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Abstract 

Decision-making is a critical cognitive function, often impaired by substance abuse. 

Understanding the underlying mechanisms in both human and animal models is essential for 

developing effective treatments. This thesis aims to study approach-avoid decision-making in rats 

and focuses on the impacts of oxycodone self-administration and alcohol abuse on approach-avoid 

decision-making. 

We hypothesize that oxycodone self-administration will alter decision-making in female rats, 

revealing sex differences and distinct psychometric functions, alcohol habituation will similarly 

affect decision-making in male rats. 

The study involved 23 Long Evans rats (11 males and 12 females) for decision-making behavioral 

study connecting multiple levels of rewards and costs combinations. For the oxycodone self-

administration experiment, 33 rats (5 experimental males, 5 experimental females, 11 control 

males and 12 control females) were trained in a decision-making task involving cost-benefit 

analysis, with rewards and costs signaled by sucrose concentration and LED light intensity, 

respectively. Oxycodone self-administration was conducted over 14 days, followed by a period of 

abstinence to assess changes in decision-making behavior. Another group of 45 rats (10 

experimental males, 12 experimental females, 11 control males and 12 control females)  was used 

to investigate the effects of alcohol habituation on decision-making. Behavioral features such as 

distance traveled, approach time, and stopping points were extracted and analyzed using custom 

scripts and a PostgreSQL database. 

This study provides comprehensive insights into the effects of drug abuse on decision-making, 

emphasizing the importance of sex differences and task variability. The findings underscore the 



viii 
 

relevance of animal models in studying human cognitive functions and pave the way for targeted 

therapeutic interventions. 
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A. Chapter 1: Introduction 
 

Every day, individuals face decisions that involve different levels of risk. In cognitive 

neuroscience, decision-making refers to the mental process of choosing a specific action from a 

set of options. These options vary in terms of the uncertainty surrounding potential rewards and 

losses(Zhang and Guo 2018). In our daily life decision-making is a common behavior(Glimcher 

and Fehr 2013); for an example, everyday around 200 decisions about food alone are made by us 

(Wansink and Sobal 2007). The process that enables any decisions requires various neural circuits 

that also compute individualized evaluations of rewards and costs(Glimcher and Fehr 2013). These 

evaluations are then used to determine whether a reward/cost combination is worth pursuing, 

usually shaped by the subject’s age(Orsini et al. 2023), sex(Van Den Bos, Homberg, and De Visser 

2013), and life experience. Problems with these neurobiological circuitries can result in improper 

assessments of rewards or costs, causing abnormal decision-making. Abnormal decision-making 

is also considered an indicator of transdiagnostic symptom(Endrass and Ullsperger 2021) of 

several disorders like anxiety, depression, post-traumatic stress disorder, and substance use 

disorders(Aupperle and Paulus 2010; Brady, Back, and Coffey 2004). Therefore, measuring, 

following, and evaluating decision-making is vital for recognizing psychiatric disorders. 

 

Decision-making. Decision-making is a complex cognitive process that relies on various cognitive 

functions such as perception, attention, and memory. In everyday life, individuals must make a 

series of decisions, with each decision influenced by feedback from the environment, which can 

change over time(Prezenski et al. 2017). Studies have identified several brain regions involved in 

decision-making, including the orbital and frontal cortex, prefrontal lobe, anterior cingulate cortex, 

amygdala, hippocampus, limbic system, parietal lobe, cerebellum, and midbrain(Paulus et al. 
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2003; Sanfey et al. 2006). These regions can be categorized into two functions in terms of decision-

making: "loss utility calculation" and "reward utility calculation". In different decision-making 

scenarios, individuals evaluate and differentiate between the benefits and drawbacks of a choice, 

with brain areas related to "loss" and "reward" being activated. This leads to a decision indicating 

a tendency towards or away from a certain choice. Initial studies suggest that the ventrolateral 

prefrontal cortex, orbitofrontal cortex, anterior cingulate cortex, ventral striatum, and mesolimbic 

dopaminergic system play roles in reward-based decision-making. Activation of these reward-

related brain areas occurs when an expected gain is received or a practical outcome results in a 

gain, influencing behavioral tendencies(Erk et al. 2002; Forbes et al. 2006; Knutson et al. 2001; 

Shin and Ikemoto 2010). 

The Prefrontal Cortex (PFC) and hippocampus are crucial brain regions involved in decision-

making(Saberi Moghadam, Samsami Khodadad, and Khazaeinezhad 2019). The prefrontal cortex 

(PFC) is responsible for executive functions like reasoning. The decision-making process involves 

four main steps. Initially, sensory inputs generate some initial stimuli that excite a set of 

hippocampal neurons. Subsequently, a set of secondary stimuli reaches the hippocampus, eliciting 

a stimulus-driven neural response that provides initial information for two entry stimulus sets in 

the hippocampus. In the third step, this initial information is transmitted to the PFC. The PFC then 

determines the additional information required and retrieves complementary information from the 

hippocampus(Wang 2008). In the final step, based on this processed information, the PFC makes 

the decision. Importantly, there is bidirectional communication between the PFC and hippocampus 

through neural connectivity. This neural wiring forms closed-loop neural circuits that generate a 

preferred decision(Saberi Moghadam et al. 2019). 
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Decision-making in everyday life. Decision making is relevant in everyday life. In a single day, 

an individual can make hundreds of decisions, each reliant on the balance between rewards and 

costs. In turn, balancing valuation is essential to determining whether to approach or avoid an 

offer. To appropriately evaluate an offer, one draws on their previous experiences where, for 

example, a person makes over 200 food-based decisions daily(Wansink and Sobal 2007). In turn, 

the inability to make properly informed decisions can lend itself to monumental effects when 

trying to navigate varying areas of life. 

 

Baseline decision-making and individual differences. Baseline decision-making varies across 

individuals, yet similarities across groups of people can be observed. To navigate these areas of 

life, individuals are reliant on the utilization of previous experiences(Kahneman and Tversky 

1979). A culmination of an individual’s experiences is essential to distinguish which decision-

making strategy a person may choose given a context. For example, a decision that contains a 

social context will be reliant on an individual's valuation of social contact as a high weighing 

reward, low weighing reward, or even a cost. For some, the ability to interact with their family 

socially may be a heavy reward because of their positive childhood lending them to accept this 

offer(Baumeister and Leary 1995). Or they may view this as a cost due to their negative childhood, 

lending them to avoid this offer. While these differences can vary across individuals, similarities 

in decision-making can be observed across groups of people. For example, individuals of the same 

gender, location, ethnicity, and so on, will have similar experiences. These similarities lend 

themselves to the development of distinct decision-making strategies, as seen in our study below. 

Considering this, while baseline decision-making can differ across individuals due to variance in 
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experiences and subjective values placed on rewards or cost, constrained heterogenic decision-

making strategies can still be observed across groups of people.  

 

Decision-making in neurological disorders. Abnormal decision-making is a symptom for 

neuropsychiatric disorders (Endrass and Ullsperger 2021; Goschke 2014; Moutard et al. 2012). 

Coupled with diagnosis of a neuropsychiatric disorder, another reasoning for variance in decision-

making is the induction of a state. Heavily affected by neuropsychiatric disorders, alterations in 

decision-making can be noted in PSTD, OCD, anxiety, depression, and stress(Aupperle and Paulus 

2010; Friedman et al. 2015, 2017, 2020; Gleichgerrcht et al. 2010; Goldstein Ferber et al. 2021; 

Lee 2013; Russo and Nestler 2013; Szanto et al. 2015). Not uncommonly, the impacts of these 

disorders on decision-making cause individuals to develop difficulties navigating social 

interaction, financial situations, moral obligations, or health decisions(Gleichgerrcht et al. 2010).  

 

Decision-making is context dependent.  A variety of contexts exist when making a decision, for 

example there are moral contexts, social contexts, or business/neuroeconomic contexts. To 

navigate these differing decision types, decision-making schemas are utilized to approach 

decision-making using a context specific strategy. For example, an individual may use one 

decision-making strategy when in a social context and use an alternative strategy when making 

decisions in a moral context. These decision-making schemas demonstrate constrained 

heterogeneity across groups of people(Otto et al. 2022). Furthermore, shifting decision-making 

from a baseline state to a disordered state can cause shifts in the subjective value of rewards and 

cost in a context specific manner. For example, in the context of social interaction, an altered state 

may cause an individual to weigh costs more heavily than their baseline state, setting them up to 
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cautiously participate in social offers. One major example of this is PTSD, where individuals often 

avoid social activities due to the possibility of encountering crowded spaces, loud noises, and being 

touched, each representing a now heavier weighed cost than their baseline valuation(Kessler 

1995). While this state heavily impacts decisions within a social context, it may not impact 

decisions containing a moral obligation. In turn, treating neuropsychiatric disorders is clinically 

relevant since as many as 1 in 4 adults suffer from a diagnosable mental disorder(World Health 

Organization 2001). 

 

Decision-Making studies. Studies of decision-making can quantify and parametrize concepts, 

such as cognition(Shadlen and Kiani 2013), subjective value(Glimcher and Fehr 2013), and help 

identify the biological correlates of decision-making related processes(Amemori, Graybiel, and 

Amemori 2021; Friedman et al. 2015; Johnson and Redish 2007; Kira et al. 2023; Xiang et al. 

2019), thus many methods have been developed and employed to study decision-making in 

rodents. One example is the T-maze. T-mazes examine decision-making by offering a subject two 

options in branching arms at the end of the maze(Friedman et al. 2015; d’Isa, Comi, and Leocani 

2021; Johnson and Redish 2007; Xiang et al. 2019). T-mazes are also used with virtual reality 

systems, allowing for two-photon calcium imaging during task performance. Another common 

method used for studying decision-making in rodents is operant conditioning tasks(De La Crompe 

et al. 2023; Kapanaiah et al. 2021; Lottem et al. 2018; O’Leary et al. 2018). Operant conditioning 

tasks have subjects perform actions (e.g., nose-pokes(Vassilev et al. 2022; Vollmer et al. 2021) or 

lever presses(De Visser 2011) in response to cues. Rodent versions of the Iowa Gambling task are 

also used to explore DM, since it mimics making decisions in uncertain conditions (typically by 

providing multiple options that have different probabilities of reward/cost being dispensed, 
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depending on the magnitude of predictive stimuli), a common occurrence in day-to-day life(Miller, 

George A., Eugene, G., and Pribram, K. H. 2017). 

 

Drug-seeking behavior. Effects of drugs of abuse on behavior and drug seeking neurocircuitry 

are interrelated to striosomes. In the United States widespread opioid usage alone has caused the 

highest rate of drug overdose(CDC/NCHS n.d.), and it is extremely important to identify the root 

cause -the behavioral and neurological inputs behind this drug seeking epidemic situation. It has 

been found that the main alarming reason behind overdosing is relapsing after a period of 

short/long term break or abstinence(Webster 2017). Usually, the longer the period of staying away, 

the longer the drug seeking behavior has been observed in case of opioids(Altshuler et al. 2021; 

Bossert et al. 2020; Fredriksson et al. 2020, 2021). This increased drug seeking behavior increases 

the possibility of relapse leading to drug overdose(Venniro et al. 2021). Henceforth, it is crucial to 

understand the motivating dynamics in drug-seeking behavior for opioid addictions. 

 

Substance use disorders can be an effect of abnormal decision-making. The most common 

denominator of substance use disorder is continued use of the substance despite acknowledging 

the consequences(American Psychiatric Association 2013). That is why substance use disorders 

are known by abnormal decision-making that comes with high costs. To support this statement 

various studies have displayed various drugs of abuse like opioids causes to make suboptimal 

choices during decision-making(Glimcher and Fehr 2013; Zhao et al. 2017). The abnormal 

decision-making usually has two major impacts – first, it messes up an individual’s daily routine 

(e.g. difficulties in social interactions, maintaining a job, maintaining finances)(Bechara 2005), 

second, it messes up an individual’s capability to stay away from drug of abuse. Ultimately the 
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poor decision-making forecasts high relapse(Turner et al. 2021) or drug-seeking(Perry, Nelson, 

and Carroll 2008). 

Drug-self administration model in addiction behavior. Drug self-administration models for 

studying addiction are predicated on the idea that drugs reinforce the behaviors leading to their 

acquisition. Various methods of drug self-administration have been crafted to mimic different 

facets of addiction, and these methods can easily be integrated with numerous neuroscience 

techniques(O’Leary et al. 2018). Drug self-administration methods are utilized in laboratory 

settings to explore addiction in a controlled manner. In these experiments, an animal or human 

participant engages in an action, like lever pressing, to administer a drug dose, commonly through 

intravenous catheters, though other delivery methods such as oral or inhalation are also used, 

especially with human subjects. These procedures closely mirror real-world addictive behaviors, 

lending them a high degree of face validity. The precise simulation these methods offer enables 

researchers to tailor the conditions to study specific elements of addictive behavior. The behaviors 

exhibited in these models are notably responsive to changes in environmental and pharmacological 

conditions. Therefore, these approaches not only deepen our understanding of the dynamics 

influencing addiction but also facilitate the evaluation of potential treatment strategies(Kapanaiah 

et al. 2021). 

 

Opioid in reckless behavior. Reckless and risky behavior is connected to opioid 

addiction/dependence. Besides, it has been found in pre-clinical studies that opioids can raise 

reckless choice in non-humans(Hunt, Hughes, and Pitts 2020). Exploitation of opioids, including 

prescription opioid medications, has become a major health concern and the U.S. Department of 

Health and Human Services declared opioid exploitation a public health emergency in 2017. 
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Abusing drugs including opioid-related disorder(American Psychiatric Association 2013), is 

connected to reckless and risky behavior(Carroll et al. 2010, 2010, 2010; Madden et al. 1997; Perry 

and Carroll 2008; Weafer, Mitchell, and De Wit 2014). These behaviors are responsible for 

individuals to be at risk of repeated drug abuse and can raise the probability of drug dependence 

and overdose. Even though there are  demonstration from studies that reckless and risky traits are 

pre-existing causes related to drug abuse(Perry and Carroll 2008; Weafer et al. 2014), also direct 

drug use can also cause an increase in reckless and risky behaviors(Madden et al. 1997; Simon, 

Mendez, and Setlow 2007; Weafer et al. 2014). Hence, it is important to distinguish how opioids 

affect the underlying activities contained in making reckless and risky decisions. 

Pharmacological profile and impact of oxycodone. Oxycodone is considered a semi-synthetic 

opioid and usually recommended for the treatment of  moderate-to-severe pain(Riley et al. 2008). 

It is derived from thebaine, a minor constituent of opium(Kimishima et al. 2014). Even though 

some argument regarding its pharmacological profile exists (e.g., (Kalso 2007; Riley et al. 2008)), 

like other μ-opioid agonists oxycodone is also a potent μ-opioid agonist with a similar behavioral 

profile(Beardsley et al. 2004). In some of the countries of this world, it has replaced morphine as 

the most widely prescribed opioid painkiller(Söderberg Löfdal, Andersson, and Gustafsson 2013). 

Oxycodone has seven folds higher  ability to cross the blood brain than morphine along with a 

faster onset and longer duration of action than morphine(Olkkola et al. 2013). In combination of  

fewer side effects(Compton, Jones, and Baldwin 2016) and powerful actions on reward circuitry, 

oxycodone is considered as one of the most highly exploited drugs available in today’s world. 

Notwithstanding it being the most abused prescription opioids(Johnston et al. 2018) and its vital 

role in the exposed opioid crisis(Van Zee 2009), there is insignificant research exploring its effects 

on reckless and risky choice.  
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Gender differences in opioid abuse. In general, men have been seen to be abusing drug more 

than women. Though, now women started abusing prescription opioids as much as men(Simoni-

Wastila, Ritter, and Strickler 2004). Moreover, usually majority of women who reported using 

opioids is to control stress(McHugh et al. 2013), and it has been observed that women’s 

advancement from primary opioid abuse to opioid use disorder is faster than men(Hernandez-

Avila, Rounsaville, and Kranzler 2004). It has been found that widespread prescription opioid 

disproportionally affects women(Chartoff and McHugh 2016). Sadly, there’s lack of enough 

preclinical studies on prospective sex differences in opioid related addiction. It has been observed 

in rodent studies that female rats in case of heroin self-administration they acquire it faster than 

male rats even though the total heroin consumption does not differ(Lynch and Carroll 1999). It has 

been reported that female rats show an ascending heroin dose-response compared to males, but 

there is no significant sex differences in food self-administration(Cicero, Aylward, and Meyer 

2003), which actually generate the likelihood of females having increased exposure of addiction 

to opioid. 

Incubation of craving. Due to re-exposure to drug related cues it has become one of the major 

hurdles to address relapse to opioid abuse leading to epidemic(Gostin, Hodge, and Noe 2017; 

Kariisa et al. 2019). Lately, it has been demonstrated that adult rats increasingly seeks oxycodone 

after abstinence from oxycodone self-administration(Altshuler et al. 2021; Fredriksson et al. 2020, 

2023). This incubation of craving incident has also been previously viewed in rats with a past 

usage of cocaine(Grimm et al. 2001), heroin(Shalev et al. 2001), nicotine(Abdolahi et al. 2010), 

alcohol(Bienkowski et al. 2004), methamphetamine(Shepard et al. 2004), and sucrose(Grimm, 

Fyall, and Osincup 2005) self-administration. 
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Alcohol use in early adulthood. A top cause of morbidity and mortality worldwide is alcohol 

use(Chassin et al. 2013; Thompson et al. 2014). Between the ages of 20 and 24 the global 

occurrence of heavy occasional drinking peaks in(Thompson et al. 2014) and this emphasizes the 

significance of initial adulthood as a period when drinking habit forms and related problems 

advance or accelerate(Goschke 2014; Hinckers et al. 2006; Wichers, Gillespie, and Kendler 2013; 

Zucker et al. 2006). Various factors, like genetic variations, personality traits, social networks, and 

environmental stimuli are responsible behind forming these responses(Chassin et al. 2013; 

Hinckers et al. 2006; Wichers et al. 2013; Zucker et al. 2006). 

Impact of cognitive control on decision-making and alcohol consumption risks. Decision-

making ultimately gets affected by internal and external factors related to drinking alcohol as well 

as subjective values to states, goals, and actions(Chassin et al. 2013; Goschke 2014; Guttman, 

Moeller, and London 2018). Usually the behavior that is goal directed typically adjusts to new 

experiences, contexts, and demands(Goschke 2014). This kind of behavior involves withholding 

disturbing stimuli, unnecessary thoughts, and prepotent responses while focusing on cognitive 

control to capture, maintain, and exploit relatable information(Goschke 2014). Naturally people 

with low cognitive control have a tendency to make inconsistent and impulsive choices by limiting 

attention, patience, foresight, planning, and reflection(Goschke 2014). These autonomous reckless 

choices essentially advance drinking, which is supported by instant rewards (e.g., stimulation, 

relaxation) despite prolonged costs (e.g., intoxication, withdrawal) and various risks (e.g., 

accidents, addiction;(Camchong, Endres, and Fein 2014; Herman and Duka 2019). 

Decision biases in alcohol use disorder: delay discounting, risk-seeking, and loss aversion as 

predictors of drinking behavior. It has been observed that people prefer smaller instant rewards 

over bigger rewards at a later period when they are suffering from moderate or severe Alcohol Use 
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Disorder and this choice is usually linked to earlier disorder onset, heavier drinking, and more 

disorder severity(Camchong et al. 2014; Herman and Duka 2019). It has also been noticed that 

chronic alcohol use a also causes low response to considering costs(Bernhardt et al. 2017), 

probably independent of strong delay discounting(Thrailkill, DeSarno, and Higgins 2022). There 

has been some opposing reports on delay discounting and loss aversion as well especially focusing 

non-dependent drinking(Campbell et al. 2021; Herman and Duka 2019; Mayhew et al. 2020; 

Poulton et al. 2022; Stancato et al. 2020; Tucker et al. 2021; Zorick et al. 2022). Some studies 

displayed that delay discounting typically cannot consistently differentiate between different 

levels, patterns, or problems of non-dependent drinking(Campbell et al. 2021; Herman and Duka 

2019; Mayhew et al. 2020; Poulton et al. 2022; Stancato et al. 2020; Tucker et al. 2021). 

Correspondingly, there is e scarcity of  probability discounting researches to observe the risky 

instant reward seeking and disregarding high costs behavior in less problematic drinking  but is 

already established in moderate to severe Alcohol Use Disorder(Bernhardt et al. 2017). 

Additionally, alcohol has no typical acute effects on delay or probability discounting or loss 

aversion(Bernhardt et al. 2017; Herman and Duka 2019). These studies suggest that after shifting 

to Alcohol Use Disorder there is a gradual increase in delay discounting, risk-seeking for gains, 

and risk aversion for losses and a decreasing trend in loss aversion. Remarkably, it has been noted 

that only risk aversion for losses predicted relapse to heavy drinking within a year in freshly 

abstinent patients with Alcohol Use Disorder(Bernhardt et al. 2017). 

Variability in decision-making among non-severe alcohol users: gender, age, and drinking 

patterns. Inconsistencies in value-based decision-making in people who use alcohol without being 

in the range of moderate or severe Alcohol Use Disorder expose the divergency in classifications 

(e.g., threshold for low-risk consumption), measures (e.g., frequency, quantity), and periods (e.g., 
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past month or year) of drinking(Kalinowski and Humphreys 2016; Thompson et al. 2014), 

including dichotomizations (e.g., non-binging vs. binging). These studies are also staggered gender 

differences in decision-making(Green and Myerson 2019) and alcohol involvement(Vereinte 

Nationen and Büro für Drogenkontrolle und Verbrechensbekämpfung 2018). Additionally, 

drinking patterns form distinctively across the lifespan(Chassin et al. 2013; Thompson et al. 2014; 

Wichers et al. 2013; Zucker et al. 2006) and may connect in a different way to dimensions of 

decision-making. There is not enough systematic research done in non-clinical populations on the 

effects of trivial alcohol intake on decision making. The reason may be due to the difficulties in 

designing these types of studies(Karlsson et al. 2022) 

Impact of alcohol intake on reward processing, mood, and cognitive function: insights from 

recent studies. Although effects vary depending on gender and genetics alcohol intake can impact 

reward stimulus through activation of canonical dopaminergic brain reward system in healthy 

volunteers(Boileau et al. 2003; Gilman et al. 2008; Ramchandani et al. 2011; Urban et al. 2010). 

In non-hostile conditions increased emotional activity and positive mood is found to be linked to 

alcohol intake (Fairbairn and Sayette 2013; Sayette et al. 2012). There is a popular opinion about 

non-selective impairments of cognitive function caused by, but this perception has recently been 

doubted. Recent studies suggests that alcohol consumption results in selective deficiencies of 

attention, automatic auditory processing, and performance monitoring (Sayette et al. 2012). 

Likewise, it is believed that alcohol enhances impulsivity, but there is not enough studies to 

determine to what extent impulsivity is a cause vs. a consequence of alcohol use, and at what point 

it influences emotional states (Herman and Duka 2019). 

The impact of alcohol consumption on decision-making: insights from behavioral and 

neuropsychological studies. Continued alcohol consumption causes problems in individuals like 
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poor decision(American Psychiatric Association 2013). This profile of abnormal decision-making 

due to alcohol consumption has been proved in various researches like in the Iowa Gambling Task 

(IGT; (Bechara et al. 1994)). The main point of IGT is to skip short-term rewards for long-term 

rewards, a process that is assumed to be severely disturbed in substance (e.g. drugs, alcohol, 

tobacco) and non-substance addictions (e.g. gambling)(Noël et al. 2007). As an example it has 

been found that usually a high percentage of alcohol-dependent patients even though they undergo 

detox and extinction from alcohol for a short time like a few weeks e.g. (Kornreich et al. 2013; 

Noël et al. 2007) or long term like several years(Fein, Klein, and Finn 2004) normally make 

choices that is related to short term rewards that may lead to severe delayed punishment instead of 

later long term reward. From all this research it is prevalent that abnormal decision making does 

not recover over time like even after a long-term abstinence of alcohol there is always a chance of 

relapse after months or even years. Significantly, it has been highlighted by neuropsychological 

studies that alcohol addiction is connected to abnormal functioning, including working memory, 

planning, and flexibility e.g.(Blume, Schmaling, and Marlatt 2005; Dao-Castellana et al. 1998; 

Noël et al. 2001).  

Alcohol's impact on cognitive functioning in aging humans and rodents. In adult humans and 

rodents the effects of alcohol on the nervous system have been well observed. Alcohol depresses 

central nervous system  by showing anxiolytic, sedative, and memory-disrupting 

properties(Eckardt et al. 1998). Furthermore, alcohol causes alterations in learning and memory 

developments(White 2003). Though there is limited research on alcohol in aging subjects, studies 

in humans has showed that compared to younger adults older adults perform worse in tests 

assessing working memory, attention(Garcia et al. 2020; Han and Jia 2021; Lewis et al. 2016; 



14 
 

Price et al. 2018). Even in animal studies the effects of alcohol that have been assessed are 

cognition, ataxia, hypothermia, and sedation. 

Gender similarities in cue-triggered alcohol seeking behavior. Alcohol seeking behaviors can 

be triggered by environmental stimuli and cause problematic alcohol use. There have been no 

gender differences found in the implicit associative learning process allowing environmental 

stimuli together with alcohol to trigger alcohol seeking behaviors. It is believed that Pavlovian or 

classical cue conditioning in a fundamentally similar way in males and females. Nonetheless, 

gender differences may exist on problematic alcohol use based on the how cues can effect(Barker 

and Taylor 2019).  

Developmental changes and gender differences. To understand how biological factors initiate 

developmental changes due to ethanol consumption, animal models are necessary and rodents have 

proved to be the best model which is well-characterized model with adolescence appearing over a 

brief period of time(Spear 2000). Adolescence in rodents is denoted as postnatal day [P] 28 – P42, 

with the beginning of adulthood delaying to roughly P55(Vetter-O’Hagen and Spear 2012).The 

behavior relevant to alcohol consumption in adolescent include increased impulsivity, novelty-

seeking, and final maturation of executive function, following a similar pattern appearing during 

human adolescence(Spear 2000, 2011; Varlinskaya, Vetter-O’Hagen, and Spear 2013). 

Additionally, rodent puberty time overlapping with adolescence, primary sex differences, 

especially the earlier pubertal development of females than males are also similar to human 

development(Varlinskaya et al. 2013). 

Sex differences in long-term effects of adolescent ethanol exposure on adult ethanol intake. 

To see if adolescent ethanol experience affects ethanol intake in adulthood animal models for 

voluntary consumption (two-bottle choice, drinking in the dark, scheduled high-alcohol 
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consumption) or forced administration (intragastric gavage, intraperitoneal injections, ethanol 

vapor inhalation, forced drinking) have been used. Even though some studies have displayed the 

relation of adolescence ethanol exposure and excessive adult alcohol intake  (c.f.,(Towner and 

Varlinskaya 2020)), there is not enough study focusing on sex differences in long-lasting effects 

of adolescent ethanol exposure. Additionally, some papers describing no significant effects of 

Adolescent Intermittent Ethanol (AIE) on drinking ethanol(García-Burgos et al. 2009; 

Varlinskaya, Kim, and Spear 2017), some others studies reported similar effects in both males and 

females(Amodeo et al. 2018; Broadwater, Varlinskaya, and Spear 2013; Moore et al. 2010; Younis 

et al. 2019), and some of the studies claiming changes in ethanol consumption based on 

sex(Gamble and Diaz 2020; Maldonado-Devincci et al. 2010, 2022; Siciliano and Smith 2001; 

Strong et al. 2010).Some factors like exposure regimens, duration, route of ethanol administration, 

blood ethanol concentrations attained, mode of testing, and animal strain may be responsible 

behind inconsistency in findings(Robinson et al. 2021). 

In animal models like Sprague Dawley rats, both sexes showed increased ethanol consumption 

later in life(Maldonado-Devincci et al. 2010), or had no effect on social drinking irrespective of 

sexes(Varlinskaya et al. 2017). In case of Long-Evans rats more noticeable sex differences was 

observed when they were forced fed ethanol in adolescence, where males had a gradual increasing 

and females gradual decreasing ethanol intake trend later in life(Siciliano and Smith 2001). In 

general, the degree of sex effects is mostly dependent on specific experimental parameters but 

undoubtedly sex is a substantial factor in the effect of exposure to adolescent ethanol drinking 

behavior later in life. 

Depending on the route of administration, AIE can increase adult life ethanol consumption and 

affect response of ethanol(Robinson et al. 2021). Eight out of ten review studies reviewed increase 
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of ethanol intake in male adults than female adults. Hence, male rodents are prone to excessive 

adult drinking after getting exposed to adolescent ethanol intake which may be main factor behind 

ethanol sensitivity in sex differences. These findings are a bit consistent with the  literatures 

focusing on human epidemiology(Flores-Bonilla 2020; White 2020), and highlights on the facts 

that animal models can provide useful information to the probable risks for humans of substantial 

ethanol exposure during adolescence. 

Relationship between adolescent alcohol use, anxiety, and mood disorders. During 

adolescence, anxiety and mood disorders are most frequently observed which can lead to and also 

be an aftermath of abusing alcohol. Social anxiety is found to be responsible for  problematic 

drinking during the developmental period(Terlecki, Ecker, and Buckner 2014), with decrease in 

interpersonal relations which is also an indication of AUDs in older adolescents(Chou et al. 2011). 

Inevitably, anxiety and depression are consequences of alcohol use in adolescence in 

human(Marmorstein 2009). The NIAAA-funded National Consortium on Alcohol and 

Neurodevelopment in Adolescence and others have focused on finding the underlying causes 

responsible for adolescent alcohol consumption in human, as well as sex differences both in 

sociability and brain activity. For instance, while engaging in social drinking was linked to more 

frequent alcohol use for both genders, females showed signs of peer influence at an earlier age 

than males. Additionally, social situations influenced drinking behavior in males later in 

adolescence, whereas this effect was not observed in females(Boyd et al. 2018).  

Developmental aspects and impacts of adolescent alcohol exposure. Behavioral flexibility, also 

known as cognitive flexibility, involves the ability to adapt one's behavior in response to shifting 

environmental conditions and personal factors(Diamond 2013; Luna 2009). This capability is built 

upon other cognitive functions such as inhibitory control and working memory(Diamond 2013) 
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which rely on the activity of the prefrontal cortex(Nowrangi et al. 2014). The process of adjusting 

behavior or shifting viewpoints typically requires stopping a current action, initiating and 

maintaining a new approach, and continuing this adjusted behavior in response to feedback. 

Therefore, behavioral flexibility plays a crucial role in how both animals and humans make 

decisions and the outcomes of those decisions. 

Behavioral flexibility begins to develop in early childhood and becomes more complex through 

adolescence, corresponding with the development of the prefrontal cortex (PFC)(Best and Miller 

2010; Broadwater et al. 2013; Diamond 2013; Luna 2009; Nowrangi et al. 2014), This indicates a 

link between the maturation of the PFC and executive functions(Nowrangi et al. 2014). 

Consequently, it can be anticipated that factors which affect the development of the PFC, such as 

exposure to alcohol during adolescence, could influence executive functions overall, including 

behavioral flexibility. 

While the majority of the referenced studies involved male subjects, fewer than half included 

female subjects, and none were exclusively focused on females. Notably, the effects of adolescent 

intermittent ethanol (AIE) on behavioral flexibility seem to be present in both genders, though 

there are certain distinct differences between males and females(Robinson et al. 2021). 

The role of biological sex is becoming increasingly recognized as a critical factor in understanding 

the effects of alcohol on neurodevelopment. Recognizing the subtleties of how alcohol impacts 

males and females differently can enhance our knowledge of the mechanisms behind sex-specific 

behavioral deficits caused by alcohol and could influence the effectiveness of future treatments for 

each sex(Robinson et al. 2021). 
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Expected outcome. We expect to observe approach-avoid decision-making of rats in multiple 

levels of rewards and costs combinations and before and after oxycodone self-administration we 

expect to observe individual and group decision-making changes in rodents, sex differences and 

distinction in psychometric functions. We also expect that before and after alcohol habituation we 

will be able to observe individual and group decision-making changes in rodents, sex differences 

and distinction in psychometric functions.  
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A. 2 Significance 

 

Critical knowledge gap that my dissertation studies will address: The experiments will directly 

address individual variability in decision-making, offer and connect multiple levels of rewards and 

costs combinations alone and along with drug-seeking behavior. Additionally, the experiments 

will focus on understanding decision-making in a context dependent manner which is critical to 

developing treatment options for individuals experiencing neuropsychiatric disorders. 

Finally, we will also focus on the distinction in psychometric functions, heterogeneity of decision-

making clusters, and similarities across human rodent decision-making patterns and these findings 

can be applied to addresses several gaps in the field such as modeling state dependent decision-

making, evaluation of decision-making within a singular context, access to a foundational model 

by which decision-making can become predictive, translational gaps between rodent-human work, 

and lastly inclusion of complex physiological measurements with decision-making. 
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A.3 Specific Aims 

Aim 1: Understanding cost-benefit decision-making in an open filed environment and the effect 

of sex difference. 

Aim 2: Understanding the effect of drugs of abuse-oxycodone in altered decision-making 

behavior. 

Aim 3: Understanding the effect of drugs of abuse-alcohol in altered decision-making behavior. 
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A.4 Hypothesis 

In Aim 1 we hypothesize that sex difference exists in approach-avoid decision making.  

 

In Aim 2 we hypothesize that females self-administer more oxycodone and show a shift in the 

approach-avoid decision-making behavior. 

 

In Aim 3 we hypothesize that females consume more alcohol and show a shift in the approach-

avoid decision-making behavior. 
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B. Materials and Methods 

Experimental Design for rodent subject:  

 

   

         
 

  

Figure 1: Rodent decision-making system. 

 

Firstly, depending on the selected experiment, either Bonsai or NOLDUS was utilized to 

detect information. Custom Python or batch scripts were then employed to determine the 

actions to be executed, transmitting this information to the MCU. Subsequently, the MCU 

executed preprogrammed actions in the arenas, such as illuminating LEDs or dispensing 

rewards. 

 

Secondly, data from a session was sent to one of two custom parsers, depending on the 

experiment conducted. These parsers combined the trials, checked for mismatches and 

consistency, and made the data accessible through a custom Graphical User Interface (GUI). 

Database tools were developed to facilitate data retrieval and analysis.  

 

Lastly, codes were utilized to extract behavior features based on animal location, time, and 

choice. These features were then used to create modeling and analysis tools. Additionally, 

synchronization scripts were developed to enable our system to function with calcium 

imaging. 
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The system for task-development. We used our precise and sensitive system Reward-Cost in 

Rodent Decision-making (RECORD) to detect and analyze decision-making behaviors in both 

individual level and group level for all the rodent experiments. There are 7 major components that 

built the system as a whole:  

1) 3D-printed arenas/mazes, 

2) microcontroller and related connecting devices 

3) infrared cameras for tracking rodent movements,  

4) software for data acquisition, 

5) software for data parsing,  

6) software for databasing, and 

7) software for data analysis. 

Maze layout. One of the major physical components for the system to run is the mazes where the 

rodents go through their decision-making tasks. The mazes/arenas had 4 distinct floor patterns 

(Diagonal, Grid, Horizontal, Radial) where each one connected to specific costs and reward. This 

multiple reward-cost combination option provides the rodent to make informed choices. The 

arenas measured 64 cm along each side (Fig. 2). Rewards are usually sucrose solution of different 

concentrations for each feeder (Diagonal 9%, Grid 5%, Horizontal 2% and Radial 0.5%). Costs 

are blue LED lights with intensity adjusted in between 15Lux-320Lux based on the type of 

experiment run. These LEDs also indicated which feeder would dispense a reward for each trial. 

Usually in tasks involving cost/benefit conflicts, variable light intensities were used as aversive 

stimuli, while sucrose solutions served as rewarding stimuli(Friedman et al. 2015, 2017, 2020).  
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Tracking and recording. The system executes reward disposition based on the animal location 

and the whole approach-avoid behavior towards the reward-cost (LEDs) is tracked and recorded 

through IR-sensitive cameras by the system. Experiments were run in a dim room since light was 

used as an aversive stimulus and rodents are more active in low-light conditions(Evans 1971). Data 

from camera was saved as raw data in table file format. Spatial data was sampled for every frame 

captured by the camera.  

Ethovision XT was used to track animal location and response inside the arena. Bonsai computer 

vision library was used as well to continuously record the animal’s position. Since Ethovision 

requires a paid license, we also tested the system with a free alternative, Bonsai. Also, the behavior 

tracking software was easy to link to our microcontroller-driven electronics.  

Subjects. For all experiments, adult Long Evans male and female rats (~8 weeks old) were housed 

either individually or two per cage (sexes housed separately) and maintained on a 12-hr. light: 12 

           
      

              

      Figure 2: Maze for 

conducting decision-making 

tasks. 

3D-printed maze floor with four 

different patterns to indicate the 

locations of four feeders. Each 

feeder delivers a specific 

concentration of liquid reward 

(9%, 5%, 2% and 0.5% sucrose 

solution). LED light intensities 

are shown, from lowest to 

highest (upper left, moving 

clockwise) (15LUX-320LUX). 
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hr. dark photoperiod (lights on at 06:00 hr.) with unlimited water and rat chow and allowed at least 

seven days acclimation before the beginning of any experiment. Rats were then housed singly 

following acclimation, and body weight was measured monthly and determined to the nearest 

gram, while food and fluid intakes were determined by weight to the nearest 0.1 g and 0.1 ml 

respectively. All experimental procedures described are approved by the UTEP Institutional 

Animal Care and Use Committee. 

Decision-making task batteries. The behavioral tasks consisted of numerous trials, each lasting 

from 30 to 50 seconds. They are designed to be highly flexible, allowing researchers to modify 

variables like cost, reward, and timing.  

We used three types of tasks having different decision-making approaches: 

• Reward/cost association task: animals were trained to relate light cues with rewards and 

rewards with specific spatial locations separated by different floor patterns. This task did 

not involve a choice action as it was used more like an arena habituation and task learning 

phase, which limits the activation of multiple brain circuits. The reward is given regardless 

of whether the animal approaches the light. 

The task comprises three stages (Fig. 3): 

1. Tone Presentation: A 4-second trial start tone is played as a condition for the rodent 

indicating the start of a trial. 

2. Cue Presentation: Low-intensity light is presented at a predetermined location, which 

varies pseudo-randomly across trials. The light must be bright enough for the rodent to see 

but not so bright as to stress the animal; a range of 15 to 20 lux is used in this particular 

study. 
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3. Reward Delivery: A sucrose reward at a specific concentration (9%, 5%, 2%, 0.5%), 

determined by the location of the feeder, is given to the rodent. 

 

Experimental trials were usually run 5 days a week for 2-4 weeks until the rodents learned the task. 

This task also enabled the identification of each rat's individual reward preferences based on their 

approach rate versus avoidance rate. 

 

 

 
 

 

Figure 3: Decision-making task trial. 

In a typical decision-making (DM) task trial, four key phases are involved. First is the tone 

presentation, marking the trial's start. Next, the offer presentation occurs, where light 

indicates a cost-reward scenario. Following this is the approach/avoid phase, where the 

animal decides to accept or ignore the offer. Lastly, the delivery phase involves dispensing 

the reward if the offer was accepted. Each trial is separated by a 28-second inter-trial interval, 

during which the system resets, and hardware is re-synchronized.  
 

 

• Low-cost cost-benefit tasks: these tasks were developed, offering different reward/ low 

cost (only 15 Lux) pairings on each trial. In this task the light turned on indicating the 

location of the offer and the offer/reward was dispensed only if the rodent approached that 

feeder and entered the specific feeder quadrant. If the rodent didn’t approach the offer, the 
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light turned off and no offer was delivered, and it was considered avoid or rejection. After 

a variable delay (e.g., 6 seconds), the system uses camera-based tracking to determine if 

the animal remains in the active quadrant or moves to another region (Fig. 4).  

 

• High-cost cost-benefit tasks: these tasks were developed, offering different reward/ higher 

cost (15 Lux-320 Lux) pairings on each trial. The tasks were run following the same 

settings as the Low-cost cost-benefit tasks, but the only difference was the low and high 

light intensities were randomly set to turn on different feeders (Fig. 4). 

Adjustments were made to the intensity of the light associated with the cost, as there was notable 

variability in how individual rats recognized the light. Some rats seemed to recognize the light as 

either stronger or weaker than others, despite the brightness being the same across all cost levels. 

The tasks we run are self-sufficient and not inherently dependent on each other; each task can 

function independently as a significant experiment. Although the association task can lay the 

groundwork for the high- and low-cost cost-benefit tasks, it is not mandatory. Typically, rats 

needed around 9 weeks to complete training for these tasks. 
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Figure 4: Cost-benefit decision 

making task. 

 

In each trial, an LED is lit around one of 

the bowls, indicating that the reward 

will be placed in that bowl. The reward 

is consistent across all locations (0.5% 

to 9% sucrose). The rodent then chooses 

whether to approach the feeder and 

consume the reward under the LED light 

or to avoid the feeder. The specific 

feeder lightened is randomly selected 

for each trial. The intensity of the LED 

ranges from 15 lux to 320 lux and is 

determined by the behavioral protocol. 

 

 

Decision-making task: calibration phase. The calibration phase, performed before any implant 

procedure, allowed us to determine the range of cost-benefit combinations for each rat that yielded 

a similar sigmoidal psychometric function across all rats. For each rat, we determined the 

percentage of sucrose that corresponded to the following levels of choice behavior: Level 1--rat 

chose the sucrose reward 20% of the time, Level 2-- rat chose the sucrose reward 40% of the time, 

Level 3—rat chose the sucrose reward 60% of the time and Level 4-- rat chose the sucrose reward 

80% of the time. All of these were assessed when the cost was minimal (light intensity = 40 lux).  

The levels of cost were also calibrated. For each rat, we determined the LED intensity that altered 

approach behavior in the following specific ways: Level 1-- the rat chose the reward paired with 

this level of cost 20% less vs the same reward with no cost; Level 2-- the rat chose the reward 

paired with this level of cost 40% less vs the same reward with no cost. 
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Decision-making task learning phase. Each day, we loaded all corner ports with 4 concentrations 

of sucrose which were different for each rat (but consistent across days within a rat) by providing 

different concentrations of sucrose that were determined at the start of the experiment (as described 

in Calibration above) for each rat.  

 

Each corner port delivered a specific sucrose concentration for each rat across all trials, The rat 

identified the cost level based on intensity of LED presented (lights appear in one of two 

intensities) and reward level based on reward location. Each day we loaded each corner port with 

a specific concentration of sucrose and only one port delivered sucrose on any given trial.  

 

Each day a rat on average performed at least 40 trials and up to a maximum of 150 trials. Each 

trial was organized in the following way: at the beginning of the trial, a tone was played to indicate 

the start of the trial. Afterwards, an offer was presented, indicated by an LED light around the 

feeder. A rat could approach an offer by moving towards a port, or rat could avoid an offer by 

moving out of the port to another zone, triggering the LED lights to turn off. The reward port that 

was lit, as well as the level of cost (light intensity), was presented randomly. 

 

Analyzing decision-making strategies: feature extraction. We pinpointed some features to 

extract and study individual decision-making from the data obtained during behavioral trials. 

These features include metrics such as speed, orientation, and position. The extracted features were 

then analyzed and stored in a dedicated table within a PostgreSQL database. Below is a 

compilation of the features extracted, along with their respective definitions. 
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1. Distance traveled: Overall Euclidean distance traveled by the animal in the normalized 

trajectory. 

2. Travel pixel: The number of pixels that were traveled by the animal between trial start and trial 

end in the normalized trajectory. 

3. Proportion of high-speed runs: The total number of outliers present in a set of acceleration 

measurements. We calculated this based on the median and the standard deviation of the 

acceleration data divided by distance traveled. 

4. Stopping points: Defined as the number of times the rat comes to a complete stop (moves < 0.1 

units in both X and Y direction within a three second window) during the trial. 

5. Rotation points: Defined as the number of rotations performed by the animal during each trial. 

A vector was defined from the center point of the rat to the head of the rat. Angular changes greater 

than 180 degrees in the vector within a 1.5 second window were defined as one rotation. 

6. Approach time: Refers to the time it takes the animal to reach an offer location after the “trial 

start” tone is presented. 

7. Proportion of trial outside all reward zones: Time the animal spent in the center of the arena 

divided by the number of trials in a session. 

Surgical procedure. We used Oxycodone in combination with High Cost (High light intensity). 

Cather surgery was done to make easy administration of oxycodone instead of intravenous 

penetration every time. After the surgery the rats had a week’s rest and during that time, they got 

familiar with the maze. After that week they got introduced to the addiction process. They used to 

get oxycodone everyday through self -administration process (0.1 mg/kg/infusion for day 1-7, 0.05 
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mg/kg/infusion for day 8-14) for 14 days. After self-administration for the next 15-30 days, they 

ran trials with normal food and water and this phase was also known as Incubation of craving.  

Oxycodone self-administration and abstinence. The self-administration task was based on one 

used in multiple published experiments(Altshuler et al. 2021; Bossert et al. 2020; Moschak, Terry, 

et al. 2018; Moschak and Carelli 2017, 2021b, 2021a; Moschak, Wang, and Carelli 2018). Mildly 

water-deprived rats self-administered either oxycodone or water reward (with yoked saline)6 hr. / 

day for 14 days. During each trial in the task, a nose poke aperture illuminated. Nose pokes into 

the illuminated aperture resulted in a bolus of oxycodone (0.05956 mg/kg/infusion) or water/yoked 

saline (volume matched) coupled with a 20 second tone/house light stimulus. During the 20 second 

tone/house light stimulus, the nose poke aperture was darkened, and further nose pokes were 

recorded but did not result in drug delivery. Animals were also tested on extinction of self-

administration both day 1 and day 30  following cessation of self-administration; this paradigm 

was sufficient to induce an ‘incubation of craving’ for oxycodone, that is, an increase in drug-

seeking behavior at 30 days(Friedman et al. 2020). During extinction, nose pokes resulted in 

tone/house light stimulus, but no oxycodone or water/yoked saline. 

Oxycodone behavioral task. During the behavioral sessions, rats performed a slightly modified 

version of the cost/benefit association task with the same rewards being dispensed, however only 

280 lux was used as a cost as opposed to varying light intensities. This modification to the protocol 

was made due to a perceived hypersensitivity to the cost light, which we believed was due to the 

introduction of oxycodone. Additionally, we found that during self-administration and abstinence, 

some rats became increasingly aggressive toward experimenters and spent a large amount of time 

biting at the arena components instead of participating in the trial. These rats (n = 2) were removed 

from the study entirely. 
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Alcohol Experiment. For this experiment we used 11 experimental rats (6 females and 5 males) 

and 11 control rats (6 females and 5 males). Alcohol administration was designed to be in the 

following 3 different sections: 

a. Alcohol habituation. For the first section the experimental rats ran trails in the decision-

making mazes, and they were introduced to 4 different concentrations of alcohol along with 

different sucrose concentrations (0.5 % Sucrose+ 20% Alcohol, 2% Sucrose + 10 Alcohol, 

5% Sucrose + 4% Alcohol, 9% Sucrose + 1% Alcohol). The control rats ran the same 

decision-making trials for the same amount of time as well, but they received regular 

sucrose solutions only. 

b. Alcohol liquid diet introduction. The second section was where rats stayed in their home 

cage and got addicted to alcohol starting from 10% alcohol to finally 20% alcohol along 

with liquid diet for 4 weeks. The regular chow diet was replaced with a liquid diet(Serrano 

et al. 2018) consisting of chocolate-flavored Boost nutritional supplement fortified with 

vitamins and minerals (Nestle HealthCare Nutrition, Florham Park, NJ, USA). The rats 

were divided into two groups: the alcohol group, which received a diet containing 10% 

(w/v) alcohol, and the control group, which received an alcohol-free diet supplemented 

with sucrose to match the caloric intake of the alcohol group. The diet was available 24 

hours a day, 5 days a week. On weekends, the animals had ad libitum access to chow and 

water.  

c. Alcohol induced decision-making trials. The last section was where we repeated the first 

section but the only difference with the first section was the third section recorded the 

behavior and decision-making patterns after the rats developed alcohol addiction 
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D. Results 

Aim 1: Understanding cost-benefit decision-making in an open filed environment and the 

effect of sex difference. 

To look at the decision-making behavior of the rodents we used our printed mazes designed to 

have distinctive patterns on arena/maze floors (diagonal, grid, horizontal, radial) (Fig. 2) to 

associate to different concentrations of sucrose solutions which were dispensed as rewards through 

the feeders (Fig. 2). Each feeder had a ring of LEDs with different intensities as cost surrounding 

each feeder (Fig. 2). Reward concentrations for the distinctive patterns radial, horizontal, grid and 

diagonal were respectively 0.5%, 2%, 5%, and 9%. And intensities of the LEDs as cost ranged 15-

320 Lux). The distinctive maze patterns as visual cues along with different intensities of lights as 

costs and different concentrations of sucrose solutions as rewards helped the rodents to make 

decisions combining reward and cost. 

We used three independent tasks- reward/cost association, low-cost cost-benefit, and high-cost 

cost-benefit (Materials and Methods) to evaluate rat (Male = 11, Female = 12) decision-making 

behavior. For all the tasks each trial began with a tone, followed by lighting of a feeder, giving rats 

6 seconds to reach the reward zone. Successful trials kept the feeder illuminated for reward 

consumption, while unsuccessful ones resulted in the feeder deactivating (Fig. 3). The reward/cost 

association task taught rats to link each reward level with a specific floor pattern. This task did not 

involve a choice action as it was used more like an arena habituation and task learning phase, 

which limits the activation of multiple brain circuits. The reward is given regardless of whether 

the animal approaches the light (Fig. 5). From the task learning phase we have noticed that females 

were significantly faster to learn the task compared to the males. Average time to learn task (FvM) 
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statistical significance was determined by paired t-test using SPSS 2324 software package (F = 12, 

M = 11). p-vale for sex difference: 0.01. 

   

      a.                                                              b.             

                      
 

Figure 5: Decision-making Task Learning. 

a. Example of individual rats performance in the reward/association task in a session. In 

the left the rat learned to approach the reward compared to in the right graph where the rat 

has not yet learned the task is shown. 

b. Graph demonstrating the average time to learn the task in males and females (paired t-

test *p = 0.01, mean ± SEM). 
 

  

       
 

 

Figure 6: Task learning timeline.  

 

After becoming adapted to the arena and 

understanding the correlation of light with 

sucrose as indicating cost and reward, the 

rats were gradually introduced to the low-

cost cost-benefit task. Following a two-

week training period, they were then 

exposed to the high-cost cost-benefit task. 

This was achieved by including both low 

and high-cost trials randomly throughout 

the same session. 

 

 

Next, once the rat learned about the maze and task we slowly introduced them to low-cost tasks. 

In the low-cost task we offered different reward/ low cost (only 15 Lux) pairings on each trial. In 
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this task the light turned on indicating the location of the offer and the offer/reward was dispensed 

only if the rodent approached that feeder and entered the specific feeder quadrant. If the rodent 

didn’t approach the offer, the light turned off and no offer was delivered, and it was considered 

avoid or rejection. After a variable delay (e.g., 6 seconds), the system uses camera-based tracking 

to determine if the animal remains in the active quadrant or moves to another region (Fig. 3, 4).  

 

When the rodents were comfortable with low cost and understood the concept of cost-reward 

association we introduced them to the high-cost tasks. For high-cost tasks we gradually increased 

the light intensities from 15 lux to 40, 140,160,240,260,320 lux. In these tasks we offered different 

reward/ higher cost (15 Lux-320 Lux) pairings on each trial. The tasks were run following the 

same settings as the Low-cost cost-benefit tasks, but the only difference was the low and high light 

intensities were randomly set to turn on different feeders (Fig. 4). 

As soon as the rodents were completely aware of the tasks, they approached reward/cost 

combinations more as sucrose concentration increased and this was supported by a significant 

main effect of sucrose concentration in the repeated measures ANOVA (Fig. 8a, RM ANOVA, p 

< 0.0001) and less as light intensity increased (Fig 8b, RM ANOVA, p < 0.0001). Analyzing 

approach rate across a spectrum of cost (light intensity) revealed context-dependent decision-

making. The acceptance rate of rewards paired with 15 lux was approximately 80% when only 15 

lux was presented, but significantly lower in sessions with trials of higher light intensities (Fig. 7, 

p < 0.0001 from Bayesian analysis). Also, Post-hoc analysis indicated significant sex differences 

at 15 lux (p = 0.0006), 240 lux (p = 0.0002), and 260 lux (p = 0.0002). However, there was no 

overall main effect of sex on approach rate (RM ANOVA, p = 0.8). 
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Figure 7: Approach rate for all 

the rewards and costs together. 

 

A Bayesian analysis was conducted 

to assess the approach rate of 15 lux 

offers across sessions with varying 

maximum light intensities. The 

analysis revealed a significant 

effect of light intensity on approach 

rate (p < 0.0001). There were 

significant sex differences at 15 lux 

(p = 0.0006), 240 lux (p = 0.0002), 

and 260 lux (p = 0.0002).  

 

 

                     

 

Fig. 8: Reward-cost combination task. 

a. As the sucrose concentration increased, both sexes showed an increase in approach rates 

towards the reward. There was no significant main effect of sex (p = 0.06) but effect of 

sucrose concentration was significant(RM ANOVA, ***p < 0.0001). 

b. As light intensity increased, the approach rate decreased (****p < 0.0001). There was no 

significant effect of sex on approach rate as light intensity increased (p = 0.153). 
 

 

From all the 3 tasks we have observed that on an average the females took less time to learn any 

of the tasks compared to the males and started showing their decision-making behavior more 

prominently by being more responsive to the decision-making tasks. One thing was obvious from 
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the tasks that even during learning a new task and making decision under normal circumstances or 

under conditions or context depended decision-making, sex difference persists.  

 

We pinpointed some features to extract and study individual as well as group (male vs female) 

decision-making from the data obtained during behavioral trials. These features include metrics 

such as speed, orientation, and position. Behavioral features can be analyzed in various ways. 

When examined by cost and reward level, some sex differences were observed. Females traveled 

further than males (RM ANOVA ##p = 0.003, Fig. 9a), while males had more high-speed runs 

(RM ANOVA ##p = 0.002, Fig. 9b). Other features showed no significant sex differences (Fig. 

9c-e). Across both sexes, the number of high-speed runs increased with sucrose concentration (RM 

ANOVA p < 0.0001, Fig. 9b), while approach time (RM ANOVA p = 0.0008, Fig. 9c) and 

proportion of trial outside all reward zones (RM ANOVA p < 0.0001, Fig. 9d) decreased as sucrose 

concentration increased.  

 

 

 

 

 

 

 

 

 

 

 



38 
 

   

                         a.                                          b. 

                                
       c.                                          d.                                             e. 

        
 

 

Figure 9: Behavioral features examined for decision-making study.  

Males and females exhibit distinct patterns in time and movement dynamics from the start of 

a trial to decision-making. 

a. Males traveled shorter distances than females showing significant sex differences , ##p = 

0.003) with no significant effect of sucrose concentration (p = 0.089). 

b. The number of high-speed runs increased as sucrose concentration increased (****p < 

0.0001). Males had significantly more high-speed runs than females (##p = 0.002). 

c. Both male and female rats entered the reward zone faster with higher sucrose 

concentration(***p = 0.0008), but there was no sex difference. 

d. Rats spent less time in the center of the maze and more time in a reward zone with higher 

sucrose concentration (****p < 0.0001), with no significant effect of sex  

e. Stopping points were unaffected by sucrose concentration (p = 0.98) or sex (p = 0.16).  

# Indicates a significant effect of sex (# ≤ 0.05, ## ≤ 0.01, ### ≤ 0.001, #### ≤ 0.0001). 
 

 
We allowed the rats to freely interact with various reward/cost combinations to show decision-

making behavior. This enabled us to have a detailed examination of the interactions between 

reward, cost, and behavior during decision-making. When we plotted behavioral features against 

sucrose concentration it presented two major psychometric shapes. After creating curves from 23 

rats' behavioral sessions, 75.47% were sigmoidal, 9.93% were parabolic (inverted-U), and 

14.62% were undefined (Fig. 10a).  
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Each sigmoid function was described by three parameters: 'Shift' (horizontal distance from the y-

axis), 'slope' (linear aspect of the sigmoid), and 'max' (upper limit of the sigmoid) (Fig. 10b-c). We 

further examined variability in decision-making behavior across animals by comparing how reward 

and cost impacted different behavioral features (distance traveled, number of stops, etc.). This 

analysis allowed for the identification of decision-making sub-populations with similar behavioral 

preferences. This detailed analysis highlighted the 'constrained heterogeneity' of decision-making 

behaviors across individuals, which may parallel the dimensionality reduction observed in 

neuronal activity patterns(Bar-Gad, Morris, and Bergman 2003; CDC/NCHS n.d.). 

 

                     a.      

                    
                                    b.                                   c. 

                                   

  

Figure 10: Functions that can be clustered to identify individual decision-making 

strategies. 

a. For each individual session, we plotted sucrose concentration (SC) against one of the 

behavioral features (such as distance traveled, number of stops, number of rotations, reaction 

time, or choice). We observed that all plots could be best fit with one of two distinct shapes: 

sigmoid (left) or parabolic (middle). Some plots (error greater than 0.4 r2) did not fit either 

function and were classified as 'undefined' (right). Out of 1491 sessions (from 23 rats), 75.45% 

showed sigmoidal patterns, 9.93% showed parabolic patterns, and 14.62% were undefined. 

These were defined as three distinct decision-making patterns. Sigmoidal curves (b-c) were 

characterized by sigmoidal shift, slope, and maximum value.  
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Aim 2:  Understanding the effect of drugs of abuse-oxycodone in altered decision-making 

behavior. 

Substance use impacts decision-making in humans(Bechara 2005) and is important to understand 

given that unusual cost-benefit decision-making may contribute to the choice to pursue drug 

rewards. Given that opioid overdose deaths increased 14% from 2020 to 2021(CDC/NCHS n.d.), 

it is increasingly important to develop decision-making tasks that can quantify and explore the 

neural substrates of altered decision-making that accompany substance use. 

 

We wanted to observe decision-making before, during, and after opioid (Oxycodone) and compare 

how substance abuse decision-making is different from normal decision-making. For this 

experiment rats (experimental males = 6, females = 6, control males = 11, females = 12) were 

habituated and introduced to the reward/cost association tasks and trained on the low-cost cost-

benefit decision-making tasks and went under surgery (Materials and Methods). After that they 

were exposed to oxycodone self-administration for 14 days in an operant chamber. On average, 

rats self-administered 3.99mg/session (females: 5.6mg/session; males: 2.7mg/session). After three 

to four hours of self-administration, rats were run on our cost-benefit decision making. After the 

14-day self-administration period, rats entered a period of forced abstinence in which they 

continued to be tested on our cost-benefit decision-making task. Throughout, their performance 

was compared to the control group of rats who were trained and performed the same tasks without 

any manipulations (more details in Materials and Methods). 

 

Gender difference for choice and cost-benefit is critically important. Addiction has severe impact 

on both men and women. Despite the existing gender difference, there is surprisingly no study 
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focusing on sex differences associated with cost-benefit decision-making in disorders like 

addiction. While looking at the decision-making under the influence of oxycodone, we observed 

sex differences as well. 

The opioid we used for this experiment is Oxycodone which is the most preferable opioid in the 

US making it one of the most abused drugs. Looking at the psychometric function shapes in Fig. 

11 we see that the first graph is of a “normal” nondrug addicted animal. The animal choices are 

linear, increasing with the concentration of the sucrose solution. After 3 days of drug 

administration, we began to see the abnormal psychometric functions- a) Step function: Animal 

ignores concentration of reward, b) Devaluation: Animal chooses reward equally and c) Cognitive 

impairment: Not based on concentration.  

While the animal was non addicted it was possible to see some days of abnormal psychometric 

function, but once opioid administration was introduced the animal had more days of abnormal 

functions rather than normal.  

  

    

  Figure 11: Shapes of psychometric functions. 

In the oxycodone experiment we observed shift from normal psychometric function to abnormal 

psychometric function (Step function, Devaluation and Cognitive impairment) with the administration 

of oxycodone.  
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We pinpointed some features to extract and study individual as well as group (male vs female) 

decision-making from the data obtained during behavioral trials. These features include metrics 

such as speed, orientation, and position. Behavioral features can be analyzed in various ways. We 

further examined variability in decision-making behavior across animals by comparing how 

reward and cost impacted different behavioral features (distance traveled, number of stops, etc.). 

This analysis allowed for the identification of decision-making sub-populations with similar 

behavioral preferences. 

During the 14 days of oxycodone self-administration,  we tried to focus on decision-making 

behavioral features (Materials and Methods) within sex (control vs experimental) as well as any 

possibilities of sex differences. And we found that when considering the feature “approach rate” 

there was a decline in sex differences [Fig. 12a p = 0.17, Sex X Condition interaction, *p = 0.04, 

Sex X Concentration interaction (Oxy or Con) interaction; p > 0.05 for all post-hoc comparisons 

between Female-oxy and Male-oxy for each sucrose concentration]. 

For “approach time” there was no significant sex difference (Fig. 12d, main effect of sex, p = 

0.0315; Sex X Condition interaction, p = 0.3). 

The feature “distance traveled” showed an increase in the distance traveled by males but a decrease 

in case of females (Fig. 12b, Sex X Condition interaction, p < 0.0001, n-way RM ANOVA).  

Next, in the feature “high speed runs” oxycodone increased the high-speed runs for females but 

decreased for males (Fig. 12c, Sex X Condition interaction, p < 0.000, n-way RM ANOVA ). 

Subsequently, for the feature “time spent in reward zones” we saw significant interaction only 

between sex and condition (Fig. 12e, Sex X Condition interaction, p = 0.0005 n-way RM 

ANOVA). 
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Lastly, for “the number of stopping points” feature as well had significant interaction only between 

sex and condition (Fig. 12f, Sex X Condition interaction, p < 0.0001, n-way RM ANOVA).  

 

So, all together we can conclude that, oxycodone self-administration had an impact on decision-

making behavior within each sex, and significantly altered sex differences in cost-benefit decision-

making. 

 

 

 

     a.                                           b.                                         c. 

     
     d.                                       e.                                              f. 

     
 

Figure 12: Behavior features during oxycodone self-administration. 

 

a. Oxycodone self-administration produced a unique set of sex differences in decision-making that 

differed from those observed in the control group (p = 0.17, Sex X Condition interaction, *p = 0.04, 

Sex X Concentration interaction).  

b. Whereas oxycodone increased the distance traveled for males, it decreased the distance traveled for 

females (p < 0.0001, Sex X Condition interaction).  

c. Similarly, oxycodone increased the high-speed runs for females, while decreasing them for males 

(p < 0.0001, Sex X Condition interaction). 

Oxycodone self-administration 14 days 
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d. Approach time during the self-administration task changed significantly between sexes 

(#p = 0.0315), mainly due to spikes seen in males at certain sucrose concentrations (0.5%, 

5%). Concentration did not have a significant effect, and there were no significant 

interactions between sex, concentration, and condition. 

e. The proportion of trials outside the feeder zone did not show significant interactions 

between concentration or sex. The only significant interaction detected was between sex and 

condition (p = 0.0005). 

f. The number of stopping points did not show significant effects of concentration or sex. 

There were no significant main effects when compared to the control group, but there was a 

significant interaction between sex and condition (p < 0.0001). 
 

 

 

After 30 days of abstinence, we tried to look at the behavioral features again to find similarities 

and differences with pre-oxycodone levels. 

  

The behavioral feature “approach rate” went back to pre-oxycodone level with no significant sex 

differences (Fig. 13a condition, ++p = 0.0016; Condition X Sucrose Concentration interaction, 

****p < 0.0001). No sex differences were observed in the Oxy group for any reward level (post-

hoc, p < 0.08 for all points). 

“Distance traveled” showed sex differences after 30 days of abstinence. Males travelled significant 

distance, but females returned to pre-oxycodone level.  (Fig. 13b, p = 0.0093 and p = 0.4449 

respectively, Sex X Condition interaction, p = 0.0165 n-way RM ANOVA). And there was 

significance in concentration (****p < 0.0001) and condition (++++p < 0.0001) effects. 

“High-speed runs” showed return to pre-oxycodone level for both sexes (Fig. 13c, **p = 0.0057 

effect of concentration, p = 0.0853 effect of oxycodone, p = 0.0506 effect of sex, and p = 0.2045 

Sex X condition interaction, n-way RM ANOVA). 

“Approach time” showed significant effect of sucrose concentration after abstinence (Fig. 13d, 

***p = 0.0003, n-way RM ANOVA). There were no significant interactions between the control 

group and the abstinence conditions.  
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 “Proportion of trial spent outside feeder zones” showed a decreasing trend with the increase in 

sucrose concentration but there were no significant interactions detected between conditions (Fig. 

13e, Sex, p = 0.0063 and concentration ***p = 0.0006, n-way RM ANOVA). 

“Number of stopping points” remained insignificant across concentration and sex for the 

experimental group (Fig. 13f, Sex X Condition interaction, p = 0.7). However, when compared to 

the control group, there were significant main effects of sex (###p = 0.0005) and condition (++p 

= 0.006, n-way RM ANOVA), with no significant interactions between sex, condition, or 

concentration 

 

So, altogether 14 days of oxycodone abstinence had an impact on decision-making behavior within 

each sex in terms of approach rate, approach time, high speed runs, and significantly altered sex 

differences in distance travelled and proportion of trial spent outside feeder zones. 

 

 

 

 

  

        a.                                            b.                                          c. 

       
       d.                                         e.                                              f.                                     

Oxycodone abstinence 30 days 
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Figure 13: Behavior features during oxycodone abstinence. 

 
After 30 days of abstinence, behavioral features altered by oxycodone shift towards pre-oxycodone values for 

both males and females but remain impacted by prior self-administration.  

a. The approach rate remained significantly different between the OXY and CON conditions (condition, ++p = 

0.0016; Condition X Sucrose Concentration interaction, ****p < 0.0001).  

b. For females, the distance traveled returned to pre-oxycodone levels, but males still showed significantly 

greater distance traveled during abstinence (p = 0.4449 and p = 0.0093 respectively, Sex X Condition interaction, 

p = 0.0165). Concentration (****p < 0.0001) and condition (++++p < 0.0001) effects were significant.  

c. In contrast, the number of high-speed runs returned to pre-oxycodone levels for both sexes (**p = 0.0057 

effect of concentration, p = 0.0853 effect of oxycodone, p = 0.0506 effect of sex, and p = 0.2045 Sex X condition 

interaction). 

d. The effect of sucrose concentration, which was not significant during oxycodone self-administration, 

became significant again after abstinence (***p = 0.0003).  

e. The proportion of the trial spent outside all feeder zones decreased as sucrose concentration increased, with 

no significant interactions detected between conditions. The main effects of sex (p = 0.0063) and concentration 

(***p = 0.0006) became significant between baseline and abstinence groups. 

f. When comparing abstinence groups, the number of stopping points remained insignificant across 

concentration and sex. However, when compared to the control group, there were significant main effects of 

sex (###p = 0.0005) and condition (++p = 0.006). 
 

Besides looking at the decision-making behavioral features within and across the sex we tried to  

characterize the decision-making profile of subjects in the population and individually. In Fig. 14 

we can see that when we analyzed the frequency of sigmoidal data for approach rate for control 

group, experimental oxycodone self-administration group and abstinence group we found that 

oxycodone significantly reduced the percent of session with sigmoidal psychometric functions 

compared to control and abstinence groups (CON ~90%, Self-admin~40%, abstinence ~55%) 

(one-way ANOVAs: female CON vs female Self-admin and male CON vs male Self-admin, ****p 
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< 0.0001, female CON vs female Abstinence, p = 0.01; male CON vs male Abstinence, ***p = 

0.0003). 

 

   

 

  
 

 
 

Figure 14: Comparison of control, 

oxycodone, and abstinence group’s 

sigmoidal psychometric function. 

  

After analyzing the frequency of sigmoidal 

data for the approach rate measure, we 

found that oxycodone significantly reduced 

the percent of session with sigmoidal 

psychometric functions (CON ~90% vs 

Self-admin~40%). After 30 days of 

abstinence from oxycodone, sigmoid 

frequency recovered to ~55% but was still 

significantly lower than the levels observed 

in controls (female CON vs female 

Abstinence, p = 0.01; male CON vs male 

Abstinence, ***p = 0.0003). 

 

 

Next we tried to compare sigmoid session frequency across individual rats level. We observed the 

effect of oxycodone self-administration in all the rats but there was significant inter-individual 

variation (ranging from 25-65%, Fig. 15a).  

 

Examination of the correlation between the amount of oxycodone self-administered and the 

percentage of sessions that generate sigmoid shaped functions indicated that greater oxycodone 

consumption led to lower numbers of sessions with sigmoid shaped functions (Fig. 15b, r = -0.8, 

n= 11).   
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   a.                                                                                                b. 

                                                     

 

Figure 15: Sigmoid session frequency in individual level and correlation. 

 

a. Frequency of individual sigmoid shapes observed in both control and oxycodone 

conditions. 

b. Correlation between the amount of oxycodone self-administered and the frequency of 

sigmoid shapes. One rat's opioid self-administration data was not recorded due to technical 

issues. 
 

 

Next we focused on looking at if there were any behavioral shifts after oxycodone self-

administration and for that we used radar plots. Rader plots are easy to identify any behavioral 

shifts between prior oxy and during oxycodone administration across all the behavioral features 

together.  

 

We created individual radar plots comparing baseline cluster probabilities to the last week of 

oxycodone self-administration (Fig. 16) illustrating  the behavioral clusters of two individual rats, 

showing varying degrees of changes in Euclidean distances before and after oxycodone self-

administration performance as a representation of all the rats. Rats showed moderate to significant  

changes in cluster probabilities where arrows indicated large shifts. 
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Briefly, the oxycodone self-administration experiment revealed that both self-administration and 

abstinence from oxycodone impacted decision-making behavior within each sex and significantly 

altered sex differences in cost-benefit decision-making. Oxycodone notably reduced the 

percentage of sessions with sigmoidal psychometric functions compared to the control and 

abstinence groups. Additionally, the radar plots indicated moderate to significant changes in cluster 

probabilities, demonstrating shifts in behavioral features and decision-making under the influence 

of oxycodone. 

 

 

 

  a.                                            

     
  b. 

     
 

 

Figure 16: Radar plots 

showing shifts in behavioral 

features pre and during 

oxycodone self-

administration.  

 

A radar plot illustrates the 

distribution of clusters, 

comparing baseline and 

oxycodone conditions.  

 

a. Some rats show minor 

changes in Euclidean distance.  

b. other rats exhibit more 

pronounced changes. An 

arrow indicates a feature that 

has shifted. 
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Aim 3: Understanding the effect of drugs of abuse-alcohol in altered decision-making 

behavior. 

 

Continued alcohol consumption causes problems in individuals like poor decision(American 

Psychiatric Association 2013). While the majority of the referenced studies involved male 

subjects, fewer than half included female subjects, and none were exclusively focused on females. 

So, we wanted to see the effect of alcohol using our behavioral features in cost-benefit decision-

making in individual level as well as across sex. 

 

At first we introduced a substance of abuse-alcohol into an approach-avoid decision-making 

scenario where the rats ( Control M = 11, F = 12, Experimental M = 10, F = 12) were free to self-

administer as much, or as little alcohol as wanted during a session. We followed the same cost-

benefit decision-making task pattern (Materials and Methods)  for this experiment as well, but 

the difference was alcohol was mixed with sucrose solutions to make solutions with inverse 

concentrations of the two substances: 0.5% sucrose and 20% alcohol, 2% sucrose and 10% alcohol, 

5% sucrose and 2% alcohol, and 9% sucrose and 0.5%.  

 

We analyzed our behavioral features like approach rate, approach time, distance travelled, number 

of high-speed runs and stopping points. For a better view of any changes in the decision-making 

behavior due to alcohol exposure we separated the total 9 weeks of decision-making trials into first 

half and last half as week 1-3 performance and week 6-9 performance respectively and compared 

them for different behavioral features.  
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The feature “approach rate” (Fig. 17a) showed that during the 1-3 weeks of task performance the 

rats approached higher sucrose concentrations more than the lower sucrose concentrations, as 

higher sucrose concentration contained lowest alcohol amount and the lowest sucrose 

concentration had the highest alcohol content (sucrose concentration, ****p < 0.0001), with no 

differences observed between sexes (sex, p = 0.4). Nevertheless, despite ethanol's unpleasant 

properties(Anderson, Varlinskaya, and Spear 2010; Pautassi et al. 2011), the approach rate was 

significantly higher for the alcohol task compared to the control group (Condition X Concentration 

interaction, p = 0.0025). After 6-9 weeks of task performance (Fig. 17b), females showed more 

approach rate compared to males (0.044, sex X concentration, n-way RM ANOVA). All other 

behavioral features, like “approach time”, “number of high-speed runs”, “distance travelled” had 

no significant interactions across initial and late task performance (Fig. 17c-h) 

 

  a.                                     b.                                  c.                                 d. 

          
 e.                                      f.                                  g.                                h. 

     

 

Figure 17: Effect of alcohol in behavioral features. 

a. During the initial performance of the alcohol trade-off task, male and female rats consistently 

accepted offers with 5% and 9% sucrose while rejecting those with 0.5% and 2% sucrose 
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(concentration, ****p < 0.0001), with no differences observed between sexes (sex, p = 0.4). However, 

rats exposed to alcohol exhibited significantly higher approach rates (task type, +p = 0.0178; group X 

sucrose concentration interaction, p = 0.0025). 

b. After nine weeks of task performance, all three main effects were significant (sex ##p = 0.0015, 

condition ++p = 0.01, concentration ****p < 0.0001). The interaction between sex and sucrose 

concentration was also significant, with females accepting more than males and the control group 

overall (p = 0.044). Females approached significantly more than males (p = 0.03) when considering 

both initial and later alcohol task performance groups. 

c. Approach time recorded during the initial (first 3 weeks) task performance showed a significant main 

effect of concentration (p < 0.0001), but no other significant interactions when compared to the control 

group (sex X condition: p = 0.254, sex X concentration: p = 0.2729, task type X concentration: p = 

0.7127) or main effects (sex = 0.9775, task type = 0.4457). 

d. Approach time after prolonged (6-9 weeks) alcohol trade-off task performance continued to show no 

significant main effects or interactions when compared to the control group. However, there was still a 

significant response to concentration among the alcohol group (p < 0.0001). 

e-f. For both the initial and later stages of task performance, the number of high-speed runs 

showed no significant interactions for sucrose concentration or sex within the alcohol groups. 

However, there was a notable effect of condition when comparing alcohol and control groups 

(a: ++p = 0.0028, b: ++p = 0.0031), as well as a significant effect of sex (a: p = 0.0003, b: p 

< 0.0001). 

g-h. The distance covered during both initial (###p = 0.0004) and later stages (#p = 0.045, RM 

ANOVA) of task performance was significantly different between sexes, with females 

traveling greater distances than males, and an overall effect of condition (++++p < 0.0001). 

There were no significant interactions when comparing initial or late task performance with 

the control group. 
 

 

Next, we looked at proportion of sessions with sigmoidal psychometric functions and there was 

no significant impact of alcohol exposure as there was no significant changes between control and 

alcohol groups and no sex differences as well (Fig. 18 one-way ANOVA: male control n = 10 vs. 

male alcohol n = 10, p = 0.36; female control n = 12 vs. female alcohol n = 10, p = 0.08).  

 

We created radar plots which brings all the behavioral features together to have a better 

identification of the features affected/shifted more after alcohol exposure as well the individuals 

who are resilient or vulnerable to the impact of alcohol exposure (Fig. 19).  
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Figure 18: Sigmoidal psychometric 

function and clusters. 

The alcohol trade-off task did not 

significantly affect the sigmoid 

frequency, which is defined as the 

proportion of sessions where the 

approach rate data fit a sigmoid curve 

rather than a parabolic or undefined 

curve. 

 

 

 a.            Resilient                    b.      Mildly vulnerable                 c.  Strongly vulnerable                            

                                                                                              
                                                               

                                                         

 

Figure 19: Radar plots showing resilient and vulnerable population 

a-c. Radar plots comparing baseline and alcohol conditions illustrate the behavioral clusters 

of three individual rats, showing varying degrees of changes in Euclidean distances before 

and after alcohol trade-off task performance. Some rats maintained consistent cluster 

probabilities (e.g., left, low), some experienced moderate shifts in cluster probabilities 

(middle), while others showed significant changes in cluster probabilities, as measured by 

Euclidean distances. Arrows indicate large shifts. 
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Briefly, the alcohol experiment revealed that alcohol dependence/addiction impacted decision-

making behavior of the female rats and significantly altered sex differences in cost-benefit 

decision-making. The alcohol trade-off task did not significantly affect the percentage of sessions 

with sigmoidal psychometric functions compared to the control group. Additionally, the radar plots 

indicated moderate to significant changes in cluster probabilities, demonstrating shifts in 

behavioral features and decision-making under the influence of alcohol indicating resilient, mildly 

vulnerable and heavily affected population. 
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E. Discussion 

From our experiments we did see the rodents when presented with a combination of reward-cost 

options, show changes in decision across different levels of rewards and costs and we could also 

pinpoint when exactly the changes started. We were also able to observe changes in decision-

making behavior both in an individual level, across sex and across groups as well. 

 

We observed differences in decision-making behavior using different experimental protocols like 

oxycodone self-administration and alcohol trade-off. We generated psychometric functions and 

clusters which helped identify subjects resilient or susceptible to disorders. The clusters and 

psychometric functions quantified both decision-making and its connected behaviors, changes in 

these before, during, and after the beginning of a disorder could indicate the disorder's influence 

on a subject.  

 

Our data revealed significant heterogeneity among individuals in how oxycodone self-

administration and abstinence affect decision-making. Though the average psychometric function 

across abstinent individuals was sigmoidal, this was misleading because about 50% of all sessions 

during abstinence did not follow a sigmoidal relationship between approach and reward value. 

 

Unlike the oxycodone experiment we provided rats with four different amounts of alcohol solution 

to choose from during decision-making trials and we identified that unlike oxycodone self-

administration, there was no significant impact of alcohol exposure on the proportion of sessions 

with sigmoidal psychometric functions but, similarly to oxycodone, the percentage of sessions 

distributed across clusters seemed to vary greatly between the control group and the alcohol group.  



56 
 

We could see significant sex differences with females approaching rate higher than males 

indicating females getting used to/addicted to alcohol faster and more than males. 

 

We saw from the radar plots that when the clusters were compared between baseline and during 

alcohol exposure some rats have similar clusters from before and during alcohol exposure which 

indicated resilient population and some rats showed slightly shifted clusters during alcohol 

exposure who were considered mildly vulnerable and then greater shift in the clusters indicated 

highly vulnerable population. Thus, our experiment demonstrated that individual rats are 

differentially sensitive to the impact of alcohol on decision-making. 
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F. Conclusion 

 

This dissertation has provided significant insights into approach-avoid decision-making processes 

in rodent models, with a focus on how substances like oxycodone and alcohol influence these 

processes. By employing the Reward-Cost Rodent Decision-making (RECORD) system  software, 

we have been able to understand the complex relationship between costs and rewards that underline 

decision-making behaviors. The findings reveal significant sex differences in decision-making 

strategies post-oxycodone administration and during abstinence, highlighting the ways in which 

addiction and withdrawal impact behavior differently across genders.  

 

 

 

 

 

 

 

 

 

 

 

 



58 
 

G. References 

1. Abdolahi, Amir, Glen Acosta, Florence J. Breslin, Scott E. Hemby, and Wendy J. Lynch. 

2010. “Incubation of Nicotine Seeking Is Associated with Enhanced Protein Kinase A-

Regulated Signaling of Dopamine- and cAMP-Regulated Phosphoprotein of 32 kDa in 

the Insular Cortex.” The European Journal of Neuroscience 31(4):733–41. doi: 

10.1111/j.1460-9568.2010.07114.x. 

2. Altshuler, Rachel D., Eddy S. Yang, Kristine T. Garcia, Ian R. Davis, Adedayo Olaniran, 

Meron Haile, Syrus Razavi, and Xuan Li. 2021. “Role of Orbitofrontal Cortex in 

Incubation of Oxycodone Craving in Male Rats.” Addiction Biology 26(2):e12927. doi: 

10.1111/adb.12927. 

3. Amemori, Satoko, Ann M. Graybiel, and Ken-ichi Amemori. 2021. “Causal Evidence for 

Induction of Pessimistic Decision-Making in Primates by the Network of Frontal Cortex 

and Striosomes.” Frontiers in Neuroscience 15:649167. doi: 10.3389/fnins.2021.649167. 

4. American Psychiatric Association. 2013. Diagnostic and Statistical Manual of Mental 

Disorders. Fifth Edition. American Psychiatric Association. 

5. Amodeo, Leslie R., Derek N. Wills, Manuel Sanchez-Alavez, William Nguyen, Bruno 

Conti, and Cindy L. Ehlers. 2018. “Intermittent Voluntary Ethanol Consumption 

Combined with Ethanol Vapor Exposure during Adolescence Increases Drinking and 

Alters Other Behaviors in Adulthood in Female and Male Rats.” Alcohol 73:57–66. doi: 

10.1016/j.alcohol.2018.04.003. 

6. Anderson, Rachel I., Elena I. Varlinskaya, and Linda P. Spear. 2010. “Ethanol‐Induced 

Conditioned Taste Aversion in Male Sprague‐Dawley Rats: Impact of Age and Stress.” 

Alcoholism: Clinical and Experimental Research 34(12):2106–15. doi: 10.1111/j.1530-

0277.2010.01307.x. 

7. Aupperle, R. L., and M. P. Paulus. 2010. “Neural Systems Underlying Approach and 

Avoidance in Anxiety Disorders.” Dialogues Clin Neurosci 12(4):517–31. 

8. Bar-Gad, Izhar, Genela Morris, and Hagai Bergman. 2003. “Information Processing, 

Dimensionality Reduction and Reinforcement Learning in the Basal Ganglia.” Progress 

in Neurobiology 71(6):439–73. doi: 10.1016/j.pneurobio.2003.12.001. 

9. Barker, Jacqueline M., and Jane R. Taylor. 2019. “Sex Differences in Incentive 

Motivation and the Relationship to the Development and Maintenance of Alcohol Use 

Disorders.” Physiology & Behavior 203:91–99. doi: 10.1016/j.physbeh.2017.09.027. 

10. Baumeister, R. F., and M. R. Leary. 1995. “The Need to Belong: Desire for Interpersonal 

Attachments as a Fundamental Human Motivation.” Psychological Bulletin 117(3):497–

529. 

11. Beardsley, Patrick M., Mario D. Aceto, Charles D. Cook, Edward R. Bowman, Jennifer 

L. Newman, and Louis S. Harris. 2004. “Discriminative Stimulus, Reinforcing, Physical 



59 
 

Dependence, and Antinociceptive Effects of Oxycodone in Mice, Rats, and Rhesus 

Monkeys.” Experimental and Clinical Psychopharmacology 12(3):163–72. doi: 

10.1037/1064-1297.12.3.163. 

12. Bechara, A., A. R. Damasio, H. Damasio, and S. W. Anderson. 1994. “Insensitivity to 

Future Consequences Following Damage to Human Prefrontal Cortex.” Cognition 50(1–

3):7–15. doi: 10.1016/0010-0277(94)90018-3. 

13. Bechara, Antoine. 2005. “Decision Making, Impulse Control and Loss of Willpower to 

Resist Drugs: A Neurocognitive Perspective.” Nature Neuroscience 8(11):1458–63. doi: 

10.1038/nn1584. 

14. Bernhardt, Nadine, Stephan Nebe, Shakoor Pooseh, Miriam Sebold, Christian Sommer, 

Julian Birkenstock, Ulrich S. Zimmermann, Andreas Heinz, and Michael N. Smolka. 

2017. “Impulsive Decision Making in Young Adult Social Drinkers and Detoxified 

Alcohol-Dependent Patients: A Cross-Sectional and Longitudinal Study.” Alcoholism: 

Clinical and Experimental Research 41(10):1794–1807. doi: 10.1111/acer.13481. 

15. Best, John R., and Patricia H. Miller. 2010. “A Developmental Perspective on Executive 

Function.” Child Development 81(6):1641–60. doi: 10.1111/j.1467-8624.2010.01499.x. 

16. Bienkowski, Przemyslaw, Artur Rogowski, Agnieszka Korkosz, Pawel Mierzejewski, 

Katarzyna Radwanska, Leszek Kaczmarek, Anna Bogucka-Bonikowska, and Wojciech 

Kostowski. 2004. “Time-Dependent Changes in Alcohol-Seeking Behaviour during 

Abstinence.” European Neuropsychopharmacology: The Journal of the European 

College of Neuropsychopharmacology 14(5):355–60. doi: 

10.1016/j.euroneuro.2003.10.005. 

17. Blume, Arthur W., Karen B. Schmaling, and G. Alan Marlatt. 2005. “Memory, Executive 

Cognitive Function, and Readiness to Change Drinking Behavior.” Addictive Behaviors 

30(2):301–14. doi: 10.1016/j.addbeh.2004.05.019. 

18. Boileau, Isabelle, Jean-Marc Assaad, Robert O. Pihl, Chawki Benkelfat, Marco Leyton, 

Mirko Diksic, Richard E. Tremblay, and Alain Dagher. 2003. “Alcohol Promotes 

Dopamine Release in the Human Nucleus Accumbens.” Synapse (New York, N.Y.) 

49(4):226–31. doi: 10.1002/syn.10226. 

19. Bossert, Jennifer M., Eugene A. Kiyatkin, Hannah Korah, Jennifer K. Hoots, Anum 

Afzal, David Perekopskiy, Shruthi Thomas, Ida Fredriksson, Bruce E. Blough, S. Stevens 

Negus, David H. Epstein, and Yavin Shaham. 2020. “In a Rat Model of Opioid 

Maintenance, the G Protein-Biased Mu Opioid Receptor Agonist TRV130 Decreases 

Relapse to Oxycodone Seeking and Taking and Prevents Oxycodone-Induced Brain 

Hypoxia.” Biological Psychiatry 88(12):935–44. doi: 10.1016/j.biopsych.2020.02.014. 

20. Boyd, Stephen J., Ellie M. Sceeles, Susan F. Tapert, Sandra A. Brown, and Bonnie J. 

Nagel. 2018. “Reciprocal Relations between Positive Alcohol Expectancies and Peer Use 

on Adolescent Drinking: An Accelerated Autoregressive Cross-Lagged Model Using the 



60 
 

NCANDA Sample.” Psychology of Addictive Behaviors 32(5):517–27. doi: 

10.1037/adb0000371. 

21. Brady, Kathleen T., Sudie E. Back, and Scott F. Coffey. 2004. “Substance Abuse and 

Posttraumatic Stress Disorder.” Current Directions in Psychological Science 13(5):206–

9. doi: 10.1111/j.0963-7214.2004.00309.x. 

22. Broadwater, Margaret, Elena I. Varlinskaya, and Linda P. Spear. 2013. “Effects of 

Voluntary Access to Sweetened Ethanol During Adolescence on Intake in Adulthood.” 

Alcoholism: Clinical and Experimental Research 37(6):1048–55. doi: 

10.1111/acer.12049. 

23. Camchong, Jazmin, Michael Endres, and George Fein. 2014. “Decision Making, Risky 

Behavior, and Alcoholism.” Handbook of Clinical Neurology 125:227–36. doi: 

10.1016/B978-0-444-62619-6.00014-8. 

24. Campbell, Kevin W., Andrew T. Voss, Samuel F. Acuff, Kinsey Pebley, Kristoffer S. 

Berlin, Matthew P. Martens, Brian Borsari, Ashley A. Dennhardt, and James G. Murphy. 

2021. “Statistically Derived Patterns of Behavioral Economic Risk among Heavy-

Drinking College Students: A Latent Profile Analysis.” Experimental and Clinical 

Psychopharmacology 29(2):191–202. doi: 10.1037/pha0000420. 

25. Carroll, Marilyn E., Justin J. Anker, Jami L. Mach, Jennifer L. Newman, and Jennifer L. 

Perry. 2010. “Delay Discounting as a Predictor of Drug Abuse.” Pp. 243–71 in 

Impulsivity: The behavioral and neurological science of discounting., edited by G. J. 

Madden and W. K. Bickel. Washington: American Psychological Association. 

26. CDC/NCHS. n.d. “CDC/NCHS, National Vital Statistics System, Mortality. CDC 

WONDER, Atlanta, GA: US Department of Health and Human Services, CDC; 2019.” 

Https://Wonder.Cdc.Gov. 

27. Chartoff, Elena H., and R. Kathryn McHugh. 2016. “Translational Studies of Sex 

Differences in Sensitivity to Opioid Addiction.” Neuropsychopharmacology: Official 

Publication of the American College of Neuropsychopharmacology 41(1):383–84. doi: 

10.1038/npp.2015.272. 

28. Chassin, Laurie, Kenneth J. Sher, Andrea Hussong, and Patrick Curran. 2013. “The 

Developmental Psychopathology of Alcohol Use and Alcohol Disorders: Research 

Achievements and Future Directions.” Development and Psychopathology 25(4 Pt 

2):1567–84. doi: 10.1017/S0954579413000771. 

29. Chou, Kee-Lee, Corey S. Mackenzie, Kun Liang, and Jitender Sareen. 2011. “Three-Year 

Incidence and Predictors of First-Onset of DSM-IV Mood, Anxiety, and Substance Use 

Disorders in Older Adults: Results From Wave 2 of the National Epidemiologic Survey 

on Alcohol and Related Conditions.” The Journal of Clinical Psychiatry 72(02):144–55. 

doi: 10.4088/JCP.09m05618gry. 



61 
 

30. Cicero, Theodore J., Shawn C. Aylward, and Edward R. Meyer. 2003. “Gender 

Differences in the Intravenous Self-Administration of Mu Opiate Agonists.” 

Pharmacology, Biochemistry, and Behavior 74(3):541–49. doi: 10.1016/s0091-

3057(02)01039-0. 

31. Compton, Wilson M., Christopher M. Jones, and Grant T. Baldwin. 2016. “Relationship 

between Nonmedical Prescription-Opioid Use and Heroin Use.” The New England 

Journal of Medicine 374(2):154–63. doi: 10.1056/NEJMra1508490. 

32. Dao-Castellana, M. H., Y. Samson, F. Legault, J. L. Martinot, H. J. Aubin, C. Crouzel, L. 

Feldman, D. Barrucand, G. Rancurel, A. Féline, and A. Syrota. 1998. “Frontal 

Dysfunction in Neurologically Normal Chronic Alcoholic Subjects: Metabolic and 

Neuropsychological Findings.” Psychological Medicine 28(5):1039–48. doi: 

10.1017/s0033291798006849. 

33. De La Crompe, Brice, Megan Schneck, Florian Steenbergen, Artur Schneider, and Ilka 

Diester. 2023. “FreiBox: A Versatile Open-Source Behavioral Setup for Investigating the 

Neuronal Correlates of Behavioral Flexibility via 1-Photon Imaging in Freely Moving 

Mice.” eNeuro 10(4):ENEURO.0469-22.2023. doi: 10.1523/ENEURO.0469-22.2023. 

34. De Visser, Leonie. 2011. “Rodent Versions of the Iowa Gambling Task: Opportunities 

and Challenges for the Understanding of Decision-Making.” Frontiers in Neuroscience 5. 

doi: 10.3389/fnins.2011.00109. 

35. Diamond, Adele. 2013. “Executive Functions.” Annual Review of Psychology 64:135–68. 

doi: 10.1146/annurev-psych-113011-143750. 

36. Eckardt, M. J., S. E. File, G. L. Gessa, K. A. Grant, C. Guerri, P. L. Hoffman, H. Kalant, 

G. F. Koob, T. K. Li, and B. Tabakoff. 1998. “Effects of Moderate Alcohol Consumption 

on the Central Nervous System.” Alcoholism, Clinical and Experimental Research 

22(5):998–1040. doi: 10.1111/j.1530-0277.1998.tb03695.x. 

37. Endrass, Tanja, and Markus Ullsperger. 2021. “Decision-Making as Transdiagnostic 

Construct for Mental Health Research.” Neuron 109(12):1912–14. doi: 

10.1016/j.neuron.2021.05.035. 

38. Erk, Susanne, Manfred Spitzer, Arthur P. Wunderlich, Lars Galley, and Henrik Walter. 

2002. “Cultural Objects Modulate Reward Circuitry:” NeuroReport 13(18):2499–2503. 

doi: 10.1097/00001756-200212200-00024. 

39. Evans, H. L. 1971. “Rats’ Activity: Influence of Light-Dark Cycle, Food Presentation 

and Deprivation.” Physiology & Behavior 7(4):455–59. doi: 10.1016/0031-

9384(71)90094-1. 

40. Fairbairn, Catharine E., and Michael A. Sayette. 2013. “The Effect of Alcohol on 

Emotional Inertia: A Test of Alcohol Myopia.” Journal of Abnormal Psychology 

122(3):770–81. doi: 10.1037/a0032980. 



62 
 

41. Fein, G., L. Klein, and P. Finn. 2004. “Impairment on a Simulated Gambling Task in 

Long-Term Abstinent Alcoholics.” Alcoholism, Clinical and Experimental Research 

28(10):1487–91. doi: 10.1097/01.alc.0000141642.39065.9b. 

42. Flores-Bonilla, A. 2020. “Sex Differences in the Neurobiology of Alcohol Use Disorder.” 

Alcohol Research: Current Reviews 40(2):03. doi: 10.35946/arcr.v40.2.04. 

43. Forbes, Erika E., J. Christopher May, Greg J. Siegle, Cecile D. Ladouceur, Neal D. Ryan, 

Cameron S. Carter, Boris Birmaher, David A. Axelson, and Ronald E. Dahl. 2006. 

“Reward-Related Decision-Making in Pediatric Major Depressive Disorder: An fMRI 

Study.” Journal of Child Psychology and Psychiatry, and Allied Disciplines 

47(10):1031–40. doi: 10.1111/j.1469-7610.2006.01673.x. 

44. Fredriksson, Ida, Sarah V. Applebey, Angelica Minier-Toribio, Aniruddha Shekara, 

Jennifer M. Bossert, and Yavin Shaham. 2020. “Effect of the Dopamine Stabilizer (-)-

OSU6162 on Potentiated Incubation of Opioid Craving after Electric Barrier-Induced 

Voluntary Abstinence.” Neuropsychopharmacology: Official Publication of the American 

College of Neuropsychopharmacology 45(5):770–79. doi: 10.1038/s41386-020-0602-6. 

45. Fredriksson, Ida, Pei-Jung Tsai, Aniruddha Shekara, Ying Duan, Sarah V. Applebey, 

Hanbing Lu, Jennifer M. Bossert, Yavin Shaham, and Yihong Yang. 2021. “Orbitofrontal 

Cortex and Dorsal Striatum Functional Connectivity Predicts Incubation of Opioid 

Craving after Voluntary Abstinence.” Proceedings of the National Academy of Sciences 

118(43):e2106624118. doi: 10.1073/pnas.2106624118. 

46. Fredriksson, Ida, Pei-Jung Tsai, Aniruddha Shekara, Ying Duan, Sarah V. Applebey, 

Angelica Minier-Toribio, Ashley Batista, Jonathan J. Chow, Lindsay Altidor, Estelle 

Barbier, Carlo Cifani, Xuan Li, David J. Reiner, F. Javier Rubio, Bruce T. Hope, Yihong 

Yang, Jennifer M. Bossert, and Yavin Shaham. 2023. “Role of Ventral Subiculum 

Neuronal Ensembles in Incubation of Oxycodone Craving after Electric Barrier-Induced 

Voluntary Abstinence.” Science Advances 9(2):eadd8687. doi: 10.1126/sciadv.add8687. 

47. Friedman, A., D. Homma, L. G. Gibb, K. Amemori, S. J. Rubin, A. S. Hood, M. H. Riad, 

and A. M. Graybiel. 2015. “A Corticostriatal Path Targeting Striosomes Controls 

Decision-Making under Conflict.” Cell 161(6):1–14. 

48. Friedman, A., E. Hueske, S. M. Drammis, S. E. Toro Arana, E. D. Nelson, C. W. Carter, 

S. Delcasso, R. X. Rodriguez, H. Lutwak, K. S. DiMarco, Q. Zhang, L. I. Rakocevic, D. 

Hu, J. K. Xiong, J. Zhao, L. G. Gibb, T. Yoshida, C. A. Siciliano, T. J. Diefenbach, C. 

Ramakrishnan, K. Deisseroth, and Graybiel A. M. 2020. “Striosomes Mediate Value-

Based Learning Vulnerable in Age and Huntington’s Model.” Cell 183(4):918-934.e49. 

49. Friedman, Alexander, Daigo Homma, Bernard Bloem, Leif G. Gibb, Ken-Ichi Amemori, 

Dan Hu, Sebastien Delcasso, Timothy F. Truong, Joyce Yang, Adam S. Hood, Katrina A. 

Mikofalvy, Dirk W. Beck, Norah Nguyen, Erik D. Nelson, Sebastian E. Toro Arana, 

Ruth H. Vorder Bruegge, Ki A. Goosens, and Ann M. Graybiel. 2017. “Chronic Stress 

Alters Striosome-Circuit Dynamics, Leading to Aberrant Decision-Making.” Cell 

171(5):1191-1205.e28. doi: 10.1016/j.cell.2017.10.017. 



63 
 

50. Gamble, Meredith E., and Marvin R. Diaz. 2020. “Moderate Adolescent Ethanol Vapor 

Exposure and Acute Stress in Adulthood: Sex-Dependent Effects on Social Behavior and 

Ethanol Intake in Sprague–Dawley Rats.” Brain Sciences 10(11):829. doi: 

10.3390/brainsci10110829. 

51. Garcia, Christian C., Ben Lewis, Jeff Boissoneault, and Sara Jo Nixon. 2020. “Effects of 

Age and Acute Moderate Alcohol Consumption on Electrophysiological Indices of 

Attention.” Journal of Studies on Alcohol and Drugs 81(3):372–83. doi: 

10.15288/jsad.2020.81.372. 

52. García-Burgos, David, Felisa González, Tatiana Manrique, and Milagros Gallo. 2009. 

“Patterns of Ethanol Intake in Preadolescent, Adolescent, and Adult Wistar Rats under 

Acquisition, Maintenance, and Relapse-like Conditions.” Alcoholism, Clinical and 

Experimental Research 33(4):722–28. doi: 10.1111/j.1530-0277.2008.00889.x. 

53. Gilman, Jodi M., Vijay A. Ramchandani, Megan B. Davis, James M. Bjork, and Daniel 

W. Hommer. 2008. “Why We like to Drink: A Functional Magnetic Resonance Imaging 

Study of the Rewarding and Anxiolytic Effects of Alcohol.” The Journal of 

Neuroscience: The Official Journal of the Society for Neuroscience 28(18):4583–91. doi: 

10.1523/JNEUROSCI.0086-08.2008. 

54. Gleichgerrcht, E., A. Ibanez, M. Roca, T. Torralva, and F. Manes. 2010. “Decision-

Making Cognition in Neurodegenerative Diseases.” Nat Rev Neurol 6(11):611–23. doi: 

10.1038/nrneurol.2010.148. 

55. Glimcher, Paul W., and Ernst Fehr. 2013. Neuroeconomics: Decision Making and the 

Brain. Academic Press. 

56. Goldstein Ferber, Sari, Aron Weller, Gal Yadid, and Alexander Friedman. 2021. 

“Discovering the Lost Reward: Critical Locations for Endocannabinoid Modulation of 

the Cortico–Striatal Loop That Are Implicated in Major Depression.” International 

Journal of Molecular Sciences 22(4):1867. 

57. Goschke, Thomas. 2014. “Dysfunctions of Decision-Making and Cognitive Control as 

Transdiagnostic Mechanisms of Mental Disorders: Advances, Gaps, and Needs in 

Current Research: Dysfunctions of Decision-Making and Cognitive Control.” 

International Journal of Methods in Psychiatric Research 23(S1):41–57. doi: 

10.1002/mpr.1410. 

58. Gostin, Lawrence O., James G. Hodge, and Sarah A. Noe. 2017. “Reframing the Opioid 

Epidemic as a National Emergency.” JAMA 318(16):1539–40. doi: 

10.1001/jama.2017.13358. 

59. Green, Leonard, and Joel Myerson. 2019. “On the Complexity of Discounting, Choice 

Situations, and People.” Perspectives on Behavior Science 42(3):433–43. doi: 

10.1007/s40614-019-00209-y. 



64 
 

60. Grimm, J. W., B. T. Hope, R. A. Wise, and Y. Shaham. 2001. “Neuroadaptation. 

Incubation of Cocaine Craving after Withdrawal.” Nature 412(6843):141–42. doi: 

10.1038/35084134. 

61. Grimm, Jeffrey W., Amber M. Fyall, and Dan P. Osincup. 2005. “Incubation of Sucrose 

Craving: Effects of Reduced Training and Sucrose Pre-Loading.” Physiology & Behavior 

84(1):73–79. doi: 10.1016/j.physbeh.2004.10.011. 

62. Guttman, Zoe, Scott J. Moeller, and Edythe D. London. 2018. “Neural Underpinnings of 

Maladaptive Decision-Making in Addictions.” Pharmacology Biochemistry and Behavior 

164:84–98. doi: 10.1016/j.pbb.2017.06.014. 

63. Han, Lizhen, and Jinzhu Jia. 2021. “Long-Term Effects of Alcohol Consumption on 

Cognitive Function in Seniors: A Cohort Study in China.” BMC Geriatrics 21(1):699. 

doi: 10.1186/s12877-021-02606-y. 

64. Herman, Aleksandra M., and Theodora Duka. 2019. “Facets of Impulsivity and Alcohol 

Use: What Role Do Emotions Play?” Neuroscience and Biobehavioral Reviews 106:202–

16. doi: 10.1016/j.neubiorev.2018.08.011. 

65. Hernandez-Avila, Carlos A., Bruce J. Rounsaville, and Henry R. Kranzler. 2004. 

“Opioid-, Cannabis- and Alcohol-Dependent Women Show More Rapid Progression to 

Substance Abuse Treatment.” Drug and Alcohol Dependence 74(3):265–72. doi: 

10.1016/j.drugalcdep.2004.02.001. 

66. Hinckers, Anne S., Manfred Laucht, Martin H. Schmidt, Karl F. Mann, Gunter 

Schumann, Marc A. Schuckit, and Andreas Heinz. 2006. “Low Level of Response to 

Alcohol as Associated with Serotonin Transporter Genotype and High Alcohol Intake in 

Adolescents.” Biological Psychiatry 60(3):282–87. doi: 10.1016/j.biopsych.2005.12.009. 

67. Hunt, Katelyn H., Christine E. Hughes, and Raymond C. Pitts. 2020. “Effects of 

Oxycodone on Sensitivity to Reinforcement Magnitude: Implications for Effects of 

Opioids on Impulsive and Risky Choice.” Behavioural Pharmacology 31(2 & 3):221–32. 

doi: 10.1097/FBP.0000000000000543. 

68. d’Isa, Raffaele, Giancarlo Comi, and Letizia Leocani. 2021. “Apparatus Design and 

Behavioural Testing Protocol for the Evaluation of Spatial Working Memory in Mice 

through the Spontaneous Alternation T-Maze.” Scientific Reports 11(1):21177. doi: 

10.1038/s41598-021-00402-7. 

69. Johnson, Adam, and A. David Redish. 2007. “Neural Ensembles in CA3 Transiently 

Encode Paths Forward of the Animal at a Decision Point.” The Journal of Neuroscience 

27(45):12176–89. doi: 10.1523/JNEUROSCI.3761-07.2007. 

70. Johnston, Lloyd D., R. A. Miech, P. M. O’Malley, J. G. Bachman, John E. Schulenberg, 

and Megan E. Patrick. 2018. “Monitoring the Future National Survey Results on Drug 

Use, 1975-2017: Overview, Key Findings on Adolescent Drug Use.” 



65 
 

71. Kahneman, Daniel, and Amos Tversky. 1979. “Prospect Theory: An Analysis of 

Decision under Risk.” Econometrica 47(2):263. doi: 10.2307/1914185. 

72. Kalinowski, Agnieszka, and Keith Humphreys. 2016. “Governmental Standard Drink 

Definitions and Low‐risk Alcohol Consumption Guidelines in 37 Countries.” Addiction 

111(7):1293–98. doi: 10.1111/add.13341. 

73. Kalso, Eija. 2007. “How Different Is Oxycodone from Morphine?” Pain 132(3):227–28. 

doi: 10.1016/j.pain.2007.09.027. 

74. Kapanaiah, Sampath K. T., Bastiaan van der Veen, Daniel Strahnen, Thomas Akam, and 

Dennis Kätzel. 2021. “A Low-Cost Open-Source 5-Choice Operant Box System 

Optimized for Electrophysiology and Optophysiology in Mice.” Scientific Reports 

11(1):22279. doi: 10.1038/s41598-021-01717-1. 

75. Kariisa, Mbabazi, Lawrence Scholl, Nana Wilson, Puja Seth, and Brooke Hoots. 2019. 

“Drug Overdose Deaths Involving Cocaine and Psychostimulants with Abuse Potential - 

United States, 2003-2017.” MMWR. Morbidity and Mortality Weekly Report 68(17):388–

95. doi: 10.15585/mmwr.mm6817a3. 

76. Karlsson, Hanna, Emil Persson, Irene Perini, Adam Yngve, Markus Heilig, and Gustav 

Tinghög. 2022. “Acute Effects of Alcohol on Social and Personal Decision Making.” 

Neuropsychopharmacology: Official Publication of the American College of 

Neuropsychopharmacology 47(4):824–31. doi: 10.1038/s41386-021-01218-9. 

77. Kessler, Ronald C. 1995. “Posttraumatic Stress Disorder in the National Comorbidity 

Survey.” Archives of General Psychiatry 52(12):1048. doi: 

10.1001/archpsyc.1995.03950240066012. 

78. Kimishima, Atsushi, Hirotatsu Umihara, Akihiro Mizoguchi, Satoshi Yokoshima, and 

Tohru Fukuyama. 2014. “Synthesis of (-)-Oxycodone.” Organic Letters 16(23):6244–47. 

doi: 10.1021/ol503175n. 

79. Kira, Shinichiro, Houman Safaai, Ari S. Morcos, Stefano Panzeri, and Christopher D. 

Harvey. 2023. “A Distributed and Efficient Population Code of Mixed Selectivity 

Neurons for Flexible Navigation Decisions.” Nature Communications 14(1):2121. doi: 

10.1038/s41467-023-37804-2. 

80. Knutson, B., C. M. Adams, G. W. Fong, and D. Hommer. 2001. “Anticipation of 

Increasing Monetary Reward Selectively Recruits Nucleus Accumbens.” The Journal of 

Neuroscience: The Official Journal of the Society for Neuroscience 21(16):RC159. doi: 

10.1523/JNEUROSCI.21-16-j0002.2001. 

81. Kornreich, Charles, Damien Brevers, Elsa Ermer, Catherine Hanak, Paul Verbanck, 

Salvatore Campanella, and Xavier Noël. 2013. “Polysubstance Dependent Patients 

Display a More Utilitarian Profile in Moral Decision-Making than Alcohol-Dependent 

Patients, Depressive Patients and Controls.” Drug and Alcohol Dependence 132(3):434–

40. doi: 10.1016/j.drugalcdep.2013.03.005. 



66 
 

82. Lee, Daeyeol. 2013. “Decision Making: From Neuroscience to Psychiatry.” Neuron 

78(2):233–48. doi: 10.1016/j.neuron.2013.04.008. 

83. Lewis, Ben, Jeff Boissoneault, Ian Frazier, and Sara Jo Nixon. 2016. “Effects of Age and 

Acute Moderate Alcohol Administration on Neurophysiology During Simulated 

Driving.” Alcoholism, Clinical and Experimental Research 40(12):2519–27. doi: 

10.1111/acer.13243. 

84. Lottem, Eran, Dhruba Banerjee, Pietro Vertechi, Dario Sarra, Matthijs Oude Lohuis, and 

Zachary F. Mainen. 2018. “Activation of Serotonin Neurons Promotes Active Persistence 

in a Probabilistic Foraging Task.” Nature Communications 9(1):1000. doi: 

10.1038/s41467-018-03438-y. 

85. Luna, Beatriz. 2009. “Developmental Changes in Cognitive Control through 

Adolescence.” Advances in Child Development and Behavior 37:233–78. doi: 

10.1016/s0065-2407(09)03706-9. 

86. Lynch, W. J., and Marilyn E. Carroll. 1999. “Sex Differences in the Acquisition of 

Intravenously Self-Administered Cocaine and Heroin in Rats.” Psychopharmacology 

144(1):77–82. doi: 10.1007/s002130050979. 

87. Madden, G. J., N. M. Petry, G. J. Badger, and W. K. Bickel. 1997. “Impulsive and Self-

Control Choices in Opioid-Dependent Patients and Non-Drug-Using Control Participants: 

Drug and Monetary Rewards.” Experimental and Clinical Psychopharmacology 

5(3):256–62. doi: 10.1037//1064-1297.5.3.256. 

88. Maldonado-Devincci, Antoniette M., Kent K. Alipour, Laura A. Michael, and Cheryl L. 

Kirstein. 2010. “Repeated Binge Ethanol Administration during Adolescence Enhances 

Voluntary Sweetened Ethanol Intake in Young Adulthood in Male and Female Rats.” 

Pharmacology Biochemistry and Behavior 96(4):476–87. doi: 

10.1016/j.pbb.2010.07.008. 

89. Maldonado-Devincci, Antoniette M., Joseph G. Makdisi, Andrea M. Hill, Renee C. 

Waters, Nzia I. Hall, Mariah J. Shobande, and Anjali Kumari. 2022. “Adolescent 

Intermittent Ethanol Exposure Induces Sex-Dependent Divergent Changes in Ethanol 

Drinking and Motor Activity in Adulthood in C57BL/6J Mice.” Journal of Neuroscience 

Research 100(8):1560–72. doi: 10.1002/jnr.24814. 

90. Marmorstein, Naomi R. 2009. “Longitudinal Associations between Alcohol Problems 

and Depressive Symptoms: Early Adolescence through Early Adulthood.” Alcoholism, 

Clinical and Experimental Research 33(1):49–59. doi: 10.1111/j.1530-

0277.2008.00810.x. 

91. Mayhew, Matthew J., James M. Byrne, Jane H. Powell, and Tim Meynen. 2020. “Are 

Hazardous Drinkers More Impulsive than Light Drinkers? A Comprehensive Assessment 

in Young Adults.” Alcohol 84:9–20. doi: 10.1016/j.alcohol.2019.09.007. 



67 
 

92. McHugh, R. Kathryn, Elise E. Devito, Dorian Dodd, Kathleen M. Carroll, Jennifer 

Sharpe Potter, Shelly F. Greenfield, Hilary Smith Connery, and Roger D. Weiss. 2013. 

“Gender Differences in a Clinical Trial for Prescription Opioid Dependence.” Journal of 

Substance Abuse Treatment 45(1):38–43. doi: 10.1016/j.jsat.2012.12.007. 

93. Miller, George A., Eugene, G., and Pribram, K. H. 2017. “Plans and the Structure of 

Behaviour.” Systems Research for Behavioral Science 369–82. 

94. Moore, Eileen M., John N. Mariani, David N. Linsenbardt, Laverne C. Melón, and 

Stephen L. Boehm. 2010. “Adolescent C57BL/6J (but Not DBA/2J) Mice Consume 

Greater Amounts of Limited‐Access Ethanol Compared to Adults and Display Continued 

Elevated Ethanol Intake into Adulthood.” Alcoholism: Clinical and Experimental 

Research 34(4):734–42. doi: 10.1111/j.1530-0277.2009.01143.x. 

95. Moschak, Travis M., and Regina M. Carelli. 2017. “Impulsive Rats Exhibit Blunted 

Dopamine Release Dynamics during a Delay Discounting Task Independent of Cocaine 

History.” Eneuro 4(2):ENEURO.0119-17.2017. doi: 10.1523/ENEURO.0119-17.2017. 

96. Moschak, Travis M., and Regina M. Carelli. 2021a. “A Sex-Dependent Role for the 

Prelimbic Cortex in Impulsive Action Both before and Following Early Cocaine 

Abstinence.” Neuropsychopharmacology 46(9):1565–73. doi: 10.1038/s41386-021-

01024-3. 

97. Moschak, Travis M., and Regina M. Carelli. 2021b. “An Opposing Role for Prelimbic 

Cortical Projections to the Nucleus Accumbens Core in Incubation of Craving for 

Cocaine versus Water.” Drug and Alcohol Dependence 228:109033. doi: 

10.1016/j.drugalcdep.2021.109033. 

98. Moschak, Travis M., Douglas R. Terry, Stacey B. Daughters, and Regina M. Carelli. 

2018. “Low Distress Tolerance Predicts Heightened Drug Seeking and Taking after 

Extended Abstinence from Cocaine Self-Administration: Distress Tolerance and 

Cocaine.” Addiction Biology 23(1):130–41. doi: 10.1111/adb.12488. 

99. Moschak, Travis M., Xuefei Wang, and Regina M. Carelli. 2018. “A Neuronal Ensemble 

in the Rostral Agranular Insula Tracks Cocaine-Induced Devaluation of Natural Reward 

and Predicts Cocaine Seeking.” The Journal of Neuroscience 38(39):8463–72. doi: 

10.1523/JNEUROSCI.1195-18.2018. 

100. Moutard, M. L., V. Kieffer, J. Feingold, F. Lewin, J. M. Baron, C. Adamsbaum, 

A. Gelot, A. Isapof, F. Kieffer, and T. B. de Villemeur. 2012. “Isolated Corpus Callosum 

Agenesis: A Ten-Year Follow-up after Prenatal Diagnosis (How Are the Children 

without Corpus Callosum at 10 Years of Age?).” Prenatal Diagnosis 32(3):277–83. doi: 

10.1002/pd.3824. 

101. Noël, X., M. Van der Linden, N. Schmidt, R. Sferrazza, C. Hanak, O. Le Bon, J. 

De Mol, C. Kornreich, I. Pelc, and P. Verbanck. 2001. “Supervisory Attentional System 

in Nonamnesic Alcoholic Men.” Archives of General Psychiatry 58(12):1152–58. doi: 

10.1001/archpsyc.58.12.1152. 



68 
 

102. Noël, Xavier, Antoine Bechara, Bernard Dan, Catherine Hanak, and Paul 

Verbanck. 2007. “Response Inhibition Deficit Is Involved in Poor Decision Making 

under Risk in Nonamnesic Individuals with Alcoholism.” Neuropsychology 21(6):778–

86. doi: 10.1037/0894-4105.21.6.778. 

103. Nowrangi, Milap A., Constantine Lyketsos, Vani Rao, and Cynthia A. Munro. 

2014. “Systematic Review of Neuroimaging Correlates of Executive Functioning: 

Converging Evidence from Different Clinical Populations.” The Journal of 

Neuropsychiatry and Clinical Neurosciences 26(2):114–25. doi: 

10.1176/appi.neuropsych.12070176. 

104. O’Leary, James D., Olivia F. O’Leary, John F. Cryan, and Yvonne M. Nolan. 

2018. “A Low-Cost Touchscreen Operant Chamber Using a Raspberry PiTM.” Behavior 

Research Methods 50(6):2523–30. doi: 10.3758/s13428-018-1030-y. 

105. Olkkola, Klaus T., Vesa K. Kontinen, Teijo I. Saari, and Eija A. Kalso. 2013. 

“Does the Pharmacology of Oxycodone Justify Its Increasing Use as an Analgesic?” 

Trends in Pharmacological Sciences 34(4):206–14. doi: 10.1016/j.tips.2013.02.001. 

106. Orsini, Caitlin A., Wonn S. Pyon, Richard J. Dragone, Mojdeh Faraji, Alexa-Rae 

Wheeler, Marjory Pompilus, Marcelo Febo, Jennifer L. Bizon, and Barry Setlow. 2023. 

“Age-Related Changes in Risky Decision Making and Associated Neural Circuitry in a 

Rat Model.” Eneuro 10(1):ENEURO.0385-22.2022. doi: 10.1523/ENEURO.0385-

22.2022. 

107. Otto, A. Ross, Sean Devine, Eric Schulz, Aaron M. Bornstein, and Kenway 

Louie. 2022. “Context-Dependent Choice and Evaluation in Real-World Consumer 

Behavior.” Scientific Reports 12(1):17744. doi: 10.1038/s41598-022-22416-5. 

108. Paulus, Martin P., Corianne Rogalsky, Alan Simmons, Justin S. Feinstein, and 

Murray B. Stein. 2003. “Increased Activation in the Right Insula during Risk-Taking 

Decision Making Is Related to Harm Avoidance and Neuroticism.” NeuroImage 

19(4):1439–48. doi: 10.1016/S1053-8119(03)00251-9. 

109. Pautassi, Ricardo Marcos, Mallory Myers, Linda Patia Spear, Juan Carlos Molina, 

and Norman E. Spear. 2011. “Ethanol Induces Second-Order Aversive Conditioning in 

Adolescent and Adult Rats.” Alcohol 45(1):45–55. doi: 10.1016/j.alcohol.2010.10.004. 

110. Perry, Jennifer L., and Marilyn E. Carroll. 2008. “The Role of Impulsive Behavior 

in Drug Abuse.” Psychopharmacology 200(1):1–26. doi: 10.1007/s00213-008-1173-0. 

111. Perry, Jennifer L., Sarah E. Nelson, and Marilyn E. Carroll. 2008. “Impulsive 

Choice as a Predictor of Acquisition of IV Cocaine Self-Administration and 

Reinstatement of Cocaine-Seeking Behavior in Male and Female Rats.” Experimental 

and Clinical Psychopharmacology 16(2):165–77. doi: 10.1037/1064-1297.16.2.165. 

112. Poulton, Antoinette, Oliver Eastwood, Loren Richard Bruns, Richard O. Sinnott, 

and Robert Hester. 2022. “Addressing Methodological Issues in a Study of Impulsivity 



69 
 

and Vulnerability for Transition to Alcohol Use Disorder.” Alcoholism: Clinical and 

Experimental Research 46(2):262–76. doi: 10.1111/acer.14755. 

113. Prezenski, Sabine, André Brechmann, Susann Wolff, and Nele Russwinkel. 2017. 

“A Cognitive Modeling Approach to Strategy Formation in Dynamic Decision Making.” 

Frontiers in Psychology 8:1335. doi: 10.3389/fpsyg.2017.01335. 

114. Price, Julianne L., Ben Lewis, Jeff Boissoneault, Ian R. Frazier, and Sara Jo 

Nixon. 2018. “Effects of Acute Alcohol and Driving Complexity in Older and Younger 

Adults.” Psychopharmacology 235(3):887–96. doi: 10.1007/s00213-017-4806-3. 

115. Ramchandani, V. A., J. Umhau, F. J. Pavon, V. Ruiz-Velasco, W. Margas, H. 

Sun, R. Damadzic, R. Eskay, M. Schoor, A. Thorsell, M. L. Schwandt, W. H. Sommer, 

D. T. George, L. H. Parsons, P. Herscovitch, D. Hommer, and M. Heilig. 2011. “A 

Genetic Determinant of the Striatal Dopamine Response to Alcohol in Men.” Molecular 

Psychiatry 16(8):809–17. doi: 10.1038/mp.2010.56. 

116. Riley, Julia, Elon Eisenberg, Gerhard Müller-Schwefe, Asbjørn M. Drewes, and 

Lars Arendt-Nielsen. 2008. “Oxycodone: A Review of Its Use in the Management of 

Pain.” Current Medical Research and Opinion 24(1):175–92. doi: 

10.1185/030079908x253708. 

117. Robinson, Donita L., Leslie R. Amodeo, L. Judson Chandler, Fulton T. Crews, 

Cindy L. Ehlers, Alexander Gómez-A, Kati L. Healey, Cynthia M. Kuhn, Victoria A. 

Macht, S. Alexander Marshall, H. Scott Swartzwelder, Elena I. Varlinskaya, and David F. 

Werner. 2021. “The Role of Sex in the Persistent Effects of Adolescent Alcohol 

Exposure on Behavior and Neurobiology in Rodents.” Pp. 305–40 in International 

Review of Neurobiology. Vol. 160. Elsevier. 

118. Russo, S. J., and E. J. Nestler. 2013. “The Brain Reward Circuitry in Mood 

Disorders.” Nat Rev Neurosci 14(9):609–25. doi: 10.1038/nrn3381. 

119. Saberi Moghadam, Sohrab, Farid Samsami Khodadad, and Vahid Khazaeinezhad. 

2019. “An Algorithmic Model of Decision Making in the Human Brain.” Basic and 

Clinical Neuroscience Journal 443–50. doi: 10.32598/bcn.9.10.395. 

120. Sanfey, Alan G., George Loewenstein, Samuel M. McClure, and Jonathan D. 

Cohen. 2006. “Neuroeconomics: Cross-Currents in Research on Decision-Making.” 

Trends in Cognitive Sciences 10(3):108–16. doi: 10.1016/j.tics.2006.01.009. 

121. Sayette, Michael A., Kasey G. Creswell, John D. Dimoff, Catharine E. Fairbairn, 

Jeffrey F. Cohn, Bryan W. Heckman, Thomas R. Kirchner, John M. Levine, and Richard 

L. Moreland. 2012. “Alcohol and Group Formation: A Multimodal Investigation of the 

Effects of Alcohol on Emotion and Social Bonding.” Psychological Science 23(8):869–

78. doi: 10.1177/0956797611435134. 

122. Serrano, Antonia, Francisco J. Pavon, Matthew W. Buczynski, Joel Schlosburg, 

Luis A. Natividad, Ilham Y. Polis, David G. Stouffer, Eric P. Zorrilla, Marisa Roberto, 



70 
 

Benjamin F. Cravatt, Rémi Martin-Fardon, Fernando Rodriguez De Fonseca, and Loren 

H. Parsons. 2018. “Deficient Endocannabinoid Signaling in the Central Amygdala 

Contributes to Alcohol Dependence-Related Anxiety-like Behavior and Excessive 

Alcohol Intake.” Neuropsychopharmacology 43(9):1840–50. doi: 10.1038/s41386-018-

0055-3. 

123. Shadlen, Michael N., and Roozbeh Kiani. 2013. “Decision Making as a Window 

on Cognition.” Neuron 80(3):791–806. doi: 10.1016/j.neuron.2013.10.047. 

124. Shalev, U., M. Morales, B. Hope, J. Yap, and Y. Shaham. 2001. “Time-

Dependent Changes in Extinction Behavior and Stress-Induced Reinstatement of Drug 

Seeking Following Withdrawal from Heroin in Rats.” Psychopharmacology 156(1):98–

107. doi: 10.1007/s002130100748. 

125. Shepard, Jack D., Jennifer M. Bossert, Shirley Y. Liu, and Yavin Shaham. 2004. 

“The Anxiogenic Drug Yohimbine Reinstates Methamphetamine Seeking in a Rat Model 

of Drug Relapse.” Biological Psychiatry 55(11):1082–89. doi: 

10.1016/j.biopsych.2004.02.032. 

126. Shin, Rick, and Satoshi Ikemoto. 2010. “Administration of the GABAA Receptor 

Antagonist Picrotoxin into Rat Supramammillary Nucleus Induces C-Fos in Reward-

Related Brain Structures. Supramammillary Picrotoxin and c-Fos Expression.” BMC 

Neuroscience 11(1):101. doi: 10.1186/1471-2202-11-101. 

127. Siciliano, Denise, and Robert F. Smith. 2001. “Periadolescent Alcohol Alters 

Adult Behavioral Characteristics in the Rat.” Physiology & Behavior 74(4–5):637–43. 

doi: 10.1016/S0031-9384(01)00623-0. 

128. Simon, Nicholas W., Ian A. Mendez, and Barry Setlow. 2007. “Cocaine Exposure 

Causes Long-Term Increases in Impulsive Choice.” Behavioral Neuroscience 

121(3):543–49. doi: 10.1037/0735-7044.121.3.543. 

129. Simoni-Wastila, Linda, Grant Ritter, and Gail Strickler. 2004. “Gender and Other 

Factors Associated with the Nonmedical Use of Abusable Prescription Drugs.” Substance 

Use & Misuse 39(1):1–23. doi: 10.1081/ja-120027764. 

130. Söderberg Löfdal, Karin C., Marine L. Andersson, and Lars L. Gustafsson. 2013. 

“Cytochrome P450-Mediated Changes in Oxycodone 

Pharmacokinetics/Pharmacodynamics and Their Clinical Implications.” Drugs 

73(6):533–43. doi: 10.1007/s40265-013-0036-0. 

131. Spear, L. P. 2000. “The Adolescent Brain and Age-Related Behavioral 

Manifestations.” Neuroscience and Biobehavioral Reviews 24(4):417–63. doi: 

10.1016/s0149-7634(00)00014-2. 

132. Spear, Linda Patia. 2011. “Rewards, Aversions and Affect in Adolescence: 

Emerging Convergences across Laboratory Animal and Human Data.” Developmental 

Cognitive Neuroscience 1(4):392–400. doi: 10.1016/j.dcn.2011.08.001. 



71 
 

133. Stancato, Stefanie S., Tadd D. Schneider, Derek D. Reed, Shea M. Lemley, Ale 

Carrillo, and David P. Jarmolowicz. 2020. “Reinforcer Pathology II : Reward Magnitude, 

Reward Delay, and Demand for Alcohol Collectively Relate to College Students’ 

Alcohol Related Problems.” Journal of the Experimental Analysis of Behavior 

114(3):354–67. doi: 10.1002/jeab.635. 

134. Strong, Moriah N., Naomi Yoneyama, Andrea M. Fretwell, Chris Snelling, 

Michelle A. Tanchuck, and Deborah A. Finn. 2010. “‘Binge’ Drinking Experience in 

Adolescent Mice Shows Sex Differences and Elevated Ethanol Intake in Adulthood.” 

Hormones and Behavior 58(1):82–90. doi: 10.1016/j.yhbeh.2009.10.008. 

135. Szanto, K., W. Bruine de Bruin, A. M. Parker, M. N. Hallquist, P. M. Vanyukov, 

and A. Y. Dombrovski. 2015. “Decision-Making Competence and Attempted Suicide.” 

The Journal of Clinical Psychiatry 76(12):e1590-7. doi: 10.4088/JCP.15m09778. 

136. Terlecki, Meredith A., Anthony H. Ecker, and Julia D. Buckner. 2014. “College 

Drinking Problems and Social Anxiety: The Importance of Drinking Context.” 

Psychology of Addictive Behaviors: Journal of the Society of Psychologists in Addictive 

Behaviors 28(2):545–52. doi: 10.1037/a0035770. 

137. Thompson, Kara, Tim Stockwell, Bonnie Leadbeater, and Jacqueline Homel. 

2014. “Association among Different Measures of Alcohol Use across Adolescence and 

Emerging Adulthood.” Addiction (Abingdon, England) 109(6):894–903. doi: 

10.1111/add.12499. 

138. Thrailkill, Eric A., Michael DeSarno, and Stephen T. Higgins. 2022. “Loss 

Aversion and Risk for Cigarette Smoking and Other Substance Use.” Drug and Alcohol 

Dependence 232:109307. doi: 10.1016/j.drugalcdep.2022.109307. 

139. Towner, Trevor T., and Elena I. Varlinskaya. 2020. “Adolescent Ethanol 

Exposure: Anxiety-Like Behavioral Alterations, Ethanol Intake, and Sensitivity.” 

Frontiers in Behavioral Neuroscience 14:45. doi: 10.3389/fnbeh.2020.00045. 

140. Tucker, Jalie A., Katie Lindstrom, Susan D. Chandler, Joseph P. Bacon, and 

JeeWon Cheong. 2021. “Behavioral Economic Indicators of Risky Drinking among 

Community-Dwelling Emerging Adults.” Psychology of Addictive Behaviors 35(4):415–

23. doi: 10.1037/adb0000686. 

141. Turner, Jamie K., Liqa N. Athamneh, Julia C. Basso, and Warren K. Bickel. 2021. 

“The Phenotype of Recovery V: Does Delay Discounting Predict the Perceived Risk of 

Relapse among Individuals in Recovery from Alcohol and Drug Use Disorders.” 

Alcoholism: Clinical and Experimental Research 45(5):1100–1108. doi: 

10.1111/acer.14600. 

142. Urban, Nina B. L., Lawrence S. Kegeles, Mark Slifstein, Xiaoyan Xu, Diana 

Martinez, Ehab Sakr, Felipe Castillo, Tiffany Moadel, Stephanie S. O’Malley, John H. 

Krystal, and Anissa Abi-Dargham. 2010. “Sex Differences in Striatal Dopamine Release 

in Young Adults after Oral Alcohol Challenge: A Positron Emission Tomography 



72 
 

Imaging Study with [11C]Raclopride.” Biological Psychiatry 68(8):689–96. doi: 

10.1016/j.biopsych.2010.06.005. 

143. Van Den Bos, Ruud, Judith Homberg, and Leonie De Visser. 2013. “A Critical 

Review of Sex Differences in Decision-Making Tasks: Focus on the Iowa Gambling 

Task.” Behavioural Brain Research 238:95–108. doi: 10.1016/j.bbr.2012.10.002. 

144. Van Zee, Art. 2009. “The Promotion and Marketing of Oxycontin: Commercial 

Triumph, Public Health Tragedy.” American Journal of Public Health 99(2):221–27. doi: 

10.2105/AJPH.2007.131714. 

145. Varlinskaya, Elena I., Esther U. Kim, and Linda P. Spear. 2017. “Chronic 

Intermittent Ethanol Exposure during Adolescence: Effects on Stress-Induced Social 

Alterations and Social Drinking in Adulthood.” Brain Research 1654(Pt B):145–56. doi: 

10.1016/j.brainres.2016.03.050. 

146. Varlinskaya, Elena I., Courtney S. Vetter-O’Hagen, and Linda P. Spear. 2013. 

“Puberty and Gonadal Hormones: Role in Adolescent-Typical Behavioral Alterations.” 

Hormones and Behavior 64(2):343–49. doi: 10.1016/j.yhbeh.2012.11.012. 

147. Vassilev, Philip, Esmeralda Fonseca, Giovanni Hernandez, Andrea Haree 

Pantoja-Urban, Michel Giroux, Dominique Nouel, Elise Van Leer, and Cecilia Flores. 

2022. “Custom-Built Operant Conditioning Setup for Calcium Imaging and Cognitive 

Testing in Freely Moving Mice.” Eneuro 9(1):ENEURO.0430-21.2022. doi: 

10.1523/ENEURO.0430-21.2022. 

148. Venniro, Marco, Ingrid Reverte, Leslie A. Ramsey, Kimberly M. Papastrat, 

Ginevra D’Ottavio, Michele Stanislaw Milella, Xuan Li, Jeffrey W. Grimm, and Daniele 

Caprioli. 2021. “Factors Modulating the Incubation of Drug and Non-Drug Craving and 

Their Clinical Implications.” Neuroscience and Biobehavioral Reviews 131:847–64. doi: 

10.1016/j.neubiorev.2021.09.050. 

149. Vereinte Nationen and Büro für Drogenkontrolle und Verbrechensbekämpfung. 

2018. World Drug Report 2018. 

150. Vetter-O’Hagen, Courtney S., and Linda P. Spear. 2012. “Hormonal and Physical 

Markers of Puberty and Their Relationship to Adolescent-Typical Novelty-Directed 

Behavior.” Developmental Psychobiology 54(5):523–35. doi: 10.1002/dev.20610. 

151. Vollmer, Kelsey M., Elizabeth M. Doncheck, Roger I. Grant, Kion T. Winston, 

Elizaveta V. Romanova, Christopher W. Bowen, Preston N. Siegler, Lisa M. Green, Ana-

Clara Bobadilla, Ivan Trujillo-Pisanty, Peter W. Kalivas, and James M. Otis. 2021. “A 

Novel Assay Allowing Drug Self-Administration, Extinction, and Reinstatement Testing 

in Head-Restrained Mice.” Frontiers in Behavioral Neuroscience 15:744715. doi: 

10.3389/fnbeh.2021.744715. 

152. Wang, Xiao-Jing. 2008. “Decision Making in Recurrent Neuronal Circuits.” 

Neuron 60(2):215–34. doi: 10.1016/j.neuron.2008.09.034. 



73 
 

153. Wansink, Brian, and Jeffery Sobal. 2007. “Mindless Eating: The 200 Daily Food 

Decisions We Overlook.” Environment and Behavior 39(1):106–23. doi: 

10.1177/0013916506295573. 

154. Weafer, Jessica, Suzanne H. Mitchell, and Harriet De Wit. 2014. “Recent 

Translational Findings on Impulsivity in Relation to Drug Abuse.” Current Addiction 

Reports 1(4):289–300. doi: 10.1007/s40429-014-0035-6. 

155. Webster, Lynn R. 2017. “Risk Factors for Opioid-Use Disorder and Overdose:” 

Anesthesia & Analgesia 125(5):1741–48. doi: 10.1213/ANE.0000000000002496. 

156. White, Aaron M. 2003. “What Happened? Alcohol, Memory Blackouts, and the 

Brain.” Alcohol Research & Health: The Journal of the National Institute on Alcohol 

Abuse and Alcoholism 27(2):186–96. 

157. White, Aaron M. 2020. “Gender Differences in the Epidemiology of Alcohol Use 

and Related Harms in the United States.” Alcohol Research: Current Reviews 40(2):01. 

doi: 10.35946/arcr.v40.2.01. 

158. Wichers, Marieke, Nathan A. Gillespie, and Kenneth S. Kendler. 2013. “Genetic 

and Environmental Predictors of Latent Trajectories of Alcohol Use from Adolescence to 

Adulthood: A Male Twin Study.” Alcoholism, Clinical and Experimental Research 

37(3):498–506. doi: 10.1111/j.1530-0277.2012.01939.x. 

159. World Health Organization. 2001. The World Health Report 2001: Mental 

Disorders Affect One in Four People. News. 

160. Xiang, Liyang, Antoine Harel, HongYing Gao, Anthony E. Pickering, Susan J. 

Sara, and Sidney I. Wiener. 2019. “Behavioral Correlates of Activity of Optogenetically 

Identified Locus Coeruleus Noradrenergic Neurons in Rats Performing T-Maze Tasks.” 

Scientific Reports 9(1):1361. doi: 10.1038/s41598-018-37227-w. 

161. Younis, Rabha M., Jennifer T. Wolstenholme, Deniz Bagdas, Jill C. Bettinger, 

Michael F. Miles, and M. Imad Damaj. 2019. “Adolescent but Not Adult Ethanol Binge 

Drinking Modulates Ethanol Behavioral Effects in Mice Later in Life.” Pharmacology 

Biochemistry and Behavior 184:172740. doi: 10.1016/j.pbb.2019.172740. 

162. zhang, K. Q., and A. K. Guo. 2018. “Zhang, K., Qi, W., & Guo, A. K. (2008). 

Towards Decision-Making Theories: The Interface of Neuroscience and Economics. 

Science, 60(3), 5-9.” Science 60(3):5–9. 

163. Zhao, Qinglin, Hongqian Li, Bin Hu, Haiyan Wu, and Quanying Liu. 2017. 

“Abstinent Heroin Addicts Tend to Take Risks: ERP and Source Localization.” Frontiers 

in Neuroscience 11:681. doi: 10.3389/fnins.2017.00681. 

164. Zorick, Todd, Kyoji Okita, K. Brooke Renard, Mark A. Mandelkern, Arthur L. 

Brody, and Edythe D. London. 2022. “The Effects of Citalopram and Thalamic 

Dopamine D2/3 Receptor Availability on Decision-Making and Loss Aversion in 



74 
 

Alcohol Dependence” edited by A. Pilc. Psychiatry Journal 2022:1–11. doi: 

10.1155/2022/5663274. 

165. Zucker, R. A., H. E. Fitzgerald, H. D. Moses, D. Cicchetti, and D. J. Cohen. 2006. 

“Developmental Psychopathology: Risk, Disorder, and Adaptation.” 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 



75 
 

Curriculum Vitae 

Safa Binte Hossain 

sbh.safa@gmail.com 

 

I am an international student who obtained the Bachelor’s in Pharmaceutical Sciences degree 

from BRAC University in Marach 2018 .  I joined UTEP in Fall 2019 and worked in Dr. Vine’s 

lab and Dr. Aguilera’s lab on cancer research. I joined Dr. Friedman’s neuroscience lab as a 

graduate student in 2021 and focused on decision-making on rats: effects of drug abuse.  I worked 

as a graduate teaching assistant from 2019-2023 and taught multiple courses and, such as General 

Microbiology and Anatomy and Physiology.  

 

mailto:sbh.safa@gmail.com

	Decision-Making In Rats: Effects Of Drug Abuse
	Recommended Citation

	tmp.1725486842.pdf.m_42a

