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ABSTRACT

Parkinson’s disease is one of the most
common movement disorders in the world.
Parkinson’s affects approximately 1% of all
adults over the age of 60. This disorder is the
result of the degeneration of dopamine-
producing cells in the substantia nigra in the
midbrain. Dopaminergic medications are
currently being used as a treatment to improve
many of the symptoms that characterize
Parkinson’s disease. The cause of the disease is
not yet known. However, there has been an
abundance of research trying to identify
potential origins. This literature review will
highlight some of the main positions that
researchers have on the causes of Parkinson’s
disease. Among these causes are environmental
toxins, genetic factors, and oxidative stress.

INTRODUCTION

Parkinson’s disease (PD) is the second most
common movement disease after essential tremor
with an incidence rate of approximately 1% among
adults over the age of 60. Although the exact cause of
Parkinson’s disease is not yet known, it is considered
to be potentiated by the interaction of environmental
and genetic factors.
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ENVIRONMENTAL FACTORS

Although many studies were conducted to
determine the environmental influencers of PD, they
have all been deemed to yield inconclusive results.
The focus has been on the effects of pesticide
exposure and water-borne risk factors." The Geo-
Parkinson study explored these associations in five
European countries and found that a large percentage
of pesticides containing manganese were found in the
brains of patients after a necropsy study. It was
suggested that even the slightest amount of pesticide
exposure can greatly increase the risk of PD.” Though
this study was able to show that pesticides do in fact
have an influence on the development of PD, it was
limited due to its inability to determine the specific
agent within the pesticide that induced this risk.

Priyadarshi et al. performed a meta-analysis to
examine various studies that have looked into the
environmental risk factors for the development of
PD.’ Results indicated that people living in rural
regions using wells as their water supply have a
greater risk of PD. However, environmental risks of
developing PD from well water or pesticide exposure
may not be mutually exclusive, since pesticides could
have leached into the soil and subsequently into the
groundwater. The results indeed yielded an
insignificant correlation between the risk factors
when compared between rural and urban areas.” Due
to the discrepancies between the results of different
studies, it seems that improved methods of data
collection are needed to better understand potential
causes of PD.*
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GENETIC FACTORS

Though the genetically induced PD constitutes a
small portion of the cases, it can provide a strong and
clear understanding of the underlying mechanisms.’
A study by Kurosinski et al. aimed to find the exact
genetic mutations that can be attributed to the onset
of PD using transgenetic mice and fly models.’
Another study, by Abramov et al. looked at the
human disease model.® Findings from the study
suggested that the manifestation of PD can be
attributed to different genes, since different protein
products relate to PD.

The study by Kurosinski et al. identified that
mutations in the gene SYN (A30P and A53T) lead to
the manifestation of PD in the animal models.” The
A30P and AS53T gene mutations cause internal
cellular a-synuclein to aggregate and deposit to form
Lewy bodies, which are hallmarks of PD. These
mutations also resulted in dopaminergic neuronal loss
(specifically in the basal ganglia of mice and
substantia nigra of flies), decline in motor
performance, and muscle atrophy.’ Not only did this
study show the importance of genetics, but it also
highlighted the role of a-synuclein. Understanding
the importance of a-synuclein can be applied to non-
genetically based PD cases that have Lewy bodies of
a-synuclein composition.

The study by Abramov et al. focused on PTEN-
induced kinase 1, a gene that produces the crucial
mitochondrial PINK1 protein.® This protein’s
function is still disputed, however, it has been shown
to specifically deal with oxidative stress containment
in the mitochondria. Oxidative stress aids in the
process of PD development (discussed later). The
study observed the presence of a mutated PINK1gene
in fibroblasts derived from their five PD patient
groups.® As the cause of PD in these patients can be
attributed to PINK1 gene mutation, a strong genetic
factor is inferred.

Based on these findings, mutations in the genes
SYN and PINKI1 have been shown to independently
lead to the onset of PD. The SYN mutation results in
improper a-synuclein folding, dopaminergic neuronal
loss, and motor function loss. The PINKI1 gene
appears to have a different mechanism that is
intertwined with the oxidative stress risk factor.
Mutation of this gene results in “leaky” mitochondria
that trickle reactive oxidative species (discussed later)
into the cell.

OXIDATIVE STRESS

PD results primarily from the loss of dopamine-
producing neurons in the nigrostriatal system.”® One
theory for cause of PD that is gaining attention is that
of unstable free radicals contributing to nerve cell

death. The radicals are a byproduct of oxidative
stress, generated by normal chemical reactions in the
body.

A free radical is an atom, molecule, or
compound that is highly unstable because of its
atomic or molecular structure. Free radicals are often
referred to as reactive oxidative species (ROS) and
are byproducts of chemical reactions that mostly
occur in the mitochondria. Under certain conditions,
the number of ROS produced exceeds the capacity of
the removal mechanisms. This process is termed
oxidative stress. As a result of this failure, these very
reactive oxidative species attempt to pair with other
molecules, atoms, or individual electrons to create a
stable compound.’

Several studies provide evidence that one of the
main targets of this process occurs with genetic
material. Tatton et al. revealed the increases of
norsalsolinol, an endogenous neurotoxin present in
dopamine-rich areas, affected cytochrome c release
and caspase 3 activation in such a way that it induced
ROS and resulted in apoptosis.'’ Nakabeppu et al.
demonstrated in cell cultures and mice that a
deficiency in MTHI, an oxidized purine nucleoside
triphos-phatase, is strongly associated with the
accumulation of 2-deoxy-8-oxoguanosine
triphosphate in both nuclear and mitochondrial DNA,
thus contributing to the increase of ROS from
oxidative stress.'" These findings have been
supported in studies involving human PD patients
that show that MTHI1 suppresses cell death caused by
oxidative stress.'> '’ It is evident that ROS from
oxidative failures play a significant role in PD.

CONCLUSION

While the exact cause of PD remains unknown,
there are three prevailing hypotheses in literature.
Research has shown that there is a distinct correlation
between environmental toxin exposure and the onset
of PD. However, this needs to be further examined to
determine a causal relationship. Genetic mutations,
specifically in the SYN and PINK loci, have
conclusively been shown to lead to PD. Further
studies need to be conducted to determine the sources
of these mutations in humans. Degeneration due to
oxidative stress is a new line of research that is also
proving to be quite promising. Deficiency of MTH1
seems to be strongly correlated with an increase in
ROS formation.
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