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ABSTRACT

Autism Spectrum Disorder (ASD) is a neurodevelopmental disorder that is diagnosed
when an individual has persistent deficits in social communication and restrictive
repetitive patterns of behaviors, interests, or activities. Restricted repetitive behaviors
(RRBs) are typically triggered by anxiety and can cause significant detriment to an
individual's life. While there is no cure for ASD, there are pharmacological treatment
options for the symptoms caused by ASD. Propranolol, a beta-adrenergic antagonist, is
used to treat anxiety and shows promise in reducing many of the symptoms associated
with ASD. This study explores the effects of Propranolol on RRBs in a sample size of 24
Sprague Dawley rats. Additionally, this study sought to examine if gender moderates a
change in RRBs once Propranolol is administered. This study used a quasi-experimental
within-subject design to demonstrate the effectiveness of Propranolol injections on
Sprague-Dawley rats while undergoing a marble burying test. | used a Two-Way
ANOVA to compare the variance in each group mean to the variance of the dependent
variables. My findings showed that Propranolol had a significant effect on RRBs in both
male and female Sprague-Dawley rats. These findings imply that there are alternative
treatment options that may be more effective and less aversive for the side effects
associated with ASD. Additionally, males and females may be affected differently in
terms of treatment options, and more research into the symptoms of ASD and treatment

options is pertinent.
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CHAPTER 1: INTRODUCTION TO THE STUDY
Introduction

According to the Fifth Edition of the Diagnostic and Statistical Manual
(American Psychiatric Association, 2013), in order to receive a diagnosis of autism
spectrum disorder (ASD), one must have persistent deficits in social communication and
social context and restricted repetitive patterns of behaviors, interests, or activities.
Restrictive, repetitive behaviors (RRBs) are often triggered by anxiety and can greatly
interfere with an individual’s ability to interact socially and engage in daily activities
(Cuccaro et al., 2003 Song et al., 2022;). With there being many facets to the disorder, a
single treatment option is not likely, and the combination of behavioral and
pharmacological interventions may be the most effective approach (London et al., 2020;
McDougle et al., 2003).

Currently, there are two antipsychotic medications approved by the FDA for the
treatment of some of the symptoms of ASD, risperidone and aripiprazole. However, their
long-term use has been found to be problematic due to their many adverse side effects
(London et al., 2020; Orsolini et al., 2016). Propranolol, a non-selective beta-adrenergic
receptor blocker, has been shown to be effective in reducing and reversing impairments
caused by stress in non-ASD individuals (Beversdorf, 2020). Additionally, propranolol,
along with other beta-blockers, is often prescribed as a therapeutic agent for anxiety,
which is often said to trigger RRBs (Song et al., 2022).

Researchers have started to look at the positive effects of propranolol for
individuals with ASD, but further research is still needed. Additionally, it has been found

that there are not only gender differences in RRBs, but also there are gender differences



in the response to many pharmacological drugs (Antezana et al., 2019; Farkouh et al.,

2020). This research will aid in closing the gap in understanding the gender differences

found between pharmacology and restricted repetitive behaviors in individuals with ASD.
Background

The Autism and Developmental Disabilities Monitoring Network (ADDM), a
program funded by the Center for Disease Control and Prevention (CDC), is a
collaborative network that tracks not only the number but also the characteristics of
children with ASD (CDC, 2023). As of 2020, there were 11 network sites across the
United States, allowing for the ability to ascertain ASD among children at the age of 8
years old. The ADDM looks specifically at age 8 as it allows for an in-depth analysis of
the child's health and education records. Additionally, by age 8, most children can be
effectively diagnosed (CDC, 2023).

As of 2020, almost 3%, or 1 in 36, children aged 8 were identified as having a
diagnosis of ASD, with males being affected nearly 4 times as often as females (Maenner
etal., 2021). ASD is a neurodevelopmental disorder characterized by deficits in social
communication and interactions and restricted, repetitive behaviors (RRBs) (Tian et al.,
2022). RRBs are often noticed by the caregiver as they can affect not only the quality of
life of the individual with ASD, but additionally the family members who are involved in
the individual’s life (Leekam et al., 2011; Wolff et al., 2014). While the social deficits are
often discussed when referring to ASD, RRBs have gained less attention in terms of
recognition, but also treatment.

RRBs discuss a broad category of behavioral patterns. These behaviors may

include a more specific interest or knowledge about an item or topic (e.g., vacuum



cleaners or computers) or an adherence to a very specific routine (e.g., insisting on their
breakfast being made a certain way every day). RRBs also present as repetitive motor
functions (e.g., waving hands), or a preoccupation with certain objects (e.g., hyper-
focusing on the wheels on a toy race car (Kim & Lord, 2010). Along with the
interruptions, RRBs may also interfere with a child developing adaptive skills and
engaging in daily activities (Song et al., 2022).

While the U.S. Food and Drug Administration (FDA) has approved medications
for the irritability associated with ASD, there are no medications approved for the
management of the core symptoms of ASD (Farmer & Aman, 2011; Wink et al., 2010).
Ongoing research has looked at the effects of medications such as oxytocin as a potential
treatment option for ASD side effects, but further research is still needed to seek FDA
approval (Daniels et al., 2023). There is, however, an FDA-approved drug that may be
effective in treating the symptoms of ASD.

There have been small case studies conducted that do show promise of an
additional treatment that may be effective, a beta-adrenergic blocking agent, propranolol
(London et al., 2020; Sagar-Ouriaghli et al., 2018). Previous research has shown that the
noradrenergic system may be a target for effective pharmacological intervention for ASD
(Lake et al., 1977; Launay et al., 1987; Zamzow et al., 2015). Propranolol is a non-
selective beta-adrenergic antagonist that is used for reducing noradrenergic system
activity. Previous research with propranolol and ASD has focused on language and
sociability in individuals with ASD, but its proven efficacy with anxiety could potentially
produce treatment options for RRBs (Beversdorf et al., 2008; Beversdorf et al., 2011

Ratey et al., 1987).



As previously stated, males are much more likely to be diagnosed with ASD than
females, with previous epidemiological studies showing the male-to-female ratio found to
be 4:1 (CDC, 2023). While it is often discussed that ASD presents differently in males
and females, the research has resulted in very inconsistent findings. It should be noted
that in the meta-analysis and literature reviews conducted, there were different
measurements used, though inconsistencies exist within each measurement type (Schuck
et al., 2019). Further research into the differences between males and females could aid in
treatment options, both pharmacological and behavioral, for individuals with ASD.

While the diagnosis of ASD was not present during the time when the Bible was
being written, more recent research has proposed that there were individuals in the Bible
who potentially suffered from developmental disorders. Mathew and Pandian (2010)
have discussed the developmental and neurological disorders associated with many of the
Biblical characters of the Old Testament. Although there was not a diagnostic criterion
written during the Biblical times for any mental health disorder, the traits of Samson have
been found to be identifiable as ASD traits.

Unfortunately, those who suffered from neurological or developmental disorders
during that time were often said to be possessed by evil spirits. Mary Magdalene, a
prominent figure often mentioned in the Bible as one of Jesus’s original followers, was
said to have been “cured of evil spirits and diseases...from whom seven demons had
come out” (Luke 8:2, New International Version). An individual trained in diagnosing
mental health disorders would more likely say she suffered from the psychotic disorder

schizophrenia.



As Christians, it is important to not only think Biblically about the normalcies of
the secular world but also to educate ourselves and become aware of how the ancient
texts of the Bible may speak to contemporary realities, such as a mental health disorder
like ASD. Thus, it is the responsibility of the individual to use the text of the Bible, not as
a vehicle for documentation but as a means for edification. The preference, therefore, is
not to say that individuals with ASD are possessed by an evil spirit but to use the Biblical
text as a guide for helping those who suffer from mental health disorders such as ASD.
The book of Galatians tells us to “bear one another’s burdens, and so fulfill the law of
Christ” (Galatians 6:2, New International VVersion).

Problem Statement

ASD is characterized by deficits in social communication and social context and
restricted repetitive patterns of behaviors, interests, or activities (DSM-5, 2013). The
most recent studies show a prevalence of ASD in American children being 1/44 or 2.27%
(Maenner et al., 2021). As previously stated, RRBs are a core symptom of ASD and have
been shown to greatly affect the quality of life in an individual with ASD. Behavioral
intervention has helped with RRBs, but there is not an FDA approved medication to
alleviate this symptom (Boyd et al., 2012; London et al., 2020).

Pharmacological treatment for symptoms of ASD is centered around selective
serotonin reuptake inhibitors (SSRIs). While possibly beneficial for some side effects
associated with ASD, SERTSs are often used to target aggression as opposed to
perseveration or RRBs. Additionally, SERTSs are associated with a number of negative

side effects, including increased irritability, nausea and/or weight gain, and insomnia



(Francis, 2005; Leskovec et al., 2008; Sagar-Ouriaghli et al., 2018). With these negative
side effects, it becomes essential to explore other pharmacological options.

Researchers have explored the effectiveness of beta-adrenergic blockers, such as
propranolol, as a pharmacological treatment for the symptoms of ASD, but not
specifically RRBs (Ratey et al., 1987; Ward et al., 2013). Propranolol inhibits the actions
caused by noradrenaline and adrenaline, the two hormones responsible for increasing
heart rate and blood pressure levels, causing hyperarousal in an individual (Deepmala &
Agrawal, 2014; Sagar-Ouriaghli et al., 2018). Alleviating these symptoms that are related
to autonomic dysregulation can potentially improve the therapeutic outcomes for
individuals struggling with RRBs.

It has been known that ASD and the associated symptoms do not present the same
in both males and females, with males being three times more likely than females to be
affected by RRBs (Amodeo et al., 2019). The gap in research is surrounding the
differences in response to pharmacological treatment options based on the different
genders. The problem is that there has yet to be research supporting the hypothesis that
males and females will respond differently to the administered doses of propranolol
which is clearly supported by current literature.

Purpose of the Study
The purpose of this quantitative quasi-experimental study was to examine the relationship
between propranolol and restricted repetitive behaviors in male and female Sprague-
Dawley rats.
Research Question(s) and Hypotheses

Research Questions



RQ1: How does the number of restrictive, repetitive behaviors change after the
administration of propranolol in an autism model of Sprague-Dawley rats?

RQ 2: Does gender moderate the change in the number of restrictive, repetitive
behaviors once propranolol is administered?
Hypotheses

Hypothesis 1: The number of restrictive, repetitive behaviors will be inhibited
following the administration of propranolol in an autism model of Sprague-Dawley rats.

Hypothesis 2: Gender will moderate the change in the number of restrictive,
repetitive behaviors once propranolol is administered.

Assumptions and Limitations of the Study

It was assumed that the number of RRBs would be inhibited following the
administration of the drug propranolol. Propranolol is a drug often administered for
anxiety, and RRBs are thought to be triggered by anxiety. Additionally, with behavior
presenting differently in males and females with ASD, it was also an assumption that
gender will show a clear difference in the RRBs demonstrated.

There are limitations and challenges that should be recognized with this study.
The Sprague-Dawley rats that will be used for data collection were either a vehicle model
serving as the control or an autism spectrum disorder model. With ASD being diagnosed
based on behavior and there being no validated genetic biomarkers, the severity of the
ASD in the rat was unknown.

ASD is a disorder that is diagnosed and treated based on a spectrum, and without
knowing exactly where the rat falls on the spectrum, we were not able to evaluate

individual differences in true language skills or cognitive ability. While it has been well



documented that RRBs present differently in males and females with ASD, future
research using a test other than marble burying may allow for more insight into the
expression of RRBs in males vs. females (Hiller et al., 2014; Tillmann et al., 2018).

An additional limitation of this study that should be noted is the data collection
process. The drugs were mixed and administered by a single researcher, and the marble
burying was recorded and analyzed by the same researcher making this a single-blind
study. This could allow for opportunity for bias in the data collection process, with the
researcher knowing the dosage of propranolol administered for each session.

Theoretical Foundations of the Study

ASD is diagnosed based on the DSM-5’s (2013) criteria stating that an individual
must have persistent deficits in social communication and social interaction across
multiple contexts, and restricted, repetitive patterns of behavior, interests, or activities.
An additional symptom that often co-occurs with ASD is anxiety. By middle childhood,
studies show that over 40% of individuals with ASD also have anxiety disorders that are
conceptualized as persistently elevated anxiety symptoms leading to significant distress
or impairment (APA, 2013; van Steensel et al., 2011).

Leo Kanner, one of the original ASD researchers, referenced children with ASD
to have “anxious tenseness” and an “anxiously obsessive desire for the maintenance of
sameness” (Kanner, 1943, p. 245). It can be theorized, based on Kanner’s original work,
along with many other researchers, that anxiety can be a trigger for RRBs in individuals
with ASD. It should also be noted that anxiety in individuals with ASD can contribute to

mood disorders such as depression and bipolar disorder (Cummings & Fristad, 2012).
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The majority of ASD research has focused on characterizing the communicative
and social deficits experienced by those affected, while RRBs have received much less
attention. RRBs occur early in development and typically interfere with the individual’s
ability to acquire essential lifestyle skills. Additionally, RRBs severely affect the quality
of life of the individual and their caregivers (Leekam et al., 2011; Wolff et al., 2014). The
early diagnosis of RRB’s in ASD is vital as the symptoms are considered predictive of
anxiety in children and adults (Baribeau et al., 2020; Kuzminskaite et al., 2020).

Propranolol is a non-selective beta blocker that works by inhibiting the action of
noradrenaline and adrenaline, two hormones often associated with anxiety (Deepmala &
Agrawal, 2014). Propranolol has been used for decades to manage anxiety associated
with stage fright, exam-related anxiety, and interview-related anxiety (Brantigan et al.,
1982; Stone et al., 1973). Thus, it would be appropriate to theorize that propranolol
would be an effective therapeutic treatment option for anxiety in individuals with ASD.

An additional consideration that is more recently being researched is the
difference in symptomology between males and females with ASD. The majority of
epidemiological research studies report the diagnosis of males to females at a ratio of 4:1
(Fombonne, 2009; Lyall et al., 2017). It is not uncommon for females to go undiagnosed
or to be diagnosed late, as females seem to require more symptomology to be present in
order to be diagnosed (Begeer et al., 2013; Lai et al., 2015; Petrou et al., 2018).
Additionally, and more closely pertaining to this research, females with ASD score lower
than males on measures of RRBs and are less likely to show restricted interests than

males (Hartley & Sikora, 2009; Hiller et al., 2014; Lehnhardt et al., 2016). This research
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supports the theory that there will be sex differences shown between the behaviors of the
rats with ASD and without.

The need to further study ASD is imperative in order to develop a set of practices
to allow for the reading of the Bible constructively in relation to individuals who suffer
from ASD. The drastic increase in diagnoses and prevalence of ASD requires Christians
to look at the condition and to question what it means to think Biblically about what it
means to have such a diagnosis (Macaskill, 2022). This research will potentially aid in a
deeper understanding of ASD and what it means to think Biblically about the condition.

Definition of Terms (the cost of ASD)
The following is a list of definitions of terms that are used in this study.

Autism and Developmental Disabilities Monitoring (ADDM) Network — Term
one is defined as is a program funded by CDC to collect data to better understand the
number and characteristics of children with autism spectrum disorder (ASD) and other
developmental disabilities living in different areas of the United States (CDC, 2023).

Autism Spectrum Disorder (ASD) — Term two is defined as persistent deficits in
social communication and social interaction across multiple contexts, as manifested by
the following, currently or by history and restricted, repetitive patterns of behavior,
interests, or activities, as manifested by at least two of the following, currently or by
history (CDC, 2023).

Beta adrenergic receptor antagonists — Term three is defined as a drug that
binds to receptors in the lungs and heart causing the heart to beat faster and relaxes the

muscles in the airways, allowing them to open up (Cleveland Clinic, 2023).
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Biomarkers — Term four is a distinctive biological or biologically derived
indicator (such as a metabolite) of a process, event, or condition (such as aging, disease,
or oil formation) (Merriam-Webster, 2023).

Diagnostic and Statistical Manual of Mental Health, Fifth Edition, Text
Revision (DSM-5 TR) — Term five is defined as the standard classification of mental
disorders used by mental health professionals in the United States (APA, 2023).

Dizygotic twins — Term six is defined as twins that develop from two separate
eggs (Cambridge Dictionary, 2023).

Epigenetics — Term seven is defined as a branch of genetics that studies the
chemical reactions that turn genes on and off (Cambridge Dictionary, 2023).

Food and Drug Administration (FDA)- Term eight refers to an organization
responsible for protecting public health by assuring the safety, efficacy, and security of
human and veterinary drugs, biological products, medical devices, our nation's food
supply, cosmetics, and products that emit radiation (FDA, 2023).

Gene — Term nine is a unit of heredity which is transferred from a parent to
offsprings and is held to determine some characteristic of the offspring (Merriam-
Webster, 2023).

Geopolitically — Term ten is defined as in a way that is connected with political
activity as influenced by the physical features of a country or area, or with the study of
the way a country’s size, position, etc. Influence its power and its relationships with other
countries (Cambridge Dictionary, 2023).

Infantile — Term eleven is defined as of or relating to infants or infancy

(Merriam-Webster, 2023).
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Insomnia — Term twelve is defined as a common sleep disorder where a person
may have trouble falling asleep, staying asleep or getting good quality sleep (NIH, 2023).

Monozygotic twins — Term thirteen is defined as two babies born to the same
mother at the same time and develop from just one egg (Cambridge Dictionary, 2023).

Neurodevelopmental Disorder — Term fourteen is defined as conditions
characterized by impairments in cognition, communication, behavior and/or motor skills
resulting from abnormal brain development (AMA, 2013).

Pathophysiological — Term fifteen is defined as the functional changes that
accompany a particular syndrome or disease (Merriam-Webster, 2023).

Pharmacological — Term sixteen is defined as the science of drugs including their
origin, composition, pharmacokinetics, therapeutic use, and toxicology (Merriam-
Webster, 2023).

Prenatal — Term seventeen is defined as occurring, existing, performed, or used
before birth (Merriam-Webster, 2023).

Prolific — Term eighteen is defined as causing abundant growth, generation, or
reproduction (Merriam-Webster, 2023).

Propranolol — Term nineteen refers to a class of medications called beta-
blockers. It works by relaxing blood vessels and slowing heart rate to improve blood flow
and decrease blood pressure (NIH, 2023).

Restricted Repetitive Behavior (RRB) — Term twenty is defined as behavioral
patterns characterized by repetition, inflexibility, invariance, inappropriateness, and

frequent lack of obvious function or specific purpose (Tian et al., 2022).
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Selective Serotonin Reuptake Inhibitors (SSRI) - Term twenty-one refers to a

class of medications most commonly prescribed to treat depression (NIH, 2023)
Significance of the Study

ASD affects approximately 2% of children in the US, yet effective treatment
options are severely lacking (Frye et al., 2019). Children with ASD and their families
have to rely heavily on social, educational, and medical systems for support, creating a
significant weight for all involved. Anxiety disorders are very common and often co-
occurring conditions in individuals with ASD (van Steensel et al., 2011; Vasa &
Mazurek, 2015). Anxiety is a well-known associate of RRBs with extensive research
suggesting that RRB severity is an indicator of risk for increased anxiety symptoms in
ASD (Baribeau et al., 2020; Keating et al., 2023; Sellick et al., 2021)

Restricted and repetitive behaviors affect individuals with ASD strongly and are
considered to be disabling symptoms for not only the individual suffering from ASD, but
also for the patient's family members (Bishop et al., 2007). Past research shows that early
specific RRB symptoms can predict the severity and outcome of ASD, with specific
studies indicating that preschool children with ASD who displayed RRBs tended to have
worse school-aged language outcomes that those who did not exhibit RRBs (Charman et
al., 2005; Miller et al., 2021; Paul et al., 2008 Troyb et al., 2016). The findings of this
study will provide further insights into how individuals with ASD respond to certain
pharmacological treatment options in order to help alleviate the symptoms associated
with ASD.

Additionally, the findings of this study should further the investigation into how

ASD and treatment options affect males and females differently. Early evidence supports
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the idea that gender plays a significant role in diagnosing, treating, and symptomology of
patients with ASD (Comparan-Meza et al., 2021).

Summary

The primary goal of this study is to characterize how the number of restrictive,

repetitive behaviors changes after the administration of propranolol in differing doses in
an autism model of Sprague-Dawley rats. Additionally, we will also look at how gender
moderates the change in the number of restrictive, repetitive behaviors once the drug is
administered. ASD is a complex disorder that is diagnosed on a spectrum and
characterized primarily by deficits in social communication and interactions and
restricted repetitive behavior (RRB) patterns (APA, 2013; Comparan-Meza et al., 2021).
While there are drugs used to treat some of the side effects of ASD in males and females,
there is not an FDA approved drug to treat the disorder, and research is lacking in
knowing the differing treatment effects on males and females. This research will aid in
further discovering not only additional treatment options for the debilitating side effects
of ASD, but also to better understand how these treatment options affect the individual

whether male or female.
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CHAPTER 2: LITERATURE REVIEW
Overview

Autism Spectrum Disorder (ASD), first published by Dr. Leo Kanner in the
1940s, is a neurodevelopmental disorder characterized by deficits in social
communication and restricted repetitive behavior patterns. ASD affects an individual’s
biologic, neurologic, cognitive, social, and linguistic traits, making it a complex and
crucial disorder to research. Although there are many theories on the cause of ASD,
studies have not been conclusive and are often difficult to replicate. Additionally, there
are currently no FDA-approved drugs for the treatment of ASD as a whole, and the drugs
prescribed to treat the symptoms of ASD often have negative side effects, and long-term
efficacy has been brought into question.

Restricted repetitive behaviors (RRBs), a core symptom of ASD thought to be
associated with anxiety, currently do not have an FDA-approved drug treatment option;
thus, the need for further investigation is imperative. Propranolol is a beta-blocker often
prescribed to individuals to treat anxiety-like symptoms and could be a potential
treatment option for individuals with ASD. With ASD being a complex disorder, there
may also be gender differences not only in the presentation of ASD but also in the
treatment options that need further exploration as well.

Although the exploration into ASD is imperative, it is also important to think
Biblically about the disorder and to recognize that while it is labeled as a disability, it
does not necessarily mean that it needs to be cured. Researching options for alleviating
the burden of the symptoms of ASD, such as RRBs, is more beneficial to an individual

than a persistent need to find a cure.
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Description of Search Strategy

The search strategy began in 2022 using databases such as PubMed and Google
Scholar. A combination of terms was used in the main search strategy, such as autism
spectrum disorder restricted repetitive behaviors beta blockers, AND differences AND
gender differences anxiety propranolol ASD drug therapies and RRB drug therapies
AND anxiety drug therapies AND polypharmacy and ASD AND Oxytocin and ASD
AND Cannabis and ASD AND marble burying AND ASD rodent model AND biblical
references to mental health.

Additionally, biblical research was conducted with the use of the website Bible
Gateway and Google. In each of the databases, the searches were further limited to
English language, published between 2019-2023, and peer-reviewed articles. A number
of sources were found outside of this time frame as it was somewhat limited to only use
in the last five years. Only full-text articles were reviewed and chosen for inclusion based
on the information presented in each article.

Review of Literature
Autism Spectrum Disorder
Origination of ASD

Autism spectrum disorder is a developmental disability that is characterized by
deficits in social communication and interactions and restricted repetitive behavior (RRB)
patterns (APA, 2013; Comparan-Meza et al., 2021). A psychiatrist by the name of Leo
Kanner was the first to publish a description of early infantile autism in the early 1940s.
Kanner founded and directed the child psychiatry program at Johns Hopkins University

School of Medicine and authored the first textbook on child psychiatry (Harris, 2018). He
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is most well-known for his 1943 paper, Autistic Disturbance of Affective Contact, the first
description of ASD as a neurodevelopmental disorder (Kanner, 1943, 1968).

Thirty years later, Lorna Wing and Judith Gould examined autism using Leo
Kanner’s diagnostic criteria. They found a large number of children with what was
called, at the time, Kanner autism demonstrated difficulties with social interactions,
communication, and imagination (National Autistic Society, 2023). It was not until the
late 1990s and into the early 2000’s that autism started to be discussed on a spectrum and
encompassed Autistic Disorder, Asperger’s Disorder, Pervasive Developmental Disorder
— not otherwise specified (PDD-NOS), Rett Disorder, and Childhood Disintegrative
Disorder (DSM-1V, 1994).

In 2013, the DSM-5 was released, and the diagnostic terminology for Autism
changed yet again. The DSM-5 removed the separation of the diagnosis and created one
continuum known today as autism spectrum disorder, or ASD (Faroy et al., 2016). This
change created the need for further exploration into the disorder and the treatment options
that would be the most effective for each individual.

Initial Tracking and Diagnosing- POSSE

While the initial description of ASD was in the 1940s, the tracking of ASD in the
United States only dates back to 1998 following the first CDC study based in Brick
Township, NJ. A citizen group named POSSE, Parents of Special Services and
Education, living in the town had concerns about a larger than expected number of
children with ASD. The main concern was that environmental factors may be playing a
role in the increased instances of ASD. The role of environmental factors as a contributor

to ASD is still being researched as a theory to this day.
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Clinical evaluations by a developmental pediatrician were conducted using the
Autism Diagnostic Observation Schedule-G (ADOS-G) along with a battery of tests to
assess the language, spatial-cognitive, intellectual, and adaptive functioning of each child.
The findings of this study found that the rate of ASD in Brick Township was 4.0 per
1,000 children. These rates were higher than any other rates that had been previously
diagnosed in the United States thus far (Bertrand et al., 2001; CDC, 1998). This study led
to the broadening of diagnostic criteria and improved recognition for diagnosing and
treating ASD.

Genetic Component of ASD

Those with ASD face unique challenges in that the negative impacts span
adaptive, biologic, neurologic, cognitive, social, and linguistic traits (Hus & Segal, 2021;
Hus & Segal, 2021). ASD can be inherited, but there is no specific gene or marker for
determining its presence (Hus & Segal, 2021; Charman & Gotham, 2013). It has
additionally been found that the prevalence of ASD varies geopolitically, with an extreme
rise in occurrence from 1 in 2000 to 1 in 54 in less than 50 years (Hus & Segal, 2021,
Edelson, 2021).

A number of researchers have conducted studies that have found factors that
could contribute to an ASD diagnosis, including epigenetics, increased parental age,
neonatal complications, and environmental exposures, to name a few (Bilder et al., 2009;
Gardener et al., 2011; Gregory et al., 2009; Grether et al., 2009; Hu et al., 2006;
McCanlies et al., 2012; Newschaffer et al., 2002; Reichenberg et al., 2006; Schmidt et al.,

2012; Shelton et al., 2010; Windham et al., 2006). However, these studies have not
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concluded significance and are often difficult to replicate, leaving room for much more
needed research.

Folstein and Rutter (1977) conducted twin studies and found incidence among
siblings was 50x higher than average, with an 80% chance that if one identical twin is
diagnosed, the other will also have an ASD diagnosis (Nuwer, 2015). Additionally, it was
found that monozygotic twins were more likely to share a diagnosis than dizygotic,
further suggesting a genetic influence (Bailey et al., 1995; Rylaarsdam & Guemez-
Gamboa, 2019). These findings were groundbreaking in the study of the involvement of
genetics with ASD.

Even with the incredibly high and increasing rates of diagnosis in the United
States, there are serious limitations when trying to identify, diagnose, and treat ASD.
These challenges arise due to the fact that the diagnosis is based solely on observation.
There are no true biological measurements to date that can identify the
pathophysiological processes that aid in diagnosing or treating ASD (Frye et al., 2019).
Additionally, much of the research that is being used is based on parent-observation as
opposed to a clinician or specialist. As previously stated though, ASD is heavily and
becoming increasingly researched with the steady rise in diagnosis.

Ongoing research is taking place to develop biomarkers to measure the biological
abnormalities associated with ASD that will allow for better detection and treatment
options for those affected, but much research is still needed to find conclusive results. A
biomarker is an objective measure of pathophysiological processes or pharmacologic
responses to therapeutic interventions. Biomarkers help to diagnose a disease, classify

disease severity, indicate prognosis, or predict or monitor response to type of therapy
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(Biomarkers Definitions Working Group, 2001). A genetic biomarker for ASD could
potentially change treatment options, both in terms of behavioral and pharmacological.
Prenatal Risks and ASD

In recent years, there has been an abundance of research into prenatal factors
playing a role in the development of individuals with ASD. There is little awareness of
how an infection or fever during pregnancy can affect offspring in terms of mental health
issues. It has been estimated that 30% of schizophrenia diagnoses could be prevented
with the prevention of viral, bacterial, and parasitic infections during pregnancy (Brown
et al., 2010; Patterson, 2011).

While the impact of schizophrenia on offspring is important to note, it has also
been found that viral infections have a strong association with ASD. A study that looked
at over 10,000 ASD cases found a strong association with maternal viral infection in the
first trimester. Additionally, an association was found between bacterial infections during
the second trimester and ASD (Atladottir et al., 2010).

Additional research has demonstrated that changes in the composition of the gut
microbiome during pregnancy may also contribute to ASD in offspring (Mayer et al.,
2014). A pilot study examined children with ASD and the gut microbiome of the
mothers. The findings showed a dramatic variation between the mothers of ASD children
and the mothers of TD children (Li et al., 2019).

An additional concern for offspring developing ASD due to complications during
pregnancy is iron deficiency (ID). A study that used health and population data from the
Stockholm Youth Cohort evaluated over 500,000 children to find a correlation between

children with ASD and mothers who were diagnosed with anemia during pregnancy. The
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results showed that the prevalence of ASD, ADHD, and ID was higher among children
born to mothers who received an anemia diagnosis during their first trimester
(Wiegersma et al., 2019).

There are many issues during pregnancy that are being found to have correlations
with neurodevelopmental disorders. It has been found that something as simple as a fever
during pregnancy may be implicated in offspring having ASD. A study conducted in
Norway that looked at maternal fever in the second semester found an association with an
elevated risk of ASD, and a study in California found second-trimester fever to double
the risk of ASD in offspring (Brucato et al., 2017; Hornig et al., 2017).

The Cost of ASD

ASD has become one of the more prolifically researched medical disorders of this
time due to the number of individuals it affects and the rapidity of its increase in
diagnoses. Over the past three decades, the prevalence of ASD is now estimated to affect
2% or more of children in the United States (Christensen et al., 2018; Xu et al., 2019).
The disability of an individual with ASD not only affects the quality of life for the
individual and the individual’s family or caretakers, but it also carries a significant
economic burden.

A diagnosis of ASD typically carries a substantial cost spanning the lifetime of
the individual and their family members. A case study using parent reports from almost
46,000 children aged 3-17 with an ASD diagnosis was conducted to assess the cost of the
diagnosis for the caretakers. The annual per-child cost of ASD relative to a child without

an ASD diagnosis was close to 4000$ (Zuvekas et al., 2021). It should also be taken into
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consideration that, at times, one family may have more than one individual with an ASD
diagnosis, thus adding to the financial strain.

The economic burden does not simply affect the caretakers and family members
involved, but it also affects the country as a whole in terms of healthcare costs. In 2015, it
was found that ASD cost the US over $260 billion dollars and is projected to cost over
$460 billion by 2025 (Rogge & Janssen, 2019; Leigh & Du, 2015). The rising cost of
ASD in the U.S. further confirms the need for further research on diagnostic and
prevention treatment options.

Early Recognition and Intervention for ASD

There are currently both behavioral and pharmacological treatment options
available for the symptoms of ASD, but unfortunately, these treatment options do not
reach every individual diagnosed. The National Survey of Children’s Health found that
among 1115 children with a diagnosis of ASD, only 43.3% are treated with behavioral
treatment, 6.9% are treated with medication, and an astounding 29.5% receive no
treatment at all (Xu et al., 2019).

Among the treatment options are behavioral therapy, nutritional therapy, joint
attention therapy, and medication treatment. Unfortunately, ASD is a complex diagnosis
and the most effective therapies for one individual with ASD are often not the same for
another individual with ASD (NIH, 2023). The best prognosis for a child with ASD has
been found to be early intervention paired with prompt and evidence-based intervention
strategies (Zwaigenbaum et al., 2015).

Growing evidence supports the idea that ASD can be diagnosed accurately prior

to 2 years of age (Chawarska et al., 2007; Guthrie et al., 2013). Additionally, research has
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shown that age two is a particularly important year for intervention due to the dynamic
brain growth that is occurring and the substantial neural plasticity that is happening,
providing the potential to alter the course of development for the individual (Courchesne
etal., 2011; Dawson et al., 2008; Lewis et al., 2014).

Topography of ASD

Individuals with ASD often develop difficult and challenging behaviors. These
behaviors are not seen as culturally or socially acceptable, may put the physical safety of
themselves or others in jeopardy, limit access to community settings, and/or affect the
learning of the individual or those around them (Hong et al., 2018; Matson et al., 2010).
Some of the more common topographies of challenging behaviors are repetitive
stereotypic vocalizations, elopement, disruptions or tantrums, and self-injury (Horner et
al., 2002; Jang et al., 2011).

Research that analyzed challenging behaviors in over 2000 individuals with ASD
receiving behavioral intervention found that in most cases, one specific behavior emerges
as the dominant behavior (Hong et al., 2018; Stevens et al., 2017). It should be noted,
however, that difficult and challenging behaviors are not a part of the ASD diagnosis, and
the topography of the behaviors typically is not treated until a diagnosis already persists.
ASD, Irritability, and Sleep Disturbances

One of the most discussed symptoms associated with ASD is high levels of
irritability. Irritability is often associated with adverse responses to certain sensory
stimuli, such as a strong smell or a sound (Haimovich et al., 2023). These associated
sensory problems are now described in the DSM-5 as presenting restricted, repetitive

behavior patterns (American Psychiatric Association, 2013).
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Additionally, sensory sensitivities are found to be correlated with sleep
disturbances. Sleep disturbances are reported in 44-84% of children with ASD, in
contrast to 10-30% in TD children (Hirata et al. 2016., Little et al. 2018). Changes in
sleep disturbances could potentially have an effect on the improvement of certain ASD
symptoms, such as RRBs.

A study investigated anxiety in ASD individuals and the relation it has to
increased ASD symptoms and sleep disturbances. It has been well established that ASD
children often have sleep problems, including insomnia, delayed onset of sleep, shorter
sleep duration, and increased levels of sleepwalking (Cortesi et al., 2010; Elrod & Hood,
2015; Posar & Vlsconti, 2020). Previous research has found that these sleep problems
were linked to higher levels of anxiety, but more recent research found that anxiety and
sleep disorders may be bidirectional (Adams et al., 2014).

An additional study by Distefano et al. (2023) looked at how sleep disorders
affect the core symptoms of ASD and their relationship with clinical symptoms. The
results showed that sleep disorders were heavily associated with ASD symptoms such as
anxiety, withdrawal, depression, aggression, tantrums, and inattention. Pharmacological
therapeutic options to alleviate sleep disorders could potentially result in lower rates of
anxiety and anxiety-like behaviors, such as RRBs, in individuals with ASD.
Non-pharmaceutical ASD Treatment Options

With the two main symptoms that are used to diagnose ASD both being
behavioral, the preferred form of treatment is often centered around behavioral therapy.
The most notable behavioral treatment option for ASD is Applied Behavior Analysis

(ABA), which encourages desired behavior and discourages unwanted behaviors through
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reinforcement (CDC, 2022). The two types of ABA therapy that are the most popular are
discrete trial training (DTT) and pivotal response training (PRT) (Pruneti et al., 2023).

DTT and PRT are similar in that they both train an individual to build skills, but
DTT is a structured form of skill building, and PRT usually occurs in a more natural
environment through play (Chicago ABA Therapy, 2017). Along with the more popular
behavioral therapy options for ASD, there are a number of other interventions that are
employed as well. The treatment and education of autism and communication
handicapped children (TEACCH), picture exchange communication system (PECS),
early start Denver model (ESDM), and early intensive behavioral intervention (EIBI) are
other recognized behavioral treatment options for individuals with ASD.

Pruneti et al. (2023) conducted research to determine the efficacy of these
treatment options for ASD. The comparative analysis showed that all of the previous
behavioral methods mentioned were effective in improving the side effects associated
with ASD. While behavioral therapy is proven to be effective, there are disadvantages to
the implementation of behavioral therapies, such as the selection of the appropriate
intervention, the time it takes to implement and to see change, and the cost of the services
(Pros and Cons of ABA Therapy, 2023).

Restricted Repetitive Behavior

RRBs

Restricted repetitive behavior (RRB) patterns are a core symptom of ASD that
have been discussed and described in detail by many specialists dating back to Leo
Kanner and Hans Asperger. Both specialists discussed not only the extent to which
children appreciate sameness but also the stereotypic movements an individual with ASD

would make (Asperger, 1952, p.43; Kanner, 1973, p. 63). RRBs are characterized by high
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frequency, repetition in an invariant manner, and a desire for sameness in the
environment (Kanner, 1943; Leekam, 2011).

The DSM-5 (2013) divides RRBs into four subtypes: (a) Stereotyped or repetitive
movements, use of objects, or speech. (b) Insistence on sameness, inflexible adherence to
routines, or ritualized patterns of verbal or non-verbal behavior. (c) Highly restricted,
fixated interests that are abnormal in intensity or focus, and (d) Hyper- or hypo-reactivity
to sensory input or unusual interests in sensory aspects of the environment. Although
there are guidelines for assessing whether an individual is presenting RRBs, they have
not received the attention needed with how crucial they are to the diagnosis.

RRBs and Cognition

Initially, researchers thought that RRBs were a result of executive function (EF)
impairment. Executive function was a term first proposed in the mid-20" century to
explain the functions of the frontal lobe. The frontal lobe received much attention for
needed research following certain studies, such as the case study of Phineas Gage, where
it was found that frontal lobe damage led to impairment of planning, organizing, self-
regulation, and impaired discrete functions (Demetriou et al., 2019; Harlow, 1868). As
science has advanced and neuroimaging has become more of a possibility, many
discoveries have been made in understanding the frontal lobe and how it affects behavior
(Szczepanski & Knight, 2014).

Multiple researchers have thus looked to the frontal lobe for signs of impairment
in individuals with ASD. It has been found that the frontal lobe in ASD patients is
overgrown relative to the other regions of the brain (Buxhoeveden et al., 2006).

Additionally, it has been found that there are gene expression changes in the cerebral
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cortex of individuals with ASD that include distinctions between the frontal and temporal
cortices in ASD brains (Voineagu et al., 2011). The distinctions between brain regions
could further allude to why individuals with ASD partake in the behaviors they do.

Although RRBs are a core symptom of ASD, understanding why an individual
with ASD partakes in these behaviors is still unknown. Ravizza et al. (2013) researched
the idea that they could be due to deficits in attention and a lack of motor control.
Individuals with ASD typically have selective attention toward one object, interest, or
ritual. Multiple studies have found that children with ASD are not able to switch attention
as rapidly as those without (Harris et al., 1999; Townsend et al., 1999; Wainwright-Sharp
etal., 1993).
Set-Shifting

An early focus in researching ASD and RRBs focused on set-shifting. Set shifting
is the ability to shift mindset to new concepts. Essentially, individuals who suffer from
ASD are impaired in their ability to switch from one learned rule to a new rule when
trying to change behavioral contingencies (Corbett et al., 2009; Geurts et al., 2009;
Kaland et al., 2008). The inability to set shift could be what leads individuals with ASD
to engage in restricted behaviors, affect their level of intelligence, induce aggressive
behavior, and affect self-control and level of social activity (Farrelly & Mace, 2015;
Memari et al., 2013; Visser et al., 2014).

Researchers over the years have developed strategies and interventions to improve
flexibility in individuals with restricted behavior habits. An intervention titled Unstuck
and On Target (UOT), was developed to target insistence on sameness in individuals

with ASD (Kenworthy et al., 2014). UOT used experiments involving videos and
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discussion scenarios in an attempt to train children in physical/mental flexibility goal
setting, and planning. In comparing the effectiveness of UOT, the results showed
significant improvements in the children’s ability to remain flexible and set goals.

Saniee et al. (2019) conducted a study of set-shifting improvement tasks (SSIT) in
an attempt to improve set-shifting abilities in preschool aged children with ASD. The
idea behind the tasks was that if an individual with ASD can learn how to shift, it will aid
in perseverating behaviors and a number of emotional and behavioral problems. A home-
based computer game was developed, and the participants were to train on the game and
see if the learned abilities extended to their daily lives. The results of the study showed a
major impact on behavioral and cognitive flexibility.

When RRBs Present

RRBs are said to be identifiable as early as 12 months as they are among the
earliest detectable behavioral markers of ASD (Elison et al., 2014; Harrop et al., 2014;
Ozonoff et al., 2008). Additionally, it was found that infants who had a high familial risk
for ASD and later received a diagnosis of ASD have elevated repetitive behaviors early in
life (Wolff et al., 2014). This research shows that RRBs could be an effective way for an
early diagnosis of ASD and, thus, earlier prevention strategies.

A challenging aspect of RRBs that should be noted is that they are not specific to
individuals with ASD. Not only do they present in typically developing children, but they
also present across a range of neurodevelopmental disorders (Evans et al., 2016; Hoch et
al., 2016). An effective way to distinguish between normative RRBs and those predictive

of risk for ASD is to look at the change in RRBs over time (Sifre et al., 2021).
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Uljarevic et al. (2017) analyzed data from individuals with RRBs at 15 months of
age until 77 months of age. Three different time points were used, 15, 26, and 77 months,
and the Repetitive Behavior Questionnaire-2 (RBQ-2) was sent to parents to fill out. The
RBQ-2 is a 20-item questionnaire to assess repetitive behaviors occurring in both
children with ASD and typically developing (TD) children. The results showed that
RRBs were present as young as 15 months and still at 77 months of age, showing
consistency across time for individuals with ASD.

How RRBs Present

As previously stated, RRBs present as repetitive movements, use of objects or
speech, inflexible adherence to routines, or ritualized patterns of verbal or non-verbal
behavior, and highly restricted, fixated interests (American Psychological Association,
2013). To date, there is not a clear representation of how RRBs differentiate between TD
children and children with ASD. There is also limited research that tracks the trajectory
of RRBs and their later outcome for those children (Leekam et al., 2011).

According to the Kennedy Kreiger Institute (2023), RRBs often present in
repetitive movements such as hand flapping or lining up items in a row. There may also
be an insistence on sameness, such as taking the same route to school every day or doing
activities in exactly the same order every time. An individual with ASD may also display
repetitive speech, referred to as echolalia, however, there is not much that is known about
the group of children with ASD who are minimally verbal. (Harrop et al., 2021).

Researchers have additionally started to subdivide RRBs into two factors known
as “lower-order” and “higher-order.” Lower-order RRBs are characterized by stereotyped

motor movements, repetitive forms of self-injurious behaviors, and repetitive movement
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of objects. Higher-order RRBs are more likely to include echolalia, insistence on
sameness, and extreme attachments to objects (Chaxiong et al., 2022). An additional way
of categorizing RRBs is to organize them as repetitive sensory motor (RSM) or insistence
on sameness (IS) (Hiruma et al., 2021; Uljarevic et al., 2017).
Sleep Problems and RRBs

It has previously been found that children with neurodevelopmental disorders,
such as ASD, suffer from problems sleeping much more than TD children (MacDuffie et
al., 2020; Mannion et al., 2013; Maskey et al., 2013; Reynolds et al., 2019). Additionally,
sleep problems have been associated with an increase in RRBs for individuals with ASD
Cohen et al., 2014; Goldman et al., 2009; Hundley et al., 2016; Park et al., 2012; Tudor et
al., 2012). Previous findings support the idea that the association between RRBs and
sleep problems is often due to anxiety in the individual with ASD (Hundley et al., 2016).

A more recent study investigated the course of RRBs in early development in
relation to the sleep problems reported by parents of children with ASD. The findings
were interesting in that the reported association between sleep and RRBs remained
consistent with previous findings until the children were assessed at a single timepoint of
age 4. MacDuffie et al. (2020) found that at age 4, anxiety symptoms and sleep problems
independently contributed to RRBs. This research may support the idea that individuals
with ASD should be assessed in narrower timepoints in early childhood when ASD
symptoms initially start to present.
Anxiety and RRBs

While RRBs are a well-established symptom of ASD, the specific cause of RRBs

for an individual with ASD remains elusive. The onset and continuance of RRBs are seen
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as somewhat of a cycle where the individual initiates a repetitive behavior to block out
the noises of the environment, signaling the individual to behaviorally adapt. The RRBs,
thus, increase in frequency and intensity as a response to the escalating environmental
signaling (Cashin et al., 2018; Cashin & Yorke, 2016; Frawley, 2008). It is thought that
levels of anxiety and depression escalate once this cycle commences (Cashin, 2016).

Anxiety is found to be one of the most prevalent comorbidities with an ASD
diagnosis, with approximately 30% of individuals with ASD also presenting with an
anxiety disorder (Hollocks et al., 2019). Additionally, there have been significant positive
associations found between RRBs specifically and anxiety in children with ASD (Magiati
etal., 2016; Teh et al., 2017).

Kuzminskaite et al. (2020) conducted a study to assess whether social
communication difficulties or RRBs were more likely a risk factor for causing anxiety-
like symptoms in individuals with ASD. The results indicated that RRBs, higher-order,
and lower-order, significantly predicted anxiety symptoms in individuals with ASD. It
was additionally found that when RRBs were considered together with social
communication difficulties, there was no significant prediction for anxiety. It was only
when RRBs were considered alone that there was a positive correlation.

Pharmaceutical Therapy and RRBs

Early recognition of RRB symptoms can help predict the severity and outcome of
ASD, making RRBs incredibly important to be aware of (Miller et al., 2021; Tian et al.,
2022; Troyb et al., 2016). While there are drugs that are approved and used to help in

treating ASD symptoms, there are currently no drugs approved by the FDA to target the
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symptoms of restricted and repetitive behaviors to date, but that has not stopped
researchers from trying (London et al., 2020).

A data analysis was conducted that analyzed the data for 41 drugs across 100
trials and 17 dietary supplements across 43 trials and 7450 participants. The results of
this study showed that children with social-communication difficulties showed
improvements with risperidone, aripiprazole, folinic acid, probiotics, and bumetanide.
There was some crossover for RRBs, with improvements shown with risperidone,
aripiprazole, atomoxetine, bumetanide, valproate, and guanfacine. The most significant
results for both social communication and RRBs were shown when the individual
received risperidone and aripiprazole (Siafis et al., 2022).

An additional study was conducted that assessed the placebo response in relation
to pharmacological and dietary supplements in core symptoms of ASD. An analysis of
2360 participants on a placebo was included in the analysis, and both social
communication deficits and RRBs were assessed. The results showed that about 20% of
the participants significantly improved while taking a placebo compared to a
pharmacological or dietary supplement (Siafis et al., 2020). It should be noted that it has
been argued that the placebo response may be more significant in children and
adolescents than adults. However, this study did not find a difference between age groups
(Weimer et al., 2013).

Finding a pharmacologically therapeutic option for treating the symptoms of ASD
is not the only hurdle, however. The efficacy and tolerability of the medication that is
used to treat the individual also have to be considered. Finding a medication that works

for an individual is typically a lengthy process that requires medication changes and



34

treatment trials throughout a patient's life (Holdman et al., 2022). There are studies that
support the efficacy and tolerability of methylphenidate and atomoxetine for ASD, but
there is much research still needed to assess the long-term use of the medications
(Rodrigues et al., 2021).
Pharmacokinetics and Pharmacodynamics

Historical Findings of Pharmacological Testing and ASD

As previously stated, there are currently no drugs that are approved by the FDA
for the treatment of ASD as a whole; however, there are some options for the side effects
of ASD. The most commonly prescribed medications for ASD are aripiprazole and
risperidone for treating irritability associated with ASD (NIH, 2021). The long-term use
and the side effects of both of these medications are often called into question, however.

Risperidone has been approved by the FDA to treat the irritability associated with
ASD since 2006, but it was initially used to treat schizophrenia (Hutchinson et al., 2023;
Mano-Sousa et al., 2021). The efficacy and tolerability have also been assessed in several
clinical trials and show a 70% response rate in efficacy for treating ASD symptoms
(Maneeton et al., 2018). Additional research has shown that treatment with risperidone
was comparable to a placebo, and there was no difference found between the drug and
placebo for tolerability (Hutchinson et al., 2023; Maneeton et al., 2018).

While an individual's cognition does not seem to be affected by risperidone, there
are other side effects to take into consideration. The physical health of the individual
should be assessed by prescribing pharmaceutical treatment options. A meta-analysis that

looked at weight gain for long-term and short-term risperidone use showed an increase in
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patients' weight when compared to baseline values and to a placebo (Mano-Sousa et al.,
2021).

Aripiprazole, the other drug approved by the FDA for ASD side effects, is also
used to treat irritability in individuals with ASD (NIH, 2021). Similar to risperidone,
aripiprazole was initially used to treat schizophrenia (NIH, 2023). A data analysis that
reviewed three trials found that aripiprazole was effective in treating irritability but did
cause weight gain, a higher risk for sedation, and tremors (Hirsch & Pringsheim, 2016).

An additional study that looked at olanzapine, risperidone, and aripiprazole use in
children with ASD found similar results. While the irritability was decreased, sedation
and duration of sleep increased; additionally, weight gain became a problem
(Hesapcioglu et al., 2020). It was additionally found that long-term use of aripiprazole
and risperidone can cause hyperglycemia, and the importance of monitoring for
symptoms such as polydipsia, polyphagia, and weakness (Marcus et al., 2011). While the
objective of the medication is to reduce the side effects associated with ASD, the adverse
effects should not be ignored.

A noteworthy concern with introducing pharmaceutical therapies for an individual
with ASD is that it often leads to polypharmacy or the use of multiple drugs to treat a
single ailment (Fieiras et al., 2021). Polypharmacy is found to be predicted by age, time
since ASD diagnosis, and psychiatric comorbidities (Croteau et al., 2017; Houghton et
al., 2017; Jobski et al., 2017; Spencer et al., 2013). It is found to be common practice, but
there is minimal effectiveness for multi-drug treatment options for ASD management

(Espadas et al., 2020; Li et al., 2017; Spencer et al., 2013). Additionally, studies show
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that polypharmacy is negatively associated with the health-related quality of life and
psychological stress of individuals (Wilder et al., 2022).
Current Research into Pharmaceutical Options

There has been a substantial amount of research into the pharmacological testing
for individuals with ASD, but there is still much research that is needed. While
risperidone and aripiprazole are currently, FDA approved and show signs of efficacy for
irritability, the use of other drugs is being tested, which may have lesser side effects and
long-term outcomes. Additionally, a drug that is used to treat ASD as opposed to simply
treating the conditions associated or using multiple medications to treat ASD would be
ideal.

Cannabis as a Treatment Option

Medical cannabis, or medical marijuana, is derived from the plant Cannabis
sativa, one of the world’s oldest propagated plants (Agarwal et al., 2019). There are many
controversies surrounding the use of cannabis both recreationally and medically. The
U.S. Drug Enforcement Agency (DEA) currently has cannabis categorized as a Schedule
| controlled substance, having a high potential for abuse and lacking the safety data
needed for the use under medical supervision (Bridgeman et al., 2017).

Cannabis has also often been cited as a gateway drug, simply meaning that it is
likely to precede the use of other licit and illicit substances (NIH, 2023). A three-year
study that looked at the relationship between cannabis use and alcohol use disorder
(AUD) found that there was a significantly increased risk for AUD following the use of
cannabis. Additionally, the use of cannabis predicted the persistence of the AUD within

three years of use (Weinberger et al., 2016).
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Despite its controversial standing legally, in 2014, approximately 22.2 million
Americans reported current recreational cannabis use (Substance Abuse and Mental
Health Services Administration, 2016). Additionally, cannabis has been gaining
popularity for medicinal use in treating a number of ailments, including but not limited to
the conditions associated with ASD (Agarwal et al., 2019). According to the World
Population Review (2023), as of March of 2023, 41 states and 13 countries have legalized
marijuana for medicinal purposes.

A case study review that assessed cannabis use for medicinal purposes found that
while cannabis could potentially show promise, the benefits of the use of cannabis for
ASD are insufficient (Agarwal et al., 2019). It is also important to note that the long-term
physical and mental health effects of cannabis on an individual are still unknown (Vigil et
al., 2022). Several studies have found an association between recreational cannabis use in
adolescence and cognitive impairment lasting up to 28 days following use (Bolla et al.,
2002; Medina et al., 2007; Pope et al., 2003).

A study conducted on the population of individuals in Northern Finland with a
sample size of 6534 individuals yielded interesting results pertaining to cannabis use and
psychosis. The results showed that the use of cannabis in adolescent years was associated
with psychosis, and the use of cannabis at least five times or more was positively
associated with a psychosis diagnosis (Mustonen et al., 2018). While the use of cannabis
may show promise in treating conditions associated with ASD in the short-term, the long-
term outcomes are still being researched.

Oxytocin as a Treatment Option
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Another drug that has been shown to be beneficial but is still not an FDA-
approved drug to prescribe to children with ASD is oxytocin. Oxytocin is a regulatory
hormone that is crucial to early life social learning and lifelong social behavior (DeMayo
et al., 2019). It has previously been shown in a number of studies to improve social
responsiveness and attachment styles in children with ASD compared to a placebo
(Bernaerts et al., 2020; Daniels et al., 2023; Yamasue et al., 2020).

A study that looked at the effects of oxytocin on social interaction when used as a
nasal spray yielded interesting results. The study looked at the effects of oxytocin on
social development in children (aged 3 to 12 years) with ASD. Unfortunately, there was
no overall benefit of using oxytocin as a treatment option for children with ASD as a
whole, but there was evidence showing that there was a benefit when used with younger
children aged 3-5 Guastella et al., 2022).

Additional research has looked at combining oxytocin with other drug therapies
as a treatment option for ASD. Although ASD is typically seen as neurodevelopmental
and behavioral, gut microbiome composition and inflammation have been reported to
also affect individuals with ASD (Alam et al., 2017). There is evidence that demonstrates
a connection between changes in behaviors with changes in the gastrointestinal (GI) tract
via the gut-microbiome-brain axis (Fung et al., 2017; Kong et al., 2019).

Kong et al. (2021) conducted a clinical trial that combined the use of oxytocin and
probiotics in patients with ASD. The study explored the two treatment options, both
alone and in combination with each other, against a placebo control group. The results
showed a trend of improvement in both social and behavioral measures, but only when

the two drug therapies were used in combination. While these results are promising, the
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risk of polypharmacy should not be forgotten when treating individuals with multiple
drug therapies at once.
Propranolol as a Treatment Option

While there are a number of drug therapies in trial phases to treat ASD, the search
for one that will receive FDA approval and prove efficacy and long-term safety has yet to
be found. Propranolol is a beta-blocker that is prescribed to individuals to treat high
blood pressure, tremors, and heart rhythm disorders (MedlinePlus, 2023). It is a
commonly researched drug as it is a beta-blocker that crosses the blood-brain barrier,
exerting its effects on the central nervous system in addition to its peripheral activity
(Steenen et al., 2016).

Along with heart problems, propranolol has also been used to help with the
physical symptoms of anxiety (NHS, 2023). According to past research, propranolol has
been shown to be effective in lowering emotional arousal, eradicating stage fright, and
alleviating anxiety-related cognitive dysfunction (Brantigan et al., 1982; Faigel et al.,
1991; Grillon et al., 2004; Szeleszczuk et al., 2022). As previously stated, anxiety is
found to be one of the most prevalent comorbidities with an ASD diagnosis (Hollocks et
al., 2019). Additionally, it is thought that RRBs are triggered by anxiety.

In the late 1980s, propranolol was tested to show improvements in language and
sociability in the context of ASD (Ratey et al., 1987). Additionally, propranolol has been
explored to test how it affects verbal abilities, working memory, facial scanning, and
functional connectivity (Berversdorf et al., 2008; Berversdorf et al., 2011; Bodner et al.,
2012; Narayanan et al., 2010; Zamzow et al., 2014). While this research is beneficial in

further understanding the effects of beta-blockers on an ASD individuals’ symptoms,
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there is a lack of research surrounding how it affects an important side effect of ASD,
specifically RRBs.

Gender Differences
Gender Differences for ASD Detection

In the most recent report on ASD prevalence, the CDC estimated that 1 in 36
children has an ASD diagnosis, with 4% being males and 1% being females (Maenner et
al., 2023). Detecting ASD in females has also been said to be more difficult because
females are more likely to behave in a quiet and timid manner in comparison to males. A
study conducted on children in India found that females without intellectual disability
(ID) were diagnosed significantly later than males with ASD (Malhi & Singhi, 2023). An
additional study supporting Malhi and Singhi’s study found that females without ID were
diagnosed almost two years later than males (Goin-Kochel et al., 2007).

A commonly researched idea for why there are more males than females is often
credited to a phenomenon called “camouflaging” (I.e., females masking their autistic
symptoms) (Hull et al., 2017). The idea of camouflaging suggests that the prevalence of
ASD in females may be higher than what is estimated and that it is simply harder to
detect in females than in males (Schuck et al., 2019). While camouflaging can happen in
both males and females, it is found to be much more likely in females.

An additional theory was proposed in 1981 by a researcher at the University of
Michigan in Ann Arbor named Luke Tsai. Tsai found that females with autism had more
relatives with autism on average than males. This finding alluded to the idea that girls
need to inherit more factors related to autism than boys do in order to show traits of ASD

(Tsai et al., 1981).
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Along with behavioral differences that are shown to be different in males and
females with ASD, neuroimaging studies have also demonstrated frontal lobe
abnormalities in male patients with ASD that were not present in female patients (Meng-
Chuan et al., 2013; Zeestraten et al., 2017). Additionally, there were significant gender
differences found in the motor system area of the brain, and fetal testosterone levels were
found to be correlated with gender differences as well (Baron-Cohen et al., 2011). In
addition, research is still needed to conclude what physiological differences are found
between males and females.

Gender Differences in RRB presentation

Previous research has found gender differences not only in the detection of ASD
but also in how the symptoms present. It should be noted that RRBs are commonly
observed in TD infants and toddlers, but persistence over time is what distinguishes
RRBs in ASD from what is observed in TD children (Matson et al., 2009). As previously
stated, early diagnosis and intervention are incredibly beneficial for the individual and the
caregivers when discussing ASD.

Due to an intricate history of the use of female subjects in research, females are
rarely studied independently from males in research. Harrop et al. (2015) conducted a
study with 29 males and 29 females to investigate whether males and females with ASD
show similar types and rates of RRBs in early childhood. While the study showed that
children older than six had suggested higher rates of RRBs in males with ASD, between
the ages of two and five, there were equivocal rates of RRBs shown between males and

females (Harrop et al., 2015).
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It has been previously found that males with ASD more frequently externalize
behavior problems such as aggression and hyperactivity, while females deal with greater
internalizing issues such as non-verbal communication and prosocial behavior patterns
(Rynkiewics et al., 2016; Antezana et al., 2019). Additionally, research has found
increased scores of stereotyped and restricted behaviors in males vs. females (Antezana et
al., 2018). While the research into gender differences is receiving recognition, there is
still much-needed research to have a better understanding of recognizing RRBs in males
and females.

Gender Differences and Treatment Options

The exploration of gender differences in the diagnosis and appearance of ASD has
been gaining popularity in recent years. Historically, the study of women’s health was
given the nickname “bikini medicine” due to medical professionals thinking that the only
difference between males and females biologically could be covered by a bikini
(Talesnik, 2018). It was not until 1993 that the NIH mandated including women in
clinical trials that were NIH-funded, but many investigators were still hesitant to follow
this policy (Clayton, 2016; Geller et al., 2018.).

The lack of inclusion with females in research also extends to preclinical drug
discoveries, where male cells and male animal models were predominantly used (Danska,
2014; Mauvais-Jarvis et al., 2017). In 2001, the U.S. Government Accountability Office
report found that the majority (80%) of drugs that were withdrawn from market use
exhibited greater adverse effects in women than in men (U.S. Government Accountability
Office, 2001). These findings could be due to a lack of research including females in

clinical drug trials.
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Without a deeper understanding of how an individual is affected and presents with
a disorder such as ASD, there will be a lack of understanding surrounding how to
approach and treat the individual based on their gender. Along with gender differences in
ASD, it has been found that there are differences in the influence of gender on the
pharmacokinetics and pharmacodynamics of drugs (Mauvais-Jarvis et al., 2021). A
deeper understanding into the gender differences surrounding pharmacology is also
needed in order to effectively treat individuals with ASD and other disorders.

As previously stated, propranolol is a beta-blocker that crosses the blood-brain
barrier, meaning that there is an effect on the central and peripheral nervous systems.
Propranolol is metabolized by a cytochrome in the liver that is different from men, and
that has a lower activity in women than in men (Labbé et al., 2000; Tanaka & Hisawa,
1999). Additionally, propranolol reaches plasma levels that are up to 80% higher in
women compared with men due to females having more adipose tissue than males
(Soldin et al., 2011).

Along with the physiological differences shown between genders, the optimal
effect of beta blockers may also be achieved with lower doses in women than in men
(Eugene, 2016). A study performed across 11 European countries suggested that women
with some heart conditions might require lower doses of beta blockers than men for
optimal effects (Santemaetal., 2019).

The differences in pharmacokinetics and pharmacodynamics of beta blockers,
such as propranolol, could aid in further understanding more appropriate pharmacological
therapeutic treatment options for ASD (Farkouh, 2020). The gender related difference

research that is lacking is the difference in how a beta-blocker, such as propranolol, will
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not only affect the gender differently overall, but how it will affect each gender's

response to RRBs which have also been found to be gender specific (Loftin et al., 2008).
Sprague-Dawley ASD Model and Subsequent Testing

Pesticide Exposure

Organophosphate (OP) compounds are chemicals that are today the most widely
used as insecticides, flame retardants, fuel additives, lubricants, plasticizers, and
pharmaceuticals (Richardson & Makhaeva, 2014). OPs are used in commercial
agriculture to control pests on fruit and vegetable crops. They are additionally used in
home gardens and occasionally for flea control on pets. OPs were also previously used in
homes to control ants and termites but were discontinued for this use in 2001 due to fear
of toxicity (CA.gov, 2023).

The CDC (2023) notes that some OP insecticides actually work by damaging an
enzyme in the body called acetylcholinesterase, which is critical for controlling nerve
signals in the body. The damage to this enzyme can potentially lead to unwanted side
effects if humans are exposed (CDC.gov, 2023). There is a growing body of evidence
suggesting that there is an association between gestational exposure to OPs and ASD
(Ongono et al., 2020).

Chlorpyrifos (CPF) is one of the most widely used OPs in the world. CPF is a
type of OP that has often been associated with an ASD diagnosis in humans and ASD-
like behaviors in rodents. Rats that are prenatally exposed to CPF have been shown to
have severe ASD-like symptoms and, thus, have been used to serve as a model for ASD

research (Fernandez et al., 2022). One of the main ASD-like symptoms shown in a rat
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following prenatal exposure to CPF are behaviors that are the most similar to RRBs in
ASD.
Marble Burying

A behavioral model often used in pre-clinical research for testing repetitive and
compulsive behavior is the marble-burying behavior test (Dixit et al., 2020). This test
allows researchers to fully measure compulsive behavior from an ASD rodent model by
observing their burying practices over a period of time. The rodent is often filmed while
in a polypropylene cage with clean glass marbles evenly spaced on the sawdust (Angoa-
Perez et al., 2013; de Brouwer et al., 2019; Hoffman, 2016).

Marble burying was initially used to test anxiety-related behaviors due to the
observation that the burying was reduced following the use of anxiolytics. It was later
found that the number of marbles buried depends on the intensity of the rodent's digging
behavior. These findings led authors to maintain that the marble-burying test is more
accurate for repetitive or compulsive behavior (Hoffman, 2016).

Biblical Foundations of the Study

As followers of Christ, we receive strict instructions to love and care for all
children, including those with special needs. Luke 18:16 states, “But Jesus called them to
him saying, ‘Let the children come to me, and do not hinder them, for to such belongs the
kingdom of God’” (Luke 18:16, ESV). Individuals with disabilities are used in powerful
ways in the Bible, and it is our duty as followers to not see limitations but to see the
potential someone has.

There is much speculation surrounding the disabilities of the people of the Bible.

Researchers such as Mathew and Pandian (2010) took it upon themselves to discuss the
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neurological diseases among biblical characters of the Old Testament. In their writing,
Samson was found to have autism, but there is no true way to confirm this information.
There were no diagnostic criteria or neurological diseases mentioned in the Bible as a
reference.

It was often thought that those who would now be diagnosed with a neurological
or developmental disorder were possessed by evil spirits or demons (Macaskill, 2022).
With this being said, it is imperative to try and change the narrative of how those with
developmental disorders, such as ASD, are viewed. Macaskill (2022) delves into the
importance of understanding what it means to think Christianly about something as
controversial as ASD. He discusses the importance of recognizing that while it is labeled
a disability, it is not necessarily something that needs to be cured.

Thinking Biblically about ASD could mean finding a way to meet the individuals
with the disorder where they are. In researching ways to alleviate the symptoms that
could distract them or potentially ostracize them from the church could aid in bringing
those individuals back to their Lord and Savior without distraction or fear of ostracism.

Summary

The continuation of research into ASD is imperative with the soaring diagnosis
rates and unknown origin of the disorder. There are many theories into the cause of ASD
including genetics, prenatal risks, and environmental factors, but the research has yet to
be conclusive. There are also a number of treatment options available for individuals with
ASD, but they are costly and timely, causing a great burden to the caregivers of those
with ASD. Additionally, very few FDA approved medications exist to treat the symptoms

of ASD, such as social impairments and RRBs. There is a need to further understand not
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only the disorder but also how it affects the individual, such as males and females,
separately. Research into the most effective treatment options for individuals with ASD
and the side effects associated is imperative for the best outcome for those who suffer
from the disorder and their family members. Matthew 10:8 tells us, “Heal the sick, raise
the dead, cleanse those who have leprosy, drive out demons. Freely you have received;

freely give” (Matthew 10:8, New International Version).
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CHAPTER 3: RESEARCH METHOD
Overview

This quasi-experimental study focused on an ASD model of Sprague-Dawley rats
and propranolol as a pharmaceutical treatment option for RRBs. Additionally, this study
further explored whether gender moderates a change in the number of RRBs once
propranolol was administered. My sample size for this research included 24 Sprague-
Dawley rats, 12 vehicle-controlled rodents, and 12 ASD model rodents. | conducted a
marble-burying behavioral test with vehicle and ASD rodents who received different
doses of the beta-blocker, propranolol, for each session. The process was recorded, and
data was analyzed at a later date. This chapter discusses the methods and data collection
process, along with the data analysis, and finally the assumptions, delimitations, and
limitations of this study.

Research Questions and Hypotheses

Research Questions

RQ1: How does the number of restrictive, repetitive behaviors change after the
administration of propranolol in an autism model of Sprague-Dawley rats?

RQ 2: Does gender moderate the change in the number of restrictive, repetitive
behaviors once propranolol is administered?
Hypotheses

Hypothesis 1. The number of restrictive, repetitive behaviors will be inhibited
following the administration of propranolol in an autism model of Sprague-Dawley rats.

Hypothesis 2: Gender will moderate the change in the number of restrictive,

repetitive behaviors once propranolol is administered.
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Research Design

Data was collected as part of a quantitative, static-group quasi-experimental
design. A static-group quasi-experimental research design is utilized often when the
outcome of interest is measured only once and when it is not feasible to conduct a
randomized controlled trial. A randomized controlled trial is the most beneficial design if
the efficacy of the intervention has not been established. This study incorporates a well-
established intervention that is widely accepted in previous literature, making a quasi-
experimental design the superior choice to a randomized control trial (Harris et al., 2006).

This type of research design was beneficial for this study as it evaluated the
association between an intervention (propranolol administration), and an outcome (the
number of RRBSs), without the need for random assignment (Schweizer et al., 2016). A
quasi-experimental research design was additionally advantageous in that it met some
requirements for causality (Shadish et al., 2002). Determining causality in this research
allowed for the discovery of key insights through exploring how propranolol and gender
had an impact on RRBs in individuals with ASD (Bojinov et al., 2020).

Previous studies of similar nature have been published using this type of design as
it would not be beneficial in determining the difference between an autism model rat and
a control group rat if the drug administration were randomly assigned. Additionally, it
would not be helpful in determining whether gender moderates change in RRBs once
propranolol has been administered if assignments were random. Ethical concerns could
also potentially exist if the design is randomized in that intervention in this study involves
exposure to a drug treatment (Mauldin, 2020).

Participants
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Female (200-250g, n=12) and male (275-325g, n=12) Sprague Dawley rats
(Envigo RMS LLC) were singly housed under a reversed 12 h/12 h light/dark cycle
(lights off at 0600 h); all experiments were conducted between 10 am and 2 pm, Monday
through Friday. A total of 24 rats were used for this experiment, with 12 serving as an
autism spectrum disorder model (6 males and 6 females) and 12 serving as control
subjects (6 males and 6 females). Rats had free access to food and water and were housed
in the animal facility at the University of Mississippi Medical Center. All experiments
were approved by the institutional animal care and use committee (IACUC # 2022-1170)
and conducted in accordance with the National Institutes of Health specifications outlined
in their Guide for the Care and Use of Laboratory Animals.

The rats that were used for this study were approximately seven to eight weeks
old. This age range was chosen as it ensures that the rodents will be of adult age and their
central nervous system myelination is complete (Downes & Mullins, 2013; Jackson et al.,
2017). An a-priori power analysis was conducted using G*Power version 3.1.9.7 to
determine the minimum sample size required to test this study’s hypotheses (Faul et al.,
2007). The results indicated the required sample size to achieve 80% power for detecting
a medium effect, at a significance criterion of a = .05, obtaining a sample size to
adequately test this study’s hypotheses.

Study Procedures
Securing IRB Approval

The procedures for this research project were conducted at the University of

Mississippi Medical Center (UMMC) which is my current employer as a research

technician under the direct supervision of the primary investigator, Dr. Amy Kohtz. An
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application was submitted to the Institutional Review Board (IRB) in order to ensure the
protocols for this project met guidelines set forth by the federal Office of Human
Research Protections. Once the application was submitted and approved with appropriate
protocols included, | requested a memorandum of understanding (MOU) between
UMMC and Liberty University (LU) to be created as seen in Appendix A. The MOU
ensured that LU and UMMC both approved the protocol. Once the MOU was signed and
approved by both institutions, the study procedures began.
Obtaining Subjects

Previous studies in Kohtz lab have exposed pregnant female rats to chlorpyrifos
(CPF) in order to create offspring that served as an ASD model. Twelve of the offspring
that were exposed to CPF in utero were used in this study as an ASD model with anxiety-
like behaviors, along with 12 rats that were not exposed in utero to serve as the control
group.
Trainings for the Implementation of the Procedures

UMMC conducted injection training classes in order to teach individuals how to
inject rats in the appropriate way for this study. The UMMC behavior corps instructed on
appropriate equipment and training for the marble burying procedure. Additionally,
protocols as shown in Appendix B were used as a guideline for the marble burying
procedure.
Propranolol Injections and Data Collection

All 24 rats were given injections of S/R-propranolol (S-prop; combined -
adrenoceptor and 5-HT1A/1 B receptor antagonist; Pazos et al, 1985) or vehicle (saline)

at doses of 0, 5 mg/ml, 10 mg/ml, and 20 mg/ml prior to a 15-minute marble burying
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procedure. The sessions were recorded with a video camera and watched later using the
Clicker VV1.12 software application on the computer to collect the data.
Marble-Burying

Rats were habituated to a testing cage (127 x 8.25” x 8.25”) filled with clean
bedding for 15 minutes. Rats returned to their home cage for 30 min while the bedding in
their testing cage was leveled and 15 marbles were arranged in a 3x5 grid. Rats were
injected with S/R-propranolol (S-prop; combined g-adrenoceptor and 5-HT1A/1
receptor antagonist; Pazos et al., 1987) or vehicle (saline) at doses of 0, 5 mg/ml, 10

mg/ml, and 20 mg/ml immediately after habituation and tested for marble burying
behavior 30 minutes later (males, N = 12; females, N = 12).

The rats were placed in their clean testing cage filled with rows of marbles (3 x 5)
for 15 min. Testing was recorded using a Hamilton Buhl 2.7K high definition 30.0 mega

pixel still image video recorder, and videos were analyzed for locomotor activity using
the Clicker VV1.12 application software. The rat’s burying and grooming percentage,

average, total and total time burying or grooming were recorded on an excel data
spreadsheet. Marble burying was an effective method for measuring repetitive behaviors
due to its history of having an ease of use, the spontaneity of how the rodent display
marble burying behavior, and accuracy in the scoring of marble burying. Additionally,
video-taping the procedure and scoring for locomotor activity such as marble burying and
grooming provided information on levels of anxiety, particularly if using rodents with
manipulations that are anxiogenic (Angoa-Perez et al., 2013).

Instrumentation and Measurement

Video Recording
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Testing was recorded using a Hamilton Buhl 2.7K high definition 30.0 mega pixel
still image video recorder. The length of the recording was 15 minutes. Behavioral
observations of burying and grooming was documented using the Clicker V1.12
application software on a laptop while the video of the marble burying procedure was
being watched. Two rats in individual cages were viewed and data was recorded
simultaneously. The “Q” and “A” keys were utilized for grooming and burying behavior
in the cage on the left, and “L” and “P”” were utilized for grooming and burying behavior
in the cage on the right. The software program presented the data in an excel spread sheet
when the 15-minute procedure was complete.

Grooming vs. Burying

Grooming behavior was documented when the rat was visibly creating friction
movements with their forepaws directed to the nose, face, head, and ears. Body grooming
was also recorded and included cleaning actions with the paws and mouth as described by
Estanislau et al. (2019) as standard grooming procedure in rodents. The “Q” key was held
down for the extent of the grooming process for the animal on the left, and the “P” key
was held down for the animal on the right.

Burying behavior was documented when the rodent visibly hovered over and
buried a marble under bedding. Additionally, burying behavior was documented when
the rodent kicked and pushed bedding on top of a marble in accordance with the marble
burying procedure described by Angoa-Perez et al (2013). The “A” key was held down
for the extent of the grooming process for the animal on the left, and the “L” key was
held down for the animal on the right.

Operationalization of Variables
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Burying Percentage — This variable is a ratio variable and was measured by the use of
the Clicker application software. Each time the rodent partook in burying, the letter “Q”
or “P” on the keyboard was pressed and held down for the extent of the burying. The
Clicker application software recorded the time spent burying.
Grooming Percentage — Variable two is a ratio variable and was measured by the use of
the Clicker application software. Each time the rodent partook in burying, the letter “A”
or “L” on the keyboard was pressed and held down for the extent of the burying. The
Clicker application software recorded the time spent burying.
Total Time Burying — Variable three is a ratio variable and was calculated by taking the
burying percentage, dividing it by 100 to create a whole number, and multiplying it by
900 (number of seconds in 15 minutes).
Total Time Grooming — Variable four is a ratio variable and was calculated by taking
the grooming percentage, dividing it by 100 to create a whole number, and multiplying it
by 900 (number of seconds in 15 minutes).
Data Analysis

Hypothesis 1

Hypothesis 1 stated that the number of restrictive, repetitive behaviors would be
inhibited following the administration of propranolol in an autism model of Sprague-
Dawley rats. The data for hypothesis 1 was analyzed and graphs were plotted using
GraphPad software (Prism 10). Data was first examined with a Two-way Analysis of
variance (ANOVA). In all cases, statistical significance was indicated by *p < 0.05.

A Two-Way ANOVA compared the variance in each group mean to the overall

variance of the dependent variable. It should be used when we need to know how two
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factors affect a response variable, or whether there is an interaction between the two
factors on the response variable. The response variable for hypothesis 1 was the number
of restricted repetitive behaviors and the factors that affected the response variable was
the propranolol administration.

Hypothesis 2

Hypothesis 2 stated that gender would moderate the change in the number of
restrictive, repetitive behaviors once propranolol was administered. Data was analyzed,
and graphs were plotted using GraphPad software (Prism 10). Data was first examined
with a Two-way Analysis of variance (ANOVA). In all cases, statistical significance was
indicated by *p < 0.05.

As previously stated, a Two-Way ANOVA compared the variance in each group
mean to the overall variance in the dependent variable. The response variable for
hypothesis 2 was the number of restricted repetitive behaviors and the factors that
affected the response variable was the rat’s gender and propranolol administration. The
questions that | wanted answered were whether propranolol affected the number of
RRBs, and whether gender had an effect on RRBs once propranolol was administered.
Additionally, if there was an interaction between propranolol administration and the rat’s
gender.

Assumptions

In order for the results of the two-way ANOVA to be valid, normality,

homogeneity of variance, and independence assumptions had to be met. The results had

to show that the dependent variable values followed a bell curve shape, the variation
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around the mean for each group was similar, and the independent variables were not
dependent on one another, i.e., they were obtained by random sample.
Data Analysis Process

The rats were recorded during their marble burying sessions for 15 minutes. The
videos were transferred to a laptop with the Clicker application software program on it.
The videos were watched, and data was collected in real time using the software. Once
the data collection session was complete, the Clicker application software program
created an excel spreadsheet with the data on it.

The excel data sheet recorded burying and grooming percentage, burying and
grooming average, and burying and grooming total. These numbers were then transferred
to a separate excel spread sheet containing a formula for calculating the total time
burying and total time grooming. The sum of the calculation for the total time burying
and total time grooming were then transferred to Graphpad Prism 10 where the statistical
tests and graphs were completed.

Delimitations, Assumptions, and Limitations
Delimitation

A delimitation of the selected group of rodents for this experiment was the
supplier location. All of the rats that were used in this experiment were Sprague-Dawley
rats from Envigo RMS LLC, in order to get the most reliable research results.
Additionally, all of the rats that were used fell within the same age range of 7-8 weeks
old upon starting the study.

Assumptions
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The assumptions of this study were directly related to the hypotheses stated
previously. First, the number of restrictive, repetitive behaviors should be less following
the administration of propranolol. The assumption is that the higher the dose of
propranolol, the less repetitive behavior of marble burying will occur. Additionally, it
was assumed that gender would moderate the change in the number of restrictive,
repetitive behaviors once propranolol was administered. It is thought that males would
partake in RRBs more often than females as previous studies have found that ASD and
RRBs are more often recognized in males versus females.

Limitations

This study had some limitations. First, it has been extensively researched and
documented that ASD occurs at a variety of levels for individuals affecting no two people
alike. The rats that were used as an ASD model could not accurately be assessed for their
level of ASD.

Second, the research design was quasi-experimental, thus, not randomized.
Nonrandomized designs do not meet all of the requirements to determine causality in an
experiment. Additionally, due to using this type of design, there was potentially a lack of
internal validity.

Summary

This chapter focused on the research design, study procedures, and data analysis
related to the effects of propranolol on RRBs in an ASD rodent model. As previously
stated, it is well-known that ASD and the associated symptoms do not present the same in
both males and females. The gap in research is surrounding the differences in response to

pharmacological treatment options based on the different genders. The purpose of this
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study was to aid in closing the gap in understanding how propranolol and gender
independently affect RRBs in rats with ASD. Using a static group quasi-experimental
research design, multiple marble-burying sessions were administered between vehicle
and ASD model rodents, and males and females. Data was collected and analyzed for
statistical significance supporting my two hypotheses. Chapter IV focuses on the results

of the research.
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CHAPTER 4: RESULTS
Overview

The purpose of this quantitative quasi-experimental study was to examine the
relationship between propranolol and restricted repetitive behaviors in male and female
Sprague-Dawley rats. The animals were recorded during marble burying sessions, and the
videos were transferred to a laptop with the Clicker application software program on it
where the videos were watched, and data was collected in real-time using the Clicker
software.

Burying and grooming percentage, burying and grooming average, and burying
and grooming total were recorded in order to calculate the total time burying and total
time grooming. The sum of the calculations for the total time burying and total time
grooming were then transferred to GraphPad Prism 10, where a two-way ANOVA was
used to test for statistical significance.

The questions that were asked were: will the number of restrictive, repetitive
behaviors be inhibited following the administration of propranolol in an autism model of
Sprague-Dawley rats? Additionally, will gender moderate the change in the number of
restrictive, repetitive behaviors once propranolol is administered?

® o @ ] L]
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Figure 1. Schematic representation of the marble burying and marble grooming
behavioral test using different doses of the beta-blocker, propranolol, for each session.

Descriptive Results
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The animals that were used to conduct this research were 24 Sprague-Dawley
rats, 12 ASD rodent model (6 males/6 females), and 12 non-ASD rodent model (6
males/6 females). The ASD rodent model was the offspring of female rats that had been
exposed to an insecticide called Chlorpyrifos in utero. Additionally, 12 rats that were not
exposed in utero served as the control group.

Study Findings
Propranolol’s Effect on RRBs in the ASD Rodent Model

The first hypothesis that | investigated was that the number of restrictive,
repetitive behaviors will be inhibited following the administration of propranolol in an
autism model of Sprague-Dawley rats. A two-way ANOVA was used to examine the
total time spent burying or grooming following propranolol administration at differing
doses in an ASD rodent model.

The findings showed that there was a significant main effect for propranolol dose
to impact marble burying in females (Fig 2 (F (3,40) = 5.945, p = 0.0019) and grooming
behavior in females (Fig 3 (F (3,40) = 0.4991, p = 0.0442). In males, there was also
significant main effect for propranolol dose to impact burying (Fig 4; (F (3,40) = 31.80, p
< 0.0001), and grooming behavior (Fig 5; (F (F (3,40) = 7.030, p = 0.0007). These
findings support my alternate hypothesis that propranolol has an inhibitory effect on the
number of RRBs following propranolol administration. Due to these results, | failed to

reject the null hypothesis.
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Figure 2

Time Spent Marble Burying Following a Propranolol Administration- Females
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Note. This figure demonstrates the interaction found between female rodents and marble
burying behavior following the administration of propranolol. There was a significant
main effect for propranolol to effect marble burying in female rodents. Comparisons were

made with two-way ANOVA, p = 0.0019.

Figure 3

Time Spent Grooming Following a Propranolol Administration- Females
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Note. This figure demonstrates the interaction found between female rodents and

grooming behavior following the administration of propranolol. There was a significant
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main effect for propranolol to effect marble burying in female rodents. Comparisons were

made with two-way ANOVA, p =0.0442.

Figure 4

Time Spent Marble Burying Following a Propranolol Administration- Males
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Note. This figure demonstrates the interaction found between male rodents and marble
burying behavior following the administration of propranolol. There was a significant
main effect for propranolol to effect marble burying in male rodents. Comparisons were
made with two-way ANOVA, p < 0.0001.

Figure 5
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300

E = Vehicle
w = CPl
+*
= _

L]
£8
Fal-
3
m
-
E
'—

Vehicle Smgkg 10mgkg 20 mgkg
Dosage of Propranolol



63

Note. This figure demonstrates the interaction found between male rodents and grooming
behavior following the administration of propranolol. There was a significant main effect
for propranolol to effect marble burying in male rodents. Comparisons were made with
two-way ANOVA, p < 0.0007.

Genders Effect on RRBs Once Propranolol is Administered

My second hypothesis was that gender moderates the change in the number of
restrictive, repetitive behaviors once propranolol is administered. A two-way ANOVA
was used to analyze the total time spent burying and grooming between males and
females in an ASD rodent model and non-ASD rodent model.

For burying behavior in the ASD rodent model, | found a significant interaction
between propranolol dose on burying between males and female rats (Fig 6; F (3,40) =
4.842, p = 0.0057. For grooming behavior in the ASD rodent model, | also found a
significant interaction between males and female rats once propranolol had been
administered (Fig 7; F (3,40) = 6.123, p = 0.0016. These findings support my second
alternate hypothesis that gender will moderate the change in the number of RRBs once

propranolol is administered. Due to these results, | failed to reject the null hypothesis.
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Figure 6

Time Burying: CPF Females vs. CPF Males
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Note. This figure demonstrates the interaction found between males and females once
propranolol had been administered for marble burying behavior. Comparisons were made

with two-way ANOVA, p < 0.0001.

Figure 7

Time Grooming: CPF Females vs. CPF Males
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Note. This figure demonstrates the interaction found between males and females once
propranolol had been administered for grooming behavior. Comparisons were made with

two-way ANOVA, p = 0.0016.
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Summary

This chapter focused on stating the overall results of the study. The findings
showed that there was a significant main effect for propranolol dose to impact marble
burying and grooming behavior in the ASD rodent model in both males and females. For
burying and grooming behavior in the ASD rodent model, | additionally found a
significant interaction between propranolol dose on burying between males and females
once propranolol had been administered.

These findings support both hypotheses, that propranolol has an inhibitory effect
on the number of RRBs and that gender will moderate the change in the number of RRBs
once propranolol is administered. Chapter 5 will further discuss the findings of the

research presented.
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CHAPTER 5: DISCUSSION
Overview

The purpose of this quantitative quasi-experimental study was to examine the
relationship between propranolol and restricted repetitive behaviors in male and female
Sprague-Dawley rats. This chapter summarizes and discusses the study’s theoretical and
empirical findings from my research as well as the study’s theoretical, empirical, and
practical implications. Additionally, this chapter discusses how a Christian worldview
informs an interpretation of the findings of my study. Finally, this chapter discusses
recommendations for future research that emerged from the findings of the current study.

Summary of Findings
Hypothesis 1

My first hypothesis states that the number of restrictive, repetitive behaviors will
be inhibited following the administration of propranolol in an autism model of Sprague-
Dawley rats. Following the administration of propranolol and collecting data on the
RRBs revealed that there was a significant main effect for propranolol dose to impact
marble burying and grooming behavior in females and male rats.

The results of the marble burying showed that following a propranolol injection,
the male and female rats either buried less marbles or did not bury the marbles as deeply
as they had without a propranolol injection. Additionally, the male and female rats did
not partake in grooming behaviors, such as licking their paws or brushing the hair on
their noses with their paws as much as without an injection. It should also be noted that

the increase in propranolol dosage, i.e. 10mg vs. 20 mg, did have a significant effect on
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both grooming and burying in that there was a negative correlation for propranolol dose
and burying or grooming.
Hypothesis 2

My second hypothesis stated that gender will moderate the change in the number
of restrictive, repetitive behaviors once propranolol is administered. These results were
analyzed using the data collected for my first hypothesis. There was a significant
interaction found between propranolol dose on burying and grooming between males and
females once propranolol had been administered. These findings suggest that the
pharmaceutical treatment option for individuals with ASD may be sexually dimorphic.

Discussion of Findings

Empirical Findings

This study found that propranolol, a beta-adrenergic receptor antagonist, does
influence RRBs in male and female Sprague-Dawley rats. To date, risperidone and
aripiprazole are the only two FDA approved medications that are used for treating the
symptoms of ASD. This research has provided insight into the effects of a
pharmacological intervention, propranolol, on RRBs in individuals with ASD.
Additionally, this research aids in showing how gender may play a role in propranolol’s
effects.
Theoretical Findings

It has previously been theorized that anxiety can be a trigger for RRBs.
Propranolol is a treatment option that inhibits noradrenaline and adrenaline, the two
hormones often associated with anxiety. This study further theorizes that treating anxiety

in individuals with ASD will limit the number of RRBs one engages in. Additionally, this
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study adds to the theory that more research is needed into the symptomology between
males and females with ASD and how the treatment options may be sexually dimorphic.
Implications

Theoretical Implications

The implications of this research suggest that there are better pharmaceutical
options available for individuals who suffer from the side effects associated with ASD.
Additionally, there needs to be further consideration into researching the symptomology
between males and females, and how ASD affects them individually. It could additionally
be theorized that beta-adrenergic receptors play a larger role in individuals with ASD
than what has previously been recognized.
Empirical Implications

The empirical findings of this research suggest that propranolol, a beta-adrenergic
receptor antagonist, could treat RRBs associated with ASD. Additionally, the findings
suggest that males and females may be affected differently in terms of treatment options
for the symptoms associated with ASD.
Practical Implications

As previously discussed, the pharmaceutical options for treating the symptoms of
ASD are somewhat aversive. There is a need for further research into finding less
aversive pharmacological treatment options for individuals with ASD. This research can
serve as a reference point for clinical researchers, physicians, counselors, and policy
makers when advocating for better treatment options for those with ASD. Additionally,
the findings of this research should provide hope and optimism for the caregivers of

individuals with ASD who suffer from the side effects that impact their day-to-day lives.
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Christian Worldview

The findings of this research further imply that there is a relationship between
science and faith. Additionally, the affirmation of the idea that God is beyond nature
becomes evident. While human beings are created in God’s image, there should still be
an acquisition in science and understanding of the natural world. Proverbs 3:13-14 states,
“Blessed are those who find wisdom, those who gain understanding, for she is more
profitable than silver and yields better returns than gold” (Proverbs 3:13-14, New
International Version).

Delimitations and Limitations

Delimitations were placed on this study in order to improve reliability and
validity, and to ensure that the research is objective and unbiased. This study focused
solely on RRBs; one symptom listed in the diagnostic criteria for ASD. This was done to
ensure that the study’s findings were focused on a target that was measurable using a
rodent model. Additionally, the data collection process was conducted by one researcher
to confirm validity and reliability of the findings. Finally, this study used only one beta-
adrenergic receptor antagonist, propranolol, to ensure that the study remained focused
and clear on finding an effective treatment option without aversive side effects.

This study had some limitations as previously stated. First, it has been extensively
researched and documented that ASD occurs at a variety of levels for individuals
affecting no two people alike. The rats that were used as an ASD model could not
accurately be assessed for their level of ASD. Second, the research design was quasi-

experimental, thus, not randomized. Nonrandomized designs do not meet all of the
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requirements to determine causality in an experiment. Additionally, due to using this type
of design, there was potentially a lack of internal validity.
Recommendations for Future Research

This research revealed that propranolol could be used as an effective treatment
option for RRBs. Additionally, it was revealed that male and females may be affected
differently by treatment options for ASD. On this basis, future research should examine
additional beta-blockers and their effects on the symptoms of ASD. Additionally, future
research should investigate the role of beta-adrenergic receptors in individuals with ASD.

Summary

This chapter summarizes and discusses the research findings of this study.
Additionally, implications, limitations, and recommendations for future research were
discussed. The two most important findings of this study were that there are not only
other pharmaceutical treatment options available for ASD, but there are also better
options available. With there being limited, and somewhat aversive, pharmacological
treatment options for the symptoms of ASD, further options need exploration.

A second finding that was equally as important is that ASD and the treatment
options associated are sexually dimorphic. Males and females’ response to the symptoms
associated and the treatments should be researched and explored as separate entities and
not with a ‘one size fits all” approach. Additionally, future research would benefit from
investigating additional beta-adrenergic receptor antagonists in addition to the role that
beta-adrenergic receptors play in ASD.

ASD is a complex neurodevelopmental disorder that affects many individuals’

lives and the lives of those around them. The continuation of research into ASD is
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imperative with the soaring diagnosis rates and unknown origin of the disorder. There are
several treatment options available for individuals with ASD, but they are costly and
timely, causing a great burden to the caregivers of those with ASD. Additionally, very

few FDA approved medications exist to treat the symptoms of ASD, such as social

impairments and RRBs.
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APPENDIX A: MEMORANDUM OF UNDERSTANDING

The University of Mississippi Medical Center

Memorandum of Understanding for Care and Use, and Oversight of Animal Subjects between
Collaborating Institutions

This is a Memorandum of Understanding (MOU) berween The University of Mississippi (UMMC) and the collaborator noted below
for the performance of animal research, testing, or teaching. This MOU is entered into by both institutions' programs of animal care &
use, and sets forth the agreed terms and conditions in accordance with which both institutions shall collaborate on an animal care &
use activity.

| APPLICABILITY: This MOU applies only to the protocol(s) specifically listed below. |

NAME OF INSTITUTION A: University of Mississippi Medical Center (UMMC)

USDA Registration Number: 65-R-0102

OLAW Assurance Number: DI16-00174 (A3275-01)

AAALAC Accreditation Date: 06/30/2021

AAALAC Accreditation Status: Full Accreditation

TACUC Administrative Contact: Amanda Kinslow, 1acuc@umc edu, 601-815-5006

Principal Investigator Name: Amy Kohtz, PhD

Protocol Number: 2022-1244

Protocol Approval Date: 01/05/2023

Protocol Title: Developmental Exposure to Organophosphates on Adult Behavior in the Rat

NAME OF INSTITUTION B: Liberty University (LU)

USDA Registration Number: 52-R-0137

OLAW Assurance Number: D20-01061

AAALAC Accreditation Date: N/A

AAALAC Accreditation Status: N/A

IACUC Administrative Contact: Connor Bryant, jacuc(@liberty edu. 434-582-2827

Student Name: Melanie Berry

Student Status: Doctoral Student

Expected Graduation Date: 12/2024

Project Title: Inhibiting Repetitive and Restricted Behaviors in Sprague-Dawley Rats Using
Propranolol: A Look At Sex Differences

INSTITUTI | Indicate affirmative agreement or N/A to each of the terms below | INSTITUTI
ON A ONB
Yes | N/A Yes | N/A

Program-wide Acknowledgements

The parties acknowledge that each institution maintains an independent program of

animal care and use qualified to perform animal care and use activities in

X compliance with all applicable federal and state animal welfare laws, regulations X

and policy. Both institutions agree to notify the other party promptly of any

changes in such status.

X The parties agree to share any information necessary to comply with regulatory
requirements related to program procedures or activities associated with this MOU, X
upon request.
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The parties acknowledge that ownership of animals related to this MOU resides
with INSTITUTION A. No transfer of ownership is implied unless otherwise
described in another agreement between the parties.

The parties acknowledge that each institution is responsible for appropnate care
and oversight of animals while in their possession. and the provision of appropriate
husbandry, peri-procedural care, pain management, and methods of disposition.

”

All animal activities related to this MOU will be reviewed and approved by
INSTITUTION A's IACUC prior to the initiation of those activities.

.

The parties acknowledge that each has a process for monitoring on-going animal
related activities on their property. mcluding established procedures for identifying
and reporting potential adverse events and any non-compliance associated with
anumal care and use at its facility.

Investigation and

The parties agree that INSTITUTION A is responsible for notification,
investigation, and reporting of serious or continuing incidents of noncompliance
and protocol suspension to OLAW, the accrediting body. or regulatory agency
(e.g.. AAALAC, USDA) in accordance with reporting requirements. Copies of
these reports and any responses received are forwarded to the other
INSTITUTION.

INSTITUTION A agrees to promptly notify INSTITUTION B, within 30 days of
identification, any potentially reportable events, specific to the protocol related to
this MOU and/or any significant programmatic deficiencies occurring during the
conduct of the activities associated with this MOU that directly impact animal
welfare or well-being.

Other Requirements Not Addressed Above

Signatures of Animal Program Representatives
(IACUC Chair, AV, IACUC Administrator, or 10)

This MOU becomes effective upon the date of last signature, and will remain in effect for three (3)
years or for the duration of dissertation project related to this MOU unless sooner terminated by either
party on notice to the other. Either party may terminate this MOU without cause upon sixty (60) days

written notice.

Date: 10/27/2023 Date: 11/3/2023

Name: Amanda Kinslow
Title: Director, Office of Animal Welfare
E-Mail: amurray@umc.edw/iacuci@ume.edu

Name: Connor Bryant

Phone: 601-815-5006 Phone: 434-582-2827

Title: Admin. Chair for Animal Research
E-Mail: cabryant@liberty.edu / iacuc@liberty.edu
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APPENDIX B: MARBLE BURYING PROTOCOL

Marble Burying Protocol
Summary and Purpose. Provide accurate and sensitive assays of repetitive and
compulsive-like behaviors in rodents. Future applications should extend these tests to the
screening of new treatments for human conditions such as OCD and ASDs.
Apparatus and Location

The marble burying test will be performed using CCR standard rat cages with
fitted filtered-top covers. The testing will be performed in room TR09-06 using rat cages
with fresh unscented bedding that is 5 cm deep. The rats will be moved to the testing
room 60 minutes before the start of testing. The testing will be performed in white light
between 10 and 11 am. A university computer with a webcam attachment per IACUC
standards be used to film the testing sessions. An IACUC approved camera will be
attached to the rat’s cages to record the testing process. Standard glass toy marbles
(assorted styles and colors, 15 mm in diameter) will be gently placed on the surface of the
bedding in 5 rows of 4 marbles. One rat will be placed into a cage as far from the marbles
as possible and the filtered-top will be put on. Food and water will be withheld during the
testing time. The rat will remain undisturbed for 15 minutes. After 15 minutes, the rat
will be removed and returned to her home cage taking extreme care to not move or
dislodge the marbles. A photograph is taken of the cage with the marbles buried.
Data Analysis and Recording

A marble will be scored as buried if two-thirds of its surface area is covered by
bedding. An average score of the number of marbles buried for each rat will be recorded.
The number of marbles 1/3 buried, 2/3 buried, and fully buried are recorded. The video is
scored for the total time spent burying and total time spent grooming.

**All video files and images of the buried marbles will be labelled with the rat
identifier and date. Eg. MBB-23-F01 08302023 and placed in a folder for the particular
experiment on the Kohtzlab drive.
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