factors in both males and females.  Studies in humans show that females 

differ from males in the diagnoses, symptoms, and transcriptional changes associated 

with affective disorders such as depression and anxiety.  For instance, males and females 

with major depressive disorder display diverging transcriptional phenotypes, particularly 

regarding genes related to oligodendrocytes and microglia, in the dorsal prefrontal cortex 

and the anterior cingulate cortex (Seney et al., 2018).  Even in rodents, sex differences 

have been identified in the defining characteristics of anxiety-like behaviors on 

commonly used assays (Blume et al., 2017; Daviu, Andero, Armario, & Nadal, 2014).  It 

is suggested that behavioral assays such as EPM may be more indicative of activity than 

anxiety in female rodents, rendering the assays less sensitive to anxiety-like behavior in 

females (Fernandes, González, Wilson, & File, 1999).  If anxiety manifests differently 

between sexes, the same behavioral assays may not be appropriate for both males and 

females.   
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The goal of this paper was to further characterize the SAT and compare measures  

of anxiety-like behavior on this assay with similar measures on three common rodent 

tests of anxiety-like behavior, the EPM, EZM and OFT..  Additionally, we examined sex 

differences across these assays to determine whether these tests measures similar anxiety 

measures in both sexes..  Our findings revealed several notable sex differences across the 

four assays.  In addition, despite the fact that all four assays share measures of anxiety-

like behavior related to an animal’s willingness to explore open, brightly lit areas, these 

measures were poorly correlated across the different assays. 
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METHODS 

Animals 

All experiments were conducted in accordance with the guidelines set forth by the 

National Institutes of Health Guide for the Care and Use of Laboratory Animals, and 

were approved by the Wake Forest University Institutional Animal Care and Use 

Committee. Sixteen young male and sixteen young females Long-Evans rats (Harlan, 

Indianapolis, IN) were obtained weighing approximately 250 g and were individually 

housed in standard polypropylene shoebox cages. Subjects were maintained on a 12-hour 

light/dark schedule (lights on at 7 am) with ad lib access to rodent chow and water. 

Open Field Test 

For the open field test, standard locomotor activity chambers (Digiscan animal activity 

monitors, Omnitech, Columbus, OH) were used.  Rats were placed in brightly lit acrylic 

plastic chambers (42 × 42 × 30 cm) for 30 minutes.  Total distance traveled was used as a 

measure of general locomotor activity.  Time spent in the center was used as a measure of 

anxiety-like behavior.   

Elevated Plus Maze 

In this assay, rats were placed in a standard EPM (Med Associates, St. Albans, VT).  The 

apparatus consisted of four arms – two closed and two open, each arm measuring 10.2 cm 

wide by 50.8 cm long – that meet at a junction in the center.  The rat was placed at the 

junction, facing an open arm but able to see both closed arms as well, and the assay was 

run for 5 minutes.  Number of entries into the closed arms was used as a locomotor 

activity measure.  Anxiety-like behavior can be measured via time spent in open arm or 

number of entries into open arms.     
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Elevated Zero Maze 

The EZM consists of an elevated ring with a 10 cm wide white track and a 105 cm 

diameter (Med Associates, St. Albans, VT).  The apparatus has two dark, enclosed 

sections and two open sections.  Rats are placed at the end of one of the enclosed sections 

and the test is run for 5 minutes.  Time spent in open segments and number of entries into 

open segments are used as measures of anxiety-like behavior. What was used for loco 

activity? 

Successive Alleys Test 

The successive alleys test is a relatively novel assay that may offer some advantages over 

traditional tests of anxiety-like behavior like the elevated plus maze and zero maze.  The 

apparatus consisted of four continuous segments which increase in their anxiogenic 

properties.  Each segment was 45 cm in length.  The first segment was black, 9.0 cm in 

width, and contained walls 29.0 cm in height; the second was dark grey, 9.0 cm in width, 

and contained walls 2.5 cm in height; the third was light grey, 6.7 cm in width, and 

contained walls 0.5 cm in height; and the final segment was white, 3.5 cm in width, and 

contains walls 0.3 cm in height (Deacon, 2013).  In this way, each segment was brighter 

and thinner than the last and likely to be perceived as more anxiogenic aversive to the 

rats.  This design provides a gradient of anxiogenesis, as opposed to the binary choice 

offered in traditional assays (closed vs. open in EPM and Zero Maze, center vs. margins 

in OFT).  The lack of a junction is also benefit of this test.   Total distance traveled was 

used as a measure of locomotor activity.  Time spent in each segment, number of entries 

to each segment, and latency to each of the lighter segments (dark grey, light grey, and 

white) were used as measures of anxiety-like behavior.   
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Statistical Analysis 

Within individual assays, two-tailed unpaired Student’s t-tests were used to evaluate sex 

differences.  In order to evaluate correlations among measures of anxiety-like behavior 

among different assays, Pearson’s Product Moment correlations were calculated.  A 

Bonferroni correction was performed in order to correct for the large number of 

comparisons.  The minimal level of significance was set as p< 0.05 for all analyses. All 

data were expressed as mean ± SEM. 

 

RESULTS 

Characterization of the Successive Alleys Test 

We first sought to examine sex differences in the SAT as, to our knowledge, no studies 

have compared the behavior of male and female rats in this assay. We used total distance 

traveled as a measure of locomotion; females showed greater locomotor activity than 

males (Fig. 1b; t(30)=4.85, p<0.001).  We then examined time in the different zones as a 

measure anxiety-like behavior, hypothesizing that time spent in each zone would reflect  

the relative anxiogenicity of each zone, with most time being spent in the black and dark 

grey areas and less in the light grey and white areas.  There was a main effect of zones 

(F(3,120)=133.397, p<0.001) and an interaction between zone and sex (Fig. 1a; F(3, 

120)=25.275; p<0.001).  Post-hoc tests revealed that males spent significantly more time 

in the black zone (p<0.001) while females spent more time in the light grey (p=0.035) 

and white zones (p<0.001).  There was no difference in the time spent in the dark grey 

zone (p=0.624).  In addition, when comparing time spent in the black zone with time 

spent in all open zones combined, there was a main effect of zone (F(1, 60)=7.807, 
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p=0.007) and a sex X zone interaction (Fig. 1c; F(1,60)=41.990, p<0.001), with females 

spending more time in the open zones (p=0.012) and males spending more time in the 

black zone (p<0.001).   

Another measure of anxiety-like behavior on this assay is latency to egress to the lighter 

zones.  While there was a main effect of zone (F(2,90)=17.827, p<0.001), there was no 

main effect of sex (F(1,90)=0.435, p=0.511) and no sex X zone interaction (F(2, 

90)=0.276, p=0.759)(Data not shown).  Head dip frequency can also be used to assess 

anxiety-like behavior, with fewer head dips indicating increased anxiogenecity.  There 

was a main effect of zone (F(2,90)=18.861, p<0.001) and a main effect of sex 

(F(1,90)=19.068, p<0.001).  There was also a significant sex X zone interaction (Fig. 1d; 

F(2, 90)=4.891, p=0.01), with females making more head dips in the white zone 

(p<=0.001). 

Females show decreased anxiety-like behavior in some, but not all, assays 

Since many studies have demonstrated behavioral and physiological differences in the 

way anxiety measures manifest and men and women, we decided to identify any potential 

sex differences in naïve rats on three other common behavioral assays of anxiety-like 

behavior.  In the OFT, there was a main effect of time bin (F(5,180)=93.812, p<0.001) 

and a main effect of sex (Fig. 2a; F(1,180)=36.963, p<0.001), with females showing 

greater locomotion than males, as measured by total distance traveled.  We then used 

time spent in the center as an indication of anxiety-like behavior; while there was an 

effect of time bin (F(5,180)=5.209, p<0.001), there was no main effect of sex 

(F(1,180)=0.651, p=0.421) and no sex X time bin interaction (Fig. 2b; F(5,180)=0.702, 

p=0.622).   
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In the EPM, we used number of closed arm entries as a measure of locomotion and 

number of open arm entries and time spent in open arms as measures of anxiety-like 

behavior.  There was no difference in locomotor activity, as measured by closed arm 

entries (Fig. 2c; t(30)=0.74, p=0.46).  Similarly to OFT, there were also no differences in 

anxiety-like behavior as indicated by open arm entries (t(30)=0.17, p=0.86)(Data not 

shown) or time in open arms (Fig. 2d; t(30)=0.02, p=0.99).   

The EZM produced very different results, showing striking sex differences.  Females 

showed greater locomotion overall with more distance traveled (Fig. 2f; t(30)=4.21, 

p<0.001) and more closed arm entries (t(30)=4.67, p<0.001).  Further, the EZM also 

revealed sex differences in anxiety-like behavior.  Females made more entries into open 

arms (t(30)=4.63, p<0.001) and spent more time in the open arms (Fig. 2e; t(30)=2.64, 

p=0.013).   

Anxiety-like measures do not correlate among assays 

In order to investigate whether these assays are representative of the same components of 

anxiety-like behavior, we ran correlational linear regression analyses on “open area” 

measures across the four tests.  We compared measures of anxiety-like behavior on each 

of the assays with time spent in the white zone of the SAT, as this zone was the most 

anxiogenic and most comparable to the open arms/center location of the other tests.  

There was no significant correlation between SAT time in white zone and OFT time in 

center in either males (Fig. 3a; r2=0.0193, p=0.608) or females (r2=0.0207, p=0.595).  For 

the EPM, there was no significant correlation between time in open arms and SAT time 

in white zone in males (Fig. 3b; r2=0.0627, p=0.3496) or females (r2=0.2238, p=0.0642), 

although a strong trend was noted in the latter group.  Finally, there was a trend for a 
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correlation between EZM time in open arms and SAT time in white zone in males (Fig. 

3c; r2=0.2237, p=0.0643) and no correlation in females (r2=0.0208, p=0.594).  Notably, 

several correlations of similar measures among the more common assays were also not 

significant (Table 1).  While EZM and EPM are often used interchangeably, open arm 

time did not correlated between these two tests in either males (p=0.0755) or females 

(p=0.0166; α=0.005). 

 

DISCUSSION 

Approximately 30% of adults in the United States have experienced an anxiety disorder 

at some point in their lifetime (NIMH).  The definition of anxiety disorders, or more 

generally negative affective disorders, is broad and includes many specific illnesses, 

including post-traumatic stress disorder, obsessive compulsive disorder, and panic 

disorder, among others.  Due to the wide spectrum of symptoms and factors that make up 

these disorders, it is important to be able to parse apart and identify individual factors that 

contribute to negative affect or emotionality (Morris, Davis, & Hutchings, 1981).  When 

using animal models of anxiety disorders, this issue becomes increasingly difficult.  

Current assays used to evaluate anxiety-like behaviors in rodents employ measures that 

are sensitive to drugs that modulate anxiety in humans.  However, it remains unclear 

which elements of this complex emotion are being assayed in each test or even if these 

measures are comparable across tests . The goal of this study was to compare anxiety-like 

behavioral assays to determine if these anxiety-like measures correlated among tests and 

to highlight any potential basal sex differences within and between each assay.  
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The current study compared three commonly-used assays that measure anxiety-like 

behavior in rodents and a relatively new behavioral assay, the Successive Alleys Test 

(SAT).  Since the SAT is less commonly used, , we first sought to characterize this assay 

in both male and female rats.  Female rodents spent more time in the open zones of the 

SAT, particularly the light grey and white zones, while males spent more time in the 

black zone.  Since the light grey and white zones are more anxiogenic than the enclosed 

black zone, one can conclude that males exhibited increased anxiety-like behavior on the 

SAT compared to females.  The SAT also offers additional measurements of anxiety-like 

behavior.  Head dip frequency can be used as an indicator of anxiety, with increased head 

dip frequency correlating with decreased anxiety-like behavior.  Female rats had a higher 

frequency of head dips overall, in the light grey zone, and in the dark grey zone.  There 

was no difference in head dips in the dark grey zone.  These data support the results from 

time spent in the SAT zones – female rats exhibit decreased anxiety-like behavior 

compared to male rats on the SAT.  On the other hand, latency to zones – a third measure 

of anxiety like behavior on the SAT – did not correlate with the previous two measures.  

Keeping with the results of head dip frequency and time spent in zones, we would have 

expected to see a decreased latency to each zone in females compared to males.  

Surprisingly, there was no difference in latency to any of the lighter zones.   

Looking at sex differences among the different assays allows us a means of comparison.  

It is important to note that when sex differences appear in an assay, they can be indicative 

of either a true difference in behavior between sexes or there could be sex differences in 

the way the test is assessing said behavior.  For example, an apparent sex difference in an 

assay of anxiety-like behavior could in fact indicate a difference in the perceived 
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anxiogenicity of the test between the sexes or it could instead represent differentially 

evolved behavioral strategies of males and females to the same anxiogenic stimulus 

(Shansky, 2018).  Further, if sex differences are identified in some, but not all, of the 

behavioral assays, it can be assumed that they are not necessarily measuring the same 

aspects of anxiety-like behavior.  Research has shown that anxiety-like behaviors may 

manifest differently in male and female rodents.  For example, a factor analysis revealed 

that the EPM may predominantly measure anxiety-like behavior in male rats but that it 

may be more indicative of general locomotor activity in females (Fernandes, González, 

Wilson, & File, 1999).  Consistent with this theory, our results showed increased 

locomotor activity in females across three of the four behavioral assays that were run.  

These results are consisted with previous literature showing increased locomotion in 

females, albeit in different strains (Burke et al., 2016; Hyde & Jerussi, 1983). Female rats 

traveled more total distance in the OFT, EPM, and SAT and made more entries into 

closed arms in the EZM.  Interestingly, this finding did not carry over to the EPM, which 

is one of the most commonly used behavioral assays.   

In addition, there were no sex differences identified in measures of anxiety-like behavior 

on the EPM.  Similar measures of anxiety-like behavior were more variable among the 

assays as no difference in open arm time or open arm entries were observed between 

males and females.  Similarly, in the OFT, time spent in the center zone (the only 

measure of anxiety-like behavior), did not show any sex differences.   

In marked contrast, there were striking sex differences in anxiety-measures observed in 

the EPM.  In this assay, females spent more time in the open arms and made more entries 
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into the open arms.  These sexually dimorphic differences in anxiety measures were 

similar to those observed in the SAT.   

 If all of the behavioral assays were measuring the same components of anxiety-like 

behavior, as is typically assumed, we would expect to see consistent sex differences 

among the tests.  We identified similar measures across each assay that we most expected 

to assess the same component of anxiety–like behavior (i.e. time in open arms, time in 

center, time in open zones) and anticipated that these measures would correlate between 

the assays.  However, this was not the case.  The disparity among these assays suggests 

that some assays are measuring different factors of “anxiety” in rodents, with the 

possibility that all of the tests are measuring completely different components.  While we 

are unable to identify the individual factors represented by each assay, the results support 

the multidimensionality of anxiety disorders as seen in humans.   

Although more characterization of the assay needs to be done, the incongruency of the 

individual measurements within the SAT supports its validity as an assay of anxiety-like 

behavior.  Since anxiety disorders are extremely complex and composed of varying 

components, the SAT may be a more representative assay.  If the different measures are 

not producing identical results within the test, the SAT may be measuring multiple 

factors of anxiety-like behavior within one assay.  Although it cannot measure and 

identify all factors of anxiety-like behavior, the SAT may serve to be a useful tool in 

better characterizing different components of anxiety in rodent models.  In addition, the 

lack of observed sex differences in the anxiety-like measures of the SAT suggest that the 

assay may be beneficial when comparing differences in males and females after 

additional manipulations which may affect anxiety-like behavior. 



47 
 

Anxiety disorders are still not very well understood in humans and are especially difficult 

to recreate in animal models.  Refining techniques and improving our ability to identify 

and evaluate specific components of anxiety-like behavior in rodents would provide 

significant insight to the nature of anxiety disorders.  Further research should continue to 

compare measurements among the different assays used in animal research and 

characterize the effects of anxiolytic and anxiogenic drugs on each of these assays.  In the 

meantime, it is important to understand the limitations of current assays when 

interpreting anxiety-like behavior in rodents and refrain from generalizing anxiety-like 

behavior across the different assays used.  Since similar measures on these assays appear 

to shown show little to know few correlation between tests, it is likely that these assays 

are measuring different components of anxiety-like behavior.  Further, even within 

assays, different measures could be indicative of separate dimensions of this behavior.  

The lack of congruency between assays demonstrated in this study highlights the 

necessity of using multiple measures of anxiety-like behavior in order to best encapsulate 

and represent this complex emotion- \like behavior in rodents.  
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Figure 1. Females show greater locomotor activity and decreased anxiety-like behavior 

in the successive alleys test. (a) Male rats spend more time in the black zone.  Female rats 

spend more time in the light grey zone, the white zone, and in all open zones combined.  

There was no difference in time spent in the dark grey zone. (b) Females exhibit greater 

locomotor activity than males as measured by total distance. (c) Males spend more time 

in the black zone than in all open zones. (d) Females make more head dips overall and 

particularly in the white zone. 
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Figure 2. Sex differences emerge in some, but not all, anxiety-like assays. In the OFT, (a) 

females exhibited greater locomotor activity in the OFT, as measured by total distance 

traveled. (b) There was no difference in time spent in center between males and females.  

In the EPM, there was no difference between males and females in (c) locomotor activity 

as measured by closed arm entries or (d) anxiety-like behavior as measured by time spent 

in open arms.  In the Zero Maze, female rodents demonstrated (e) increased locomotor 

activity compared to males, as measured by total distance traveled and (f) showed less 

anxiety-like behavior as indicated by increased time spent in open arms. 
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Figure 3.  Measures of anxiety-like behavior do not correlate among assays.  Time spent 

in all open arms of the successive alleys tests does not correlate with measures of 

anxiety-like behavior in the other assays including (a) time in center in the open field test, 

(b) time in open arms in elevated plus maze, and (c) time in open arms in zero maze. 
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Table 1.  Correlations between assays of anxiety-like behavior in male and female Long Evans rats. 

 

 

 

 

  

Females          

  
Open Field Test 

Center Time 
Elevated Plus Maze 

Time in Open 
Zero Maze 

Time in Open 
Successive Alleys Test 

Time in White 
Successive Alleys Test 

Time in All Open 

 
OFT Center Time –– 

    

  

     

EPM  Time in Open -0.0110 –– 
   

  
p=0.968 

    

Zero Maze Time in Open 0.149 0.588 –– 
  

  
p=0.582 p=0.0166 

   

SAT  Time in White 0.302 0.333 0.204 –– 
 

  
p=0.256 p=0.207 p=0.449 

  

SAT  Time in All Open 0.144 0.473 0.144 0.883** –– 

  
p=0.595 p=0.0642 p=0.594 P<0.001 

 

Males 
          

 
OFT Center Time –– 

    

  

     

EPM  Time in Open -0.147 –– 
   

  
p=0.587 

    

Zero Maze Time in Open 0.101 0.457 –– 
  

  
p=0.711 p=0.0755 

   

SAT  Time in White -0.117 0.439 0.708* –– 
 

  
p=0.667 p=0.0890 p=0.002 

  

SAT  Time in All Open 0.139 0.250 0.473 0.543 –– 

  
p=0.608 p=0.350 p=0.0643 p=0.0299 

 

 *p<0.005, **p<0.001, Bonferroni correction – α=0.005 
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CHAPTER THREE 

Characterizing the valence of amygdalar circuits within the context of anxiety-like and 

drinking behaviors in male Long Evans rats 

Allie Baldassaro, Sarah Ewin, Christina Dyson, and Jeffrey Weiner 

 

ABSTRACT 

Alcohol use disorder (AUD) and anxiety disorders are highly comorbid pathologies 

which undoubtedly share similar underlying neural mechanisms, although they are yet to 

be well established and understood.  One new line of thinking that has recently emerged 

is to view these disorders as disturbances in proper valence processing or encoding.  Both 

negative affective disorders and AUD are frequently associated with dysregulation or 

atypical activity in the amygdala, which has been suggested to have a role in valence 

encoding.  This study seeks to characterize two specific circuits within the amygdala to 

determine their effects on valence within the context of anxiety-like and drinking 

behaviors in rodents.  While there was seemingly no effect of either circuit on drinking 

behaviors, inhibition of the pBLAmCeA circuit produced contradicting effects on 

anxiety-like behavior among different assays.  While these results are anything but 

cohesive, they stress the importance of continued research on different BLA 

subpopulations and alternative circuitries in order to better understand the role of the 

amygdala in valence processing and encoding. 
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SIGNIFICANCE STATEMENT 

Understanding the neural mechanisms involved in the processing and encoding of 

valence is imperative for gaining a better understanding of the pathology of alcohol use 

disorder and negative affective disorders.  It has long been known that both the 

basolateral and central nuclei of the amygdala are key regions underlying this 

comorbidity, yet the exact circuitries and their contributions remain poorly understood.  

As such, research such as the current study, focusing on the contributions of these 

individual pathways on valence in the contest of anxiety and alcohol drinking behaviors 

will help to inform and develop new therapeutics for these disorders.   
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INTRODUCTION 

Alcohol Use Disorder (AUD) is a chronic relapsing brain disorder characterized by 

excessive, compulsive alcohol consumption and increased negative affect.  As such, 

AUD is often highly comorbid with anxiety disorders and other negative affective 

disorders.  While the neural mechanisms underlying this comorbidity is still poorly 

understood, certain brain regions have been frequently implicated in the pathologies 

underlying both disorders.  One such region is the basolateral amygdala (BLA).  This 

brain region has often been implicated in mediating both anxiety and drinking behaviors.  

One of its main downstream targets is the central amygdala, which has also been shown 

to play a role in behaviors such as fear conditioned learning and self-administration of 

ethanol.  Since the BLA is the primary input to the amygdala and the CeA is the major 

output, this circuity is of particular interest.   

Recent evidence has emerged to suggest that the BLA – and therefore, circuits originating 

from the region – may be involved in valence processing and encoding (Wang et al., 

2018).  While the BLA is traditionally thought to contribute solely to the processing of 

negative and anxiolytic emotions, these new studies hint that this may only be a small 

portion of the role of the BLA.   Valence is a representation of the positive or negative 

qualities of an experience, sensation, or substance.  This could manifest as a range of 

different qualities.  For example, tastants with sweet qualities may invoke a positive 

valence while bitter tastants may invoke a negative valence.  Similarly unpleasant 

emotions such as anxiety, stress, or sadness would be negatively valenced whereas more 

pleasant emotions like happiness would be positively valenced.  This new research may 
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implicate the BLA in the involvement of mediating and processing both ends of the 

spectrum of valence.   

Canonically, activation of the BLA or the CeA has been associated with increases in 

anxiety and alcohol consumption, suggesting that these regions are negatively valenced.  

The same holds true for the projection from the BLA to the CeA (Beyeler et al., 2016).  

However, recent literature suggests that this may not be the case.  Both the BLA and the 

CeA have been shown to exhibit increased activation after exposure to fear conditioning 

in mice.  Interestingly, optogenetic stimulation of BLA terminals in the CeA has been 

shown to inhibit anxiety-like behavior and activation of BLA to CeA circuits have been 

shown to both increase and decrease appetitive behaviors (Tovote, Fadok, & Lüthi, 2015; 

Tye et al., 2011a).  The inconsistency of the literature makes this circuitry of particular 

interest.   

The discourse surrounding the role of the BLA has only become more complicated.  One 

lab recently identified two mostly distinct populations of BLA projecting neurons, 

containing either the Rspo2 or Ppp1r1b protein (Kim, Pignatelli, Xu, Itohara, & 

Tonegawa, 2016).  The neurons containing these proteins seem to fall on an anterior-

posterior gradient throughout the BLA and encode for opposing valence, with anterior, 

Rspo2-containing projection neurons encoding for negative valence and posterior, 

Ppp1r1b-containing projection neurons encoding for positive valence.  Further, the 

medial aspect of the central amygdala (mCeA) – the primary output of the CeA – 

primarily receives projections from the posterior BLA projection neurons.   

However, other leading researchers in the field suggest that the distribution of valence 

encoding throughout the BLA may not be as straightforward as an axial gradient.  In one 
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recent study, retrograde tracers were injected into various regions of interest, including 

the CeA, and the distribution of projecting neurons in the BLA was examined (Beyeler et 

al., 2016).  The results of this study showed that the distribution of these projection 

neurons may be more sporadic than an anterior-posterior gradient.  However, a previous 

paper from the same lab showed that activation of the BLA to CeA circuit – in this case, 

targeting the BLA as a whole – resulted in anxiolysis, which is opposite of what we 

would traditionally expect from this pathway (Tye et al., 2011b).  These results support 

the existence of a positively valenced BLA to CeA circuit.   

That being said, these previous studies were all conducted in inbred lines of mice.  As 

such, similar studies should be conducted in outbred rat strains to determine if these 

behavioral effects hold up.  Before embarking on this course of experiments, it was 

necessary to make sure that the CeA was in fact receiving projections from both the 

anterior and posterior BLA in the rat brain.  Our lab conducted a cursory, preliminary 

study using Retrobeads (LumaFluor Inc., Durham, NC) to determine the origin of 

projections into the CeA.  Previous studies have used Retrobeads in both rats and mice in 

order to successfully determine the anatomy of specific projections and circuits (Flavell, 

Cerminara, Apps, & Lumb, 2014; Zhang et al., 2019).  Briefly, we bilaterally surgically 

injected 0.5 mL of fluorescent red Retrobeads into the mCeA, waited 5-6 weeks, and 

imaged sections throughout the anterior-posterior gradient of the BLA.  As shown in 

Figure 1, Retrobeads inected into the mCeA were sown to have transported in a 

retrograde fashion to both the anterior (Fig. 1A) and posterior BLA (Fig. 1B).   

With confirmation that both the anterior and posterior regions of the BLA send projection 

neurons to the medial CeA, functional studies can now be conducted.  The goal of the 
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current study was to determine if there are differential behavioral effects of posterior and 

anterior projections from BLA to medial CeA.  Chemogenetic approaches were used to 

determine if inhibition of these circuitries resulted in differences in anxiety-like behavior 

and/or alcohol consumption in rodents.  Based on the aforementioned previous literature, 

we hypothesized that inhibition of the pBLAmCeA circuit would result in anxiogenesis 

and increased ethanol consumption while inhibition of the aBLAmCeA circuit would 

result in anxiolysis and decreased ethanol intake.   

 

METHODS 

Animals 

All experiments were conducted in accordance with the guidelines set forth by the 

National Institutes of Health Guide for the Care and Use of Laboratory Animals, and 

were approved by the Wake Forest University Institutional Animal Care and Use 

Committee.  Fifteen young male Long-Evans rats (Harlan, Indianapolis, IN) were 

obtained weighing approximately 250 g and were individually housed in standard 

polypropylene shoebox cages. Subjects were maintained on a 12-hour light/dark schedule 

(lights on at 6 am) with ad lib access to rodent chow and water. Each experimental group 

contained 3-4 rats. 

Viral Vectors and Drugs 

Animals in both behavioral groups underwent surgery to bilaterally inject the  AAV5-

CaMKIIa-hM4D(Gi)-mCherry (Gi-DREADD; Addgene, Watertown, MA) into either the 

anterior or posterior basolateral amygdala (aBLA or pBLA, respectively).  Clozapine-N-
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oxide (CNO; Tocris Bioscience), the DREADD ligand, or artificial cerebral spinal fluid 

(aCSF; Tocris Bioscience) was bilaterally microinjected into the central amygdala.  

Surgeries 

Animals were anesthetized with sodium pentobarbital (50mg/kg, intraperitoneally) and 

placed into a rodent stereotax.  Upon exposure of the skull, the virus (Gi-DREADD) was 

bilaterally injected into either the aBLA or the pBLA (aBLA coordinates: anteroposterior 

-1.92mm from bregma; mediolateral +5.0mm and ventral from the top of the brain -

7.2mm; pBLA coordinates: anteroposterior -3.4mm from bregma; mediolateral +5.0mm 

and ventral from the top of the brain -7.6mm).  Following this, stainless-steel guide 

cannulas (15mm, 26 gauge) were implanted to terminate 1mm above the CeA 

(coordinates: anteroposterior -2.4mm from bregma; mediolateral +4.0mm and ventral 

from the top of the brain -7.4mm).  Stainless-steel screws and dental cement were used to 

attach the guide cannulas to the skull.  The virus was allowed to incubate for 4 weeks 

prior to any microinjections.  

Microinjection Procedures 

Following surgery, animals were placed in a small plastic container and restrained by 

hand while obturators were removed to acclimate them to future microinjections.  On 

microinjection days, obturators were removed and injectors were inserted.  The injector 

extended 1mm beyond the end of the guide cannula and the drug solution (aCSF or CNO 

dissolved in aCSF at 10ng, 33ng or 100ng per side in a Latin Square design to control for 

the order of injections) was bilaterally infused for 1 minute (0.5 uL per side).  The 

injectors were left in place for 15-30 seconds after the infusion and then removed and 
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replaced with sterile obturators.  Five minutes after the microinjections, animals were 

placed in an operant chamber or on one of the below behavioral assays.  

Open Field Test 

For the open field test, standard locomotor activity chambers (Digiscan animal activity 

monitors, Omnitech, Columbus, OH) were used.  Rats were placed in brightly lit acrylic 

plastic chambers (42 × 42 × 30 cm) for 30 minutes.   

Elevated Plus Maze 

In this assay, rats are placed in a standard elevated plus maze (Med Associates, St. 

Albans, VT).  The apparatus consists of four arms – two closed and two open, each arm 

measuring 10.2 cm wide by 50.8 cm long – that meet at a junction in the center.  The rat 

is placed at the junction, facing an open arm but able to see both closed arms as well, and 

the assay is run for 5 minutes.   

Novelty Suppressed Feeding Task 

The novelty suppressed feeding apparatus consists of a large, clear, extremely brightly-lit 

open box with a single food pellet placed in the center.  Rats are food deprived for 22 

hours preceding the task.  At the start of the task, rats are places in a corner of the box 

and their behavior is monitored and recorded for 10 minutes.   

Successive Alleys Test 

The successive alleys test consists of four continuous segments which increase in their 

anxiogenic properties.  Each segment is 45 cm in length.  The first segment is black, 9.0 

cm in width, and contains walls 29.0 cm in height; the second is dark grey, 9.0 cm in 

width, and contains walls 2.5 cm in height; the third is light grey, 6.7 cm in width, and 
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contains walls 0.5 cm in height; and the final segment is white, 3.5 cm in width, and 

contains walls 0.3 cm in height (Deacon, 2013).   

Intermittent Access Two Bottle Choice Paradigm 

Rats received access in their home cages to two bottles – one containing water and the 

other containing 10% ethanol (v/v) 24 hours a day, three days a week (Chappell, Carter, 

McCool, & Weiner, 2013).  During the other four days each week – approximately every 

other day – rats were instead provided access to two identical bottles containing water.  

Measurements of the amount drunk were collected at the 30 minute and 24 hour marks on 

each of the drinking days.   

Statistical Analyses 

Statistical analysis was performed in SigmaPlot version 14.0. Data were analyzed using 

two-tailed t-tests, two-way ANOVAs, and two-way repeated measures ANOVAs. When 

there was a significant interaction, main effect, or an a priori hypothesis, Holm-Sidak 

post hoc analysis was used. The minimal level of significance was set as p< 0.05 for all 

analyses. All data were expressed as mean ± SEM. 

 

RESULTS 

Chemogenetic inhibition of neither aBLA nor pBLA projections to the mCEA produce any 

differences in the open field test 

Rats were run through the open field test, a common assay used to assess both locomotor 

activity and anxiety-like behavior.  In rats that received DREADD injections into the 
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anterior aspect of the BLA, there was no main effect of treatment (CNO vs. aCSF 

administration) on locomotion, as measured by total distance traveled (Fig. 2A; 

F(1,41)=0.00754, p=0.934), and no interaction of treatment X time bin (F(5,41)=0.299, 

p=0.909).  There was a main effect of time bin (F(5,41)=26.579, p<0.001), where total 

distance traveled decreased as time went on, which is a common occurrence in OFT.  In 

this group, there was also no main effect of treatment (F(1,41)=0.431, p=0.540) or time 

bin (F(5,41)=0.904, p=0.494) on anxiety-like behavior, as indicated by time spent in the 

center region (Fig. 2C).  There was also no effect of treatment X time bin interaction 

(F(5,41)=2.556, p=0.053).  Similarly, in the group of rats that received the DREADD 

virus in the pBLA, there was a main effect of time bin (Fig. 2B; F(5,47)=71.956, 

p<0.001) but no main effect of treatment (F(1,47)=0.00729, p=0.935) and no effect of a 

treatment X time bin interaction (F(5,47)=0.941, p=0.469) on locomotion.  Further, there 

was no main effect of treatment (Fig. 2D; F(1.47)=1.710, p=0.239), time bin 

(F(5,47)=2.741, p=0.037), or treatment X time bin interaction (F(5,47)=0.224, p=0.949)  

on anxiety-like behavior.   

Rats show trends toward decreased anxiety-like behavior in the elevated plus maze upon 

chemogenetic inhibition of the pBLAmCeA circuit 

Rats were placed in the elevated plus maze and their activity – including distance traveled 

and time spent and entries made into open and closed arms – was monitored for 5 

minutes.  Rats that had the inhibitory DREADD in the aBLA and received microinfusions 

of CNO into the mCEA showed trends toward decreased locomotor activity – as 

measured by number of entries into the closed arms – compared to rats that received 

aCSF infusions (Fig. 3A; t(5)=1.715, p=0.147).  However, these same rats did not show 
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any differences in anxiety-like behavior – as indicated by time spent in open arms (Fig. 

3C; t(5)= -0.690, p=0.521) or number of entries into open arms (Fig. 3E; t(5)=0.282, 

p=0.789) – compared to rats that received aCSF microinfusions.  Similarly to inhibition 

of the aBLAmCeA circuit, chemogenetic inhibition of the pBLAmCeA circuit 

resulted in a trend towards decreased locomotor activity in the EPM, as indicated by 

decreased number of entries into the closed arms (Fig. 3B; t(5)=1.481, p=0.189).  

However, inhibition of the pBLAmCeA circuit also produced a trend towards 

decreased anxiety-like behavior as indicated by increased time spent in open arms (Fig. 

3D; t(5)= -1.599, p=0.161), but no differences in anxiety-like behavior as measured by 

number of entries into open arms (Fig. 3F; t(5)=-0.471, p=0.654).   

Chemogenetic inhibition of pBLAmCeA projections produced significant decreases in 

anxiety-like behavior on the successive alleys test 

Chemogenetic inhibition of aBLAmCeA projections produced no differences in 

locomotor activity, as measured by total distance traveled (Fig. 4A; t(4)=0.489, p=0.650), 

or anxiety-like behavior, as measured both by time spent in open zones (Fig. 4C).  For 

time spent in zones, there was a main effect of zone (F(3,23)=22.939, p<0.001), which is 

to be expected in the assay, but no main effect of treatment group (F(1,23)=0.00248, 

p=0.961) and no zone X treatment interaction (F(3,23)=0.247, p=0.863).  Further, there 

was no difference in anxiety-like behavior as indicated by latency to the white zone (Fig. 

4E; t(4) = 0.151, p=0.887), when comparing rats that received CNO and aCSF 

microinfusions.  On the other hand, rats that received chemogenetic inhibition of the 

pBLAmCeA circuit via microinfusions of CNO demonstrated a trend toward increased 

locomotor activity in the SAT, as indicated by increased total distance traveled (Fig. 4B; 
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t(6)= -1.969, p=0.0965).  In addition, while there was no main effect of treatment on time 

spent in zones (F(1,31)=0.000647, p=0.980), there was a main effect of zone 

(F(3,31)=151.322, p<0.001) and an interaction between zone and treatment 

(F(3,31)=7.367, p=0.001), suggesting inhibition of pBLAmCeA projections resulted in 

a decrease in anxiety-like behavior based on time spent in zones (Fig. 4D).  Hol-Sidak 

post-hoc analyses revealed that rats that received CNO spent less time in the black zone 

(t(6)=4.041, p<0.001) and showed trends towards increased time spent in the dark gray 

(t(6)=1.771, p=0.089) the light gray zone (t(6)=1.408, p=0.172) compared to rats that 

received aCSF infusions.  There was no difference in time spent in the white zone 

(t(6)=0.811, p=0.425).  Further, inhibition of the pBLAmCeA circuit led to a 

significant decrease in anxiety-like behavior, as indicated by a decreased latency to the 

white zone (Fig. 4F; t(6)=3.161, p=0.0196).   

Inhibition of pBLAmCeA projections led to a significant increase in anxiety-like 

behavior in the novelty suppressed feeding task 

Chemogenetic inhibition of the aBLAmCeA circuit produced no differences in 

anxiety-like behavior in the novelty suppressed feeding task, as measured by time spent 

in the center region (Fig. 5A; t(5)= -0.621, p=0.562) or latency to approach the pellet 

(Fig. 5C; t(5)=1.362, p=0.231), when comparing rats that received CNO and aCSF 

microinfusions.  However, inhibition of the pBLAmCeA circuit led to an increase in 

anxiety-like behavior in the NSF, as indicated by decreased time in the center region in 

rats that received CNO infusions (Fig. 5B; t(6)=2.923, p=0.0265).  Inhibition of the 

pBLAmCeA projections produced no difference in anxiety-like behavior as measured 

by latency to approach the pellet in the NSF (Fig. 5D; t(6)= -1.748, p=0.131).   
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Inhibition of aBLAmCeA or pBLAmCeA circuits produced no difference in voluntary 

ethanol consumption 

For the intermittent access two bottle choice paradigm, rats received access to water and 

ethanol for 24 hours at a time every Monday, Wednesday, and Friday, with only water 

available on the other days; ethanol intake (g/kg) and % preference for the ethanol 

solution were measured 30 minutes and 24 hours into access.  At the 30 minute mark, 

there was no main effect of group (anterior vs. posterior; F(1,26)=0.00164, p=0.968) or 

treatment (aCSF vs. CNO; F(1,26)=0.186, p=0.269) and no effect of group X treatment 

interaction (F(1,26)=1.356, p=0.269) on ethanol intake (Fig. 6A).  Similarly, there was 

also no main effect of group (Fig. 6C; F(1,25)=0.345, p=0.567), treatment 

(F(1,25)=0.00606. p=0.939), or group X treatment interaction (F(1,25)=0.0480, p=0.831) 

on preference for ethanol over water at this time point.  After 24 hours of access, there 

was a trend towards an effect of group on ethanol intake (Fig. 6B; F(1,26)= 2.676, 

p=0.127), but no main effect of treatment (F(1,26)= 0.564, p=0.468) and no interaction of 

treatment X group on ethanol intake (F(1,26)= 1.199, p=0.297).  Similarly, at the same 

time point, there exists no main effect of group (F(1,25)= 1.796, p=0.205) or treatment 

(F(1,25)= 0.0217, p=0.885) on preference for ethanol, but there is a trend towards a group 

X treatment interaction (F(1,25)= 3.956, p=0.072). 

 

DISCUSSION 

It is estimated that in the United States of America alone, approximately 16.3 million 

people are affected by alcohol use disorder (Guilbert, 2003).  Certain populations, such as 
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individuals with negative affective disorders like anxiety or depression, are at increased 

risk for developing an AUD.  Individuals with an anxiety disorder are 2 to 3 times more 

likely to also develop a comorbid AUD at some point in their lifetime (Smith & Randall, 

2012).  That being said, it is imperative that we study and attempt to understand the 

neural mechanisms and circuitries underlying this comorbidity.   

The goal of the current study was to examine projections from the basolateral amdygala – 

a key region implicated in both AUD and negative affective disorders – to the central 

amygdala – a downstream target which has also been shown to be involved in both 

disorders.  Recent literature from leading labs in the field suggested that there may be an 

axial gradient encoding for valence within the BLA, with anterior regions encoding for 

negative valence and posterior regions encoding for negative valence (Kim et al., 2016).  

Another lab suggested that this axial gradient of valence may exist, but in the opposite 

direction (Wang et al., 2018).  Further, some researchers agree that different 

subpopulations within the BLA may in fact encode different valences, but argue that an 

axial gradient is too simple of an approach (Beyeler et al., 2018).  Therefore, the goal of 

this experiment was to use anxiety-like and drinking behaviors to assess the effect of 

inhibiting projections from the anterior and posterior BLA to the CeA on valence in 

rodents.   

First, rats were placed in the open field test, a common behavioral assay to measure both 

locomotor activity and anxiety-like behavior.  Inhibition of neither the anterior nor the 

posterior projections for the BLA to the mCeA resulted in any significant differences or 

trends in either locomotion or anxiety-like behavior.  Locomotion was measured by total 

distance traveled in the apparatus while anxiety-like behavior was measured by time 
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spent in the center region, with more time spent in the center indicating decreased 

anxiety-like behavior.   

Rats were also exposed to the elevated plus maze, perhaps the most commonly used 

assay to measure anxiety-like behavior in rodents.  In general, increased time spent in the 

open arms and increased entries into the open arms indicated decreased anxiety-like 

behavior.  For the rats that received the DREADD injections into the anterior aspect of 

the BLA, microinfusions of CNO into the mCeA resulted in a slight trend towards a 

decrease in locomotor activity, which could be a general effect of the CNO 

administration.  However, the CNO produced no differences in anxiety-like behavior 

compared to the aCSF control.  The rats that received the DREADD into the posterior 

aspect of the BLA also demonstrated a trend towards decreased locomotion when 

administered CNO into the mCeA compared to aCSF.  Unlike the anterior group, 

however, chemogenetic inhibition of the pBLAmCeA circuits also resulted in a trend 

towards a decrease in anxiety-like behavior, as indicated by more time spent in the open 

arms of the EPM after CNO administration.  This hint towards an effect on anxiety-like 

behavior in the EPM, but not in the OFT, already suggests that possibly some, but not all, 

of these common measures may assess anxiety-like behavior that is mediated specifically 

by the pBLAmCeA circuit.   

Further, results from the successive alleys test line up with those from the elevated plus 

maze.  Inhibition of the pBLAmCeA circuit produced a slight trend towards increased 

locomotion, as indicated by increased total distance traveled and resulted in a significant 

decrease in anxiety-like behavior.  Rats that received the DREADD virus in the posterior 

aspect of the BLA spent more time in the dark gray and light gray zones and showed a 
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trend towards decreased time spent in the black zone upon administration of CNO, 

compared to aCSF controls.  In addition, these rats demonstrated a decreased latency to 

approach the white zone, also suggestion a decrease in anxiety-like behavior.  On the 

other hand, rats that has the DREADD virus injected into the anterior portion of the BLA 

showed no differences in either locomotion or anxiety-like behavior after administration 

of CNO, compared to aCSF.   

The results of the novelty suppressed feeding task differed from those of the EPM and the 

SAT.  Once again, inhibition of the aBLAmCeA circuit produced no differences in 

anxiety-like behavior when comparing rats that received CNO and aCSF.  However, for 

the rats that had the DREADD virus injected into the pBLA, administration of CNO 

resulted in decreased anxiety-like behavior in the NSF, as indicated by decreased time 

spent in the center region of the apparatus and a trend towards an increased latency to 

approach the food pellet placed in the center of the assay.  As such, inhibition of the 

pBLAmCeA circuit produced opposing effects on anxiety-like behavior in the NSF, 

when compared to results in the EPM and the SAT.   

Although slight trends emerged between anterior/posterior groups or interactions, there 

was no effect of chemogenetic inhibition of either aBLAmCeA or pBLAmCeA 

circuits on drinking behaviors.  At both the 30 minute and 24 hour access points, ethanol 

intake (g/kg) and % preference for alcohol over water remained unaffected by CNO 

administration in both the anterior and posterior groups.  It is important to note that this 

paradigm specifically measures voluntary, free-access drinking.  Therefore, while this 

particular drinking paradigm was unaffected by inhibition of these circuits, these 
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pathways may still be involved in other aspects of drinking, such as motivation or 

craving.   

The results from these individual behavioral assays and paradigms evidently do not 

combine to form a unanimous, cohesive assessment on the effects of anterior and 

posterior BLA projections to the mCeA on valence of anxiety-like and drinking 

behaviors.  As such, these results do not necessarily support or oppose any of the 

proposed working hypotheses on valence in the BLA.  While the goal at hand was to 

perform a comprehensive assessment of anxiety-like behaviors within this context, this 

attempt may be the cause for some of the incongruence.  As our lab has shown, 

commonly-used measures of anxiety-like behavior do not necessarily measure identical 

components or factors of such behavior.  Since anxiety is such a multi-faceted construct, 

it is highly unlikely, that one assay can assess all such facets or that all assays are 

measuring the same component.  Therefore, it is not unlikely that inhibition of a 

particular circuit could produce results in opposing directions among these assays. 

In addition, it is important to keep in mind that this study was very preliminary and that 

each experimental group only contained a small number of rats (3-4).  As such, the 

significant differences that were seen in the successive alleys test and the novelty 

suppressed feeding task were evidently strong effects.  That being said, if the sample size 

of these groups were to be increased, it is entirely possible that different trends or 

significant differences could emerge.  This study demonstrates the importance of 

continued research on these circuits, using both the tools utilized in this study and 

additional behavioral and drinking approaches, in order to gain a more comprehensive 

understanding of how valence is processed and encoded in the BLA.  Further, it may be 
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necessary for future studies to investigate different sorts of subpopulations of BLA 

projection neurons.  For example, one recent study suggests that CCK-containing vs. 

non-CCK-containing neurons may be two interesting and distinct subpopulations within 

the BLA (Shen et al., 2019).  Either way, it is evident that there is still no clear consensus 

on the distribution of valence encoding neurons within the BLA.  As such, it is of the 

utmost importance for the field to strive to gain a better understanding of this concept so 

that it may be utilized to develop possible interventions and therapies for the treatment of 

alcohol use disorder and anxiety disorders.   
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Figure 1. Both the anterior BLA (aBLA) and the posterior BLA (pBLA) send projections 

to the medial CeA. Retrobeads injected into the mCeA were retrogradely transported to 

both the (a) anterior BLA and the (b) posterior BLA, suggesting both regions send 

projections downstream to the mCeA. 
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Figure 2. Inhibition of aBLAmCeA and pBLAmCeA circuits resulted in no 

significant differences in locomotion or anxiety-like behavior in the open field test (OFT). 

Locomotion in the OFT, as measured by total distance traveled, remained unaffected by 

inhibition of either (a) anterior or (b) posterior BLA projections to the mCeA.  Similarly, 

inhibition of neither the (c) anterior nor (d) posterior BLA projections to the mCeA 

yielded effects on anxiety-like behavior, as measured by time spent in the center of the 

OFT.   
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Figure 3. Inhibition of both aBLAmCeA and pBLAmCeA circuits resulted in a trend 

towards decreased locomotor activity and inhibition of the pBLAmCeA circuit 

suggested a trend towards decreased anxiety-like behavior in the elevated plus maze 

(EPM). Chemogenetic inhibition of the (a) anterior and (b) posterior BLA via CNO 

administration produced a slight trend towards decreased locomotor activity, as measured 

by number of closed arm entries in the EPM.  Inhibition of the aBLAmCeA resulted in 

no significant differences in anxiety-like measures in the EPM, as measured by (c) time 

spent in open arms and (e) number of open arm entries.  Inhibition of the pBLAmCeA 

circuit, however, produced a trend towards a (d) decrease in anxiety-like behavior, as 

indicated by more time spent in the open arms, but (f) showed no difference in number of 

open arm entries. 
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Figure 4. Inhibition of the pBLAmCeA circuit resulted in a decrease in anxiety-like 

behavior in the successive alleys test (SAT).  Inhibition of the aBLAmCeA circuit 

produced no differences in (a) locomotion as measured by total distance traveled or 

anxiety-like behavior as measured by (c) time spent in open zones or (f) latency to the 

white zone.  However, inhibition of the pBLAmCeA circuit produces (b) a trend 

towards increased locomotor activity.  Further, this inhibition (d) significantly reduces 

anxiety-like behavior as indicated by increased time spent in the dark gray and light gray 

zones and (f) decreased latency to the white zone.   
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Figure 5. Inhibition of the pBLAmCeA circuit resulted in an increase in anxiety-like 

behavior in the novelty suppressed feeding test (NSF). Inhibition of the aBLAmCeA 

circuit produced no differences in anxiety-like behavior in the NSF, as measured by (a) 

time spent in the center region or (c) latency to approach the food pellet.  On the other 

hand, inhibition of the pBLAmCeA circuit resulted in (b) a significant increase in 

anxiety-like behavior as indicated by less time spent in the center and (d) a trend towards 

a decrease in anxiety-like behavior as indicated by an increased latency to approach the 

pellet. 
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Figure 6. Inhibition of the neither aBLA nor pBLA projections to the mCeA circuit 

resulted in any changes in drinking behaviors in an intermittent two bottle choice 

paradigm. There was no difference between groups (aCSF vs. CNO treatment and 

anterior vs. posterior) in either (a) ethanol intake or (c) % preference after 30 minute 

access to the bottles.  After 24 hours of access, rats in the anterior group showed a trend 

towards increased (c) intake and (d) % preference, but there was no effect of treatment on 

either measure.  
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CHAPTER FOUR 

General Discussion 

Alcohol Use Disorder (AUD) and negative affective disorders are debilitating mental 

illnesses that affect a large number of people, both globally and in the United States.  

AUD affects approximately 16.3 million Americans and is characterized by compulsive 

consumption of large amounts of alcohol, despite facing negative consequences 

(SAMHSA, 2015).  Negative affective disorders include both depressive disorders, such 

as major depressive disorder, and anxiety/stressor disorders, including generalized 

anxiety disorder, social anxiety disorder, and post-traumatic stress disorder among others.  

Anxiety disorders are particularly prevalent, with approximately 25% of the United States 

population experiencing at least one type of anxiety disorder at some point in their 

lifetime (Kessler et al., 1994).  Further, negative affective disorders and AUD are highly 

comorbid.  Individuals with anxiety disorders are 2 to 3 times more likely to have an 

accompanying AUD (Smith & Randall, 2012).  A comorbid anxiety disorder also predicts 

a worse prognosis for an AUD.  An individual suffering from an AUD and a comorbid 

anxiety disorder is more likely to relapse sooner than an individual without an anxiety 

disorder (Schellekens, de Jong, Buitelaar, & Verkes, 2015).  While these two classes of 

disorders often go hand in hand, there are also demographic differences in how they 

manifest within the general population.   

There exist striking sex differences in the manifestation of negative affective disorders 

and AUD.  Anxiety disorders are reported more frequently in females, while there is a 

higher reported incidence of AUD in males (Gimeno et al., 2017; Hasin, Stinson, Ogburn, 

& Grant, 2007).  Sex differences have also been identified in rodent models, with female 
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rats exhibiting a tendency to consume increased quantities of alcohol compared to male 

rats (Becker & Koob, 2016).  However, the sex differences in anxiety-like behavior are 

less cohesive (Mehta, Wang, & Redei, 2013).  This could be due in part to the variability 

among assays of anxiety-like behavior.  As anxiety is an extremely complicated construct 

made of many components that requires the use of questionnaires for diagnosis and 

assessment in humans, it is likely that the assays designed for rodents are not each able to 

capture this comprehensive measure of anxiety-like behavior.  Further, it is quite possible 

that different assays are measuring different components of this behavior.  

As such, our lab sought to compare male and female Long Evans rats on a battery of 

assays designed to measure anxiety-like behavior.  The goal of the study was to 

determine if there were sex differences in any or all of the assays and then to assess the 

correlations of like measures across the assays.  Our results contributed to the ambiguity 

regarding sex differences in rodent models of anxiety-like behavior.  In some assays, 

there were no sex differences.  In the elevated plus maze (EPM), one of the most 

commonly used assays, there were no differences between males and females in either 

locomotor or anxiety-like behaviors.  However, other assays demonstrated sex 

differences in various measures.  Females demonstrated increased locomotor activity in 

both the open field test (OFT) and the elevated zero maze and demonstrated decreased 

anxiety-like behavior in the zero maze, but not the OFT.  Similar to the zero maze, 

females exhibited increased locomotor activity and decreased anxiety-like behavior in the 

successive alleys test (SAT), an underutilized assay that aims to pull out a gradient of 

anxiety-like behavior in rodents.   
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Perhaps the most impactful component of the study was the analysis of correlations 

among assays.  We identified similar measures of anxiety-like behavior among assays 

(i.e. time in the open area/arms) and determined the correlations among these variables in 

both male and female rats. The only measures that were significantly correlated among 

assays were time in the white zone in the SAT and time in open arms in the zero maze in 

males, but not females.  None of the other measures correlated between assays in either 

males or females.  Further, when trends did emerge, they were often in opposite 

directions between sexes.  As such, the lack of correlation and cohesion among assays 

underlines the importance of including both male and female subjects in future research 

on anxiety-like behavior and of utilizing multiple assays in order to provide a more 

comprehensive assessment of anxiety-like behavior in rodents.   

This difference in manifestation of anxiety-like behaviors due to sex differences remains 

poorly understood, as do the neural mechanisms underlying the comorbidity between 

AUD and anxiety disorders.  Much research has implicated the amygdala – both the 

basolateral (BLA) and central amygdala (CeA) nuclei – in both disorders (Butler, 

Karkhanis, Jones, & Weiner, 2016; Gilpin, Herman, & Roberto, 2014).  Further, 

projection neurons in the BLA have been shown to be hyperexcitable after adolescent 

social isolation – a model of addiction vulnerability – suggesting that these regions may 

be involved in the mechanism underlying this vulnerability (Rau, Chappell, Butler, 

Ariwodola, & Weiner, 2015).  That being said, it is still unclear which specific circuitries 

to downstream targets of the BLA may be involved in anxiety-like and drinking 

behaviors.  The BLACeA pathway has been suggested to be an important circuit, but 

recent research suggests that studying all BLA projection neurons as one population may 
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not be specific enough (Zhang, LeBlanc, Kim, Tonegawa, & Muralidhar, 2017).  Due to 

evidence arguing both for and against the existence of an anterior-posterior axial gradient 

of valence encoding within the BLA, projections to the CeA from these subpopulations 

are of particular interest (Beyeler et al., 2016; Kim, Pignatelli, Xu, Itohara, & Tonegawa, 

2016).  Based on this literature, the goal of the current study was to determine the effects 

of inhibition of either the aBLAmCeA or pBLAmCeA circuits on anxiety-like and 

alcohol drinking behaviors in male Long Evans rats.  It is important to note that the 

medial aspect of the CeA was targeted as it is the primary output of the CeA.  In this 

study, chemogenetic techniques were utilized to silence either circuit and then rats were 

subjected to a battery of measures of anxiety-like behavior and an intermittent access two 

bottle choice drinking paradigm. 

In general, inhibition of the aBLAmCeA circuit produced no significant differences or 

strong trends in anxiety-like behavior.  All of the demonstrated changes occurred upon 

inhibition of the pBLAmCeA pathway.  This is of particular interest since the 

projections from the posterior aspect of the BLA were purported to encode for positive 

valence, which is opposite of the canonical role of the BLA in anxiety-like behaviors 

(Kim et al., 2016).  There was no effect of pBLAmCeA inhibition on anxiety-like 

behavior in the OFT.  However, in the EPM, imbibition of the pathway resulted in a trend 

towards a decrease in anxiety-like behavior, which may suggest a role for the pathway in 

negative valence encoding.  Similar changes were also demonstrated in the SAT, in 

which inhibition of the pBLAmCeA pathway resulted in a significant decrease in 

anxiety-like behavior, as indicated by more time spent in open, anxiogenic zones.  On the 

other hand, inhibition of this circuit resulted in a significant increase in anxiety-like 
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behavior in the novelty suppressed feeding task (NSF), as demonstrated by an increased 

latency to approach the pellet.  Therefore, the results of the NSF suggest a role for the 

pBLAmCeA circuit in positive valence encoding, as previously proposed (Kim et al., 

2016).  It is important to note that the NSF has often been used as a measure of 

motivational and anhedonic behaviors, rather than general anxiety-like behavior (Blasco-

Serra, González-Soler, Cervera-Ferri, Teruel-Martí, & Valverde-Navarro, 2017).  In this 

interpretation, these results from the NSF support previous research suggesting a role for 

BLACeA circuits in appetitive behaviors (Zhang et al., 2017).  As such, it is possible 

that these differences among assays are indicative of differing roles of the circuit within 

various components of behavior.  In addition, there was no effect of inhibition of either 

circuit on drinking behavior in the intermittent access two bottle choice paradigm.  

Together, these data suggest a limited role of the aBLAmCeA circuit in anxiety-like 

and drinking behaviors while demonstrating an intricate and complicated role of the 

pBLAmCeA pathway within anxiety-like behaviors.   

The complexity and lack of cohesion in the current studies serves to emphasize the 

importance of continued research in these areas.  Extensive future studies must be 

conducted in order to gain a better understanding of the behaviors and neural mechanisms 

involved in models of AUD and anxiety disorders.  Initially, more work needs to be done 

to understand which components of anxiety-like behavior are being assessed in individual 

tests.  This analysis should also be expanded to additional assays used to measure 

negative affective behaviors, such as the light-dark box or the forced swim test.  Another 

key study that must be conducted is determining the effect of anxiolytic and anxiogenic 

compounds on each assay.  It is important to see if anxiolytic drugs such as ethanol or 
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fluoxetine and anxiogenic compounds like yohimbine will produce the same expected 

differences on all assays.  Further, it is imperative that all of these proposed studies be 

conducted in both male and female subjects.  The current study clearly demonstrated that 

sex differences emerge at baseline in some, but not all, common measures of anxiety-like 

behavior.  It would be particularly interesting to discover if different drugs were to 

produce different or scaled effects between sexes.   

In addition, there are a multitude of additional future studies that must be conducted in 

order to understand the contribution of the aBLAmCeA and pBLAmCeA circuits to 

anxiety-like and drinking behaviors.  The current study was extremely preliminary and 

contained a very low number of subjects in each experimental group.  As such, a similar 

study should be conducted with increased subjects to determine any effects that may not 

be currently statistically significant.  In addition, it would be interesting to see how these 

circuits affect drinking behavior across different paradigms.  In particular, a study should 

be conducted looking at inhibition and/or excitation of these circuits within the context of 

an operant self-administration paradigm, which would shed light on any effects of the 

circuits on the appetitive components of alcohol drinking, in addition to the 

consummatory behaviors.  Most importantly, future studies should investigate the effects 

of adolescent social isolation on these pathways.  One might hypothesize that the 

pBLAmCeA circuit may be dampened in aSI rats.  If that were to be the case, it would 

be interesting to determine whether or not activation of this pathway could produce a 

resilient phenotype in these animals.  In any case, it is essential to determine how these 

pathways are affected after exposure to a model of early life stress.   
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In conclusion, the current studies help to shed light on different factors that may be 

contributing to differences in both drinking and anxiety-like behaviors.  It is evident that 

there exist sex differences in the manifestation of anxiety-like behaviors in rats.  Further, 

not all of the commonly-used assays which measure anxiety-like behavior may be 

modeling that same components of anxiety.  In addition, the current data contributed to 

the ever-growing literature regarding the plausible existence of an anterior-posterior 

gradient of valence processing and encoding in the BLA.  Altogether, it is the hope that 

these results will add to the knowledge of the field regarding the behavioral 

manifestations and underlying mechanisms of the comorbidity of alcohol use disorder 

and negative affective disorders.   
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the brain and consideration of careers in science within children in our community. 

Vice President, 2019 

 Continued responsibilities of Brain Awareness Week chair in addition to assisting with general 

organization and various initiatives within the Brain Awareness Council.   

Kappa Delta Sorority, Fall 2013 – Spring 2017 

Confidence Week Chair, 2016 

 Implemented a Confidence Week philanthropy initiative and coordinated activities such as concerts and 

anti-bullying workshops to promote confidence on campus and in the community. 

Vice President Community Service, 2015 

 Coordinated All Sing, the biggest philanthropy event at Rhodes each year, to raise over $5,000 for Prevent 

Child Abuse America. 

 Organized educational events for Girl Scouts from the Memphis community. 

Girl Scout Liaison, 2014 

Leadership Guild, Fall 2013 – Fall 2014 

 Discussed and conceptualized different aspects of leadership skills and implement said skills in local 

community. 

 Attended L.E.A.D. conference focusing on leadership and action in problems of social injustice. 
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Order of the Lynx, Spring 2015 – present 

 Developed and hosted a leadership conference for undergraduates and participated in other events designed 

to promote peer leadership. 
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PUBLICATIONS 

Manuscripts 

Klatzkin R.R., Baldassaro, A., Rashid, S. (2019). Physiological responses to acute stress and the drive to eat: 

The impact of perceived life stress. Appetite, 133, 393-399.  

Klatzkin R.R., Baldassaro, A., Hayden, E. (2018). The impact of chronic stress on the predictors of acute stress-

induced eating in women. Appetite, 123, 343-351. 

Baldassaro, A.D., Chappell, A.M., Weiner, J.L. (in preparation) A comparison of common measures of anxiety-

like behavior in male and female Long Evans rats.  

 

Ewin, S.E., Baldassaro, A.D., Heaney, C.F., Chappell, A.M., Raab-Graham, K.F., Weiner, J.L. (in preparation) 

DREADD inactivation of the basolateral amygdala-nucleus accumbens circuit decreases appetitive 

measures of ethanol drinking. 

Abstracts 

Klatzkin, R.R., Sumner, C., Baldassaro, A., Rashid, S. (2015). The relationship between acute stress reactivity 

and motivation for food in chronically stressed women. Psychosomatic Medicine, 78(3), A-33. The 74th 

annual meeting of the American Psychosomatic Society. 

Klatzkin, R.R., Gaffney, S., Madigan, L., Sumner, C., Baldassaro, A., Rashid, S. (2015). Obesity and binge 

eating are associated with heightened negative affect and desire to eat, but not hunger, following mental 

stress: preliminary evidence. International Behavioral Neuroscience Society. 

Baldassaro, A. & Weiner J. (2018 November) A comparison of the successive alleys test and three more 

common measures of anxiety-like behavior in male and female Long Evans rats. Poster presented at the 

49th Annual Society for Neuroscience Scientific Meeting, San Diego, CA. 

Ewin, S.E., Baldassaro, A.D., Chappell, A.M., Carter, E.S. Weiner, J.L. (2018) Chemogenetic manipulation of 

the basolateral amygdala- nucleus accumbens circuitry in a model of alcohol addiction vulnerability. 

International Society for Biomedical Research on Alcoholism, Kyoto, Japan. 

 

 


