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Introduction
In the United States alone, an estimate of 1.2 million people aged 18 or older are

diagnosed with injury characterized, adult-onset brain disorders each year (Pal, n.d.). In addition,
11.2 million adults in the US aged 18 or older per year are diagnosed with a severe mental illness
per year (National Institute of Mental Health, 2019b). Therefore, approximately 12.4 million new
patients are affected by neurological or mental disorders each year.

Of the 1.2 million people affected by injury characterized brain disease, 51.3% are due to
a stroke (Pal, n.d.). Worldwide, stroke is one of the leading causes of functional inability and
death (Ramos-Lima, Brasileiro, de Lima, & Braga-Neto, 2018). These patients are susceptible to
several post-stroke complications, such as serious falls, infections, blackouts, pains, and
symptoms of depression and anxiety, that lead to an associated lower quality of life for them and
their families (Langhorne et al., 2000). The high rates of complications and low quality of life
following a stoke are due in part to the fact that current treatments of stroke do not address
circulating dysfunctional mitochondria. Therefore, an improved therapeutic method is needed to
treat ischemic stroke, specifically in regards to treating dysfunctional mitochondria.
Consequently, the technical topic of this thesis is to design a new therapeutic method to treat
ischemic stroke through the transplantation of exogenous mitochondria from healthy tissue to
astrocytes.

Two commonly known mental illnesses are depression and schizophrenia. Therefore, the
STS topic of this thesis is an investigation of the environmental factors that affect the
development of major depression and schizophrenia and an analysis of the paradigm shift of the
medical community in regards to diagnosis and treatment of these disorders. Major depression is

the leading causes of disability for people aged 15-44 years in the US, and schizophrenia is one



of the top 25 leading causes of disability worldwide (Chong et al., 2016; Greenberg, Fournier,
Sisitsky, Pike, & Kessler, 2015). The factors that lead to the development of these disorders have
been researched and debated in regards to environmental, genetic, and biological risk factors.
The conceptions on how environmental factors, such as socioeconomic status, affect the
development of mental illness in turn affect the diagnosis and treatment of the disorders (Einstein
& Klepacz, 2017).

Technical Topic

Stroke is the leading cause of physical and intellectual disability and has a high rate of
mortality in the US (Yang, Mukda, & Chen, 2018). Approximately 795,000 people per year, in
the US, have a new or recurrent stroke, and of this population 87% are classified as ischemic
stroke caused by a blood clot lodged in an artery supplying blood to the brain (Roger et al.,
2011).

The current standard of treatment for ischemic stroke primarily focuses on restoring
blood flow to the brain by removing the blockage (Ciccone & Valvassori, 2013). However, with
the current standard of treatment, more than half of the patients either die or do not fully recover
(Bhatia et al., 2010). The lack of full recovery is because the current treatments do not address
the mitochondria that become dysfunctional after an ischemic stroke.

In healthy brain tissue, astrocytes, glial cells of the central nervous system, transfer
mitochondria particles to the neurons via the calcium-dependent mechanisms of CD38 and the
cyclin adenosine diphosphate (ADP) ribose signaling (Hayakawa et al., 2016; Robinson et al.,
2017). The transfer of mitochondria particles is to allow for cell-to-cell communication between
astrocytes and neurons. As a result, ATP production and viability of neurons is additionally

increased (Hayakawa et al., 2016). However, after ischemic stroke, the astrocyte mitochondria



become dysfunctional due to oxygen and glucose deprivation (Liu, Lu, Manaenko, Tang, & Hu,
2018). These dysfunctional mitochondria have abnormalities in mitochondrial membrane
potential, produce increased amounts of reactive oxygen species (ROS), and have decreased
adenosine triphosphate (ATP) production (Liu et al., 2018). When the dysfunctional
mitochondria are circulated between astrocytes and neurons, it continues the ischemic cascade
even after blood flow has been restored.

The transplantation of exogenous mitochondria from healthy tissue can help to reverse
the effects of an ischemia-reperfusion injury, such as stroke, according to previous studies. In
one clinical study of pediatric patients with myocardial ischemia-reperfusion injury following
coronary artery occlusion and revascularization, transplantation of healthy mitochondria
improved myocardial function within 24 to 48 hours after treatment (Emani & McCully, 2018).
Another previous study has demonstrated that exogenous mitochondria injected systemically to a
mouse with middle cerebral artery occlusion (MCAO), a model of ischemic stroke, can be taken
up by neurons, astrocytes, and microglia (Liu et al., 2018). This treatment resulted in the
upregulation of cell survival related signals in the MCAO mice, and postulated that astrocytes
have the ability to transfer healthy mitochondria (if they possess them) to rescue damaged
neurons after stroke due to their cell-to-cell communication.

However, none of the previous studies tested mitochondria from different sources. In all
previous studies, mitochondria have been harvested from skeletal muscle sources. Yet,
mitochondria can also come from different tissues such as adipose and cardiac muscle.
Peridroplet mitochondria from adipose tissue have enhanced bioenergetic and low fatty acid
oxidation capacity. Their fusion-fission properties also differentiate them from cytoplasmic

mitochondria (Benador et al., 2018). Myocardium mitochondria have a larger reliance on aerobic



ATP when compared to skeletal muscle mitochondria (Miller, Rosenfeldt, Zhang, Linnane, &
Nagley, 2003). Additionally, in a study completed by Song-Young Park, it was concluded that
cardiac and skeletal muscle mitochondria have similar oxidative phosphorylation capacities but
vary in terms of respiratory control rate and nonphosphorylating respiration (Park et al., 2014).

Therefore, our team, under the guidance of Richard Price and Catherine Gorick, will
develop a method to obtain optimal uptake of, and ATP production by, exogenous mitochondria
in human astrocytes to provide a framework for a new therapeutic method to treat ischemic
stroke. This technical project will utilize experimental resources of Price lab, such as mice, cell
culture materials, and reagents, and information gathered via literature review. In order to
accomplish this goal, we will first extract mitochondria from the various tissue sources
mentioned above. Then, we will measure the ATP production of each type of mitochondria alone
and after being taken up by cultured astrocytes. Additionally, we will measure the amount of
mitochondria taken up by cultured astrocytes by methods of fluorescence. The experimentation
specified will be conducted throughout the 2019-2020 school year.
STS Topic

Major depression and schizophrenia are both severely debilitating mental illnesses that
are associated with a poor quality of life. Major depression is among the most prevalent of
psychiatric disorders, and symptoms can include problems with sleep, eating, energy,
concentration, or self-worth (National Institute of Mental Health, 2019a; Schmitt, Malchow,
Hasan, & Falkai, 2014). Patients with severe depression are associated with numerous adverse
outcomes such as difficulties in role transitions, reduced role functioning, elevated risk of
secondary disorders, and increased risk of early mortality due to physical disorders or suicide

(Kessler & Bromet, 2013). Schizophrenia has a prevalence of about 1% and is characterized by



symptoms such as hallucinations, delusions, and asociality (Schmitt et al., 2014). Patients of
schizophrenia are commonly homeless, victims of assaults or suicides, or end up in jail
(Cernovsky, 2017). The prevalence and low quality of life of these debilitating disorders indicate
the need for effective diagnosis and treatment procedures to address these illnesses.

Within the medical community, mental illness has historically been regarded solely as an
imbalance of neurotransmitters, but in recent years several studies have demonstrated that the
development major depression and schizophrenia can and are affected by environmental factors
in addition to neurotransmitter imbalance (Einstein & Klepacz, 2017). For instance, those of low
socioeconomic status are particularly considered to be at risk of developing these disorders
(Saraceno, Levav, & Kohn, 2005). In connection to those of low socioeconomic status, a higher
prevalence of the mental disorders have been found in certain racial minorities due to the fact
that these minorities are typically also of low socioeconomic status (Chakraborty & McKenzie,
2002; Kwate & Goodman, 2015). Childhood and family factors are also potential factors to
insight development of these disorders (Drake & Ginsburg, 2012). For example, studies have
indicated that both childhood trauma and high rates of expressed emotion from family members
are connected to the development of both depression and schizophrenia (Asarnow, Tompson,
Hamilton, Goldstein, & Guthrie, 1994; Morgan & Fisher, 2007). The evidence presented
indicates the connection between environmental risk factors and the development of depression
and schizophrenia calls for a response from the medical community.

There has been a recent push in the medical field for mental disorders to be evaluated
with consideration to the environmental factors that lead to their development in addition to the
associated neurotransmitter imbalance and biology of each disorder (Einstein & Klepacz, 2017).

This perspective is as a result of increased research indicating the role of environmental factors



and the general public belief by those with mental illnesses that environmental factors played a
role in the development of their diseases (Jorm et al., n.d.). The evolution of perceiving mental
illness as purely biological and genetic, to also considering environmental factors is best
described as a paradigm shift. This paradigm shift is important to society because when the
general public and the medical community are unaware and uneducated on the
environmental risk factors associated with the development of major depression and
schizophrenia, more individuals are at risk of developing these disorders and diagnosis and
treatment procedures are not as effective.

According to Thomas Kuhn, an American philosopher, a paradigm shift occurs when the
experts in a certain field can no longer describe scientific advances and new information with
their current viewpoints, so communities with new ideas and viewpoints take over to describe the
advances in the field (Ridgway, Baker, Woods, & Lawrence, 2019). Historically, the definition
of paradigm has been controversial (Orman, 2016). Additionally, the theory of paradigm shift
has been critiqued an “oversimplified” explanation and that it therefore cannot be applied to all
scientific revolutions (Adams, n.d.). In response, Kuhn has revised his definition of paradigm
over the years to address criticisms associated with the theory (Orman, 2016). As a result, in the
current case of a paradigm shift toward the medical view of the factors that lead to the
development of mental illness, this theory is applicable despite the historical critiques.

This STS research topic will increase awareness of the role environmental factors play in
the deterioration of mental health. Several of the environmental risk factors associated with the
development of depression and schizophrenia could be mitigated or prevented with increased
awareness and education among the general public on this problem (Schmidt, 2007). In addition,

increased research on the environmental risk factors and the paradigm shift in the medical



community could result in better treatment for individuals with major depression and
schizophrenia as a result of more members of the medical community adopting the paradigm
shift. Therefore, synthesized research on this topic could help lead to the prevention and
improved treatment and diagnosis of both schizophrenia and major depression.

Research Question and Methods

The research question to be investigated is “How do environmental factors affect the
development of major depression and schizophrenia?” In order to examine this question,
documentary research methods will be used. Google Scholar will be used as a comprehensive
database for the literature search due to its large range of access. Additionally, PubMed will be
used as a more detailed database to supplement the literature search because of its relevance of
literature in the public health field. Keywords used to search these databases will include
development of major depression and *, development of schizophrenia and *, environmental
factors and development of mental illness, and public or medical views of the development of
schizophrenia and major depression. The * indicates a specific environmental factor that is
searched such as childhood trauma, socioeconomic status, or prenatal nutrition. Additionally,
some further variants of these keywords scheme will be used to obtain a larger pool of literature.
The documentary research began in Fall 2019, and the STS thesis will be written in the Spring
2020 semester.

The method of documentary research is most applicable to investigate the research
question for several reasons. First, documentary research provides the opportunity for the
synthesis of several types of research methods for this topic (i.e. survey, interview, literature

review). Second, a large and diverse population of individuals with major depression and/or



schizophrenia is not readily available to survey. Therefore, documentary research provides both a
more feasible and unbiased option.
Conclusion

Stroke, major depression, and schizophrenia are all serious disorders that affect a large
number of the population worldwide. To address the detrimental post-stroke complications, a
therapeutic method will be developed by determining the mitochondria with the most ATP
production and uptake potential by astrocytes. This project will provide the beginning in vitro
framework for the therapy to later be developed for in vivo models and ultimately human use. To
address the debate among the medical community over the environmental factors that lead to the
development of major depression and schizophrenia, the STS research paper will provide a
synthesized analysis of the environmental factors that are postulated to lead to the development
of these disorders. Furthermore, the paradigm shift of the medical community and public beliefs
towards environmental factors role in the development of mental illness will be analyzed and
outlined. The produced research will provide awareness for better prevention, diagnosis, and

treatment of both major depression and schizophrenia.
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