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Parkinson’s Disease: Mechanisms, Pathogenesis,
Animal Models and Tests

Billur Unal'@®, ilknur Altuntas'@®, Oytun Erbas"?

Parkinson’s disease (PD) was first described as
“tremor paralysis” by James Parkinson in 1817.
Motor symptoms occur as dopamine (DA) levels are
depleted around 70-80% in advanced ages.”? It is a
degenerative process that affects other brainstem
pigmented neurons, especially the substantia nigra
(SN) in the basal ganglia. The main clinical symptoms
are bradykinesia, rigidity, resting tremor, and postural
reflex disorder. It occurs with the degeneration
and/or loss of cells that secrete dopamine as a
result of damage in the substantia nigra region of
the brain.B# As the disease progresses and dopamine
in the brain decreases, the symptoms of PD become
more pronounced.

Symptoms such as tremor, difficulty in walking,
and other problems related to movement arise in the
patients.”! Neuropathological factors of Parkinson's
disease; vascular diseases, previous brain infections,
some medications, atherosclerosis, familial causes,
trauma, poisoning, toxins, tumors, and consequently
loss of neurons and neurotransmitters.34
Researchers are working on ways to stop or slow
the loss of these dopamine-producing cells. There
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ABSTRACT

Parkinsonism is a progressive brain disorder characterized
by tremor, rigidity, bradykinesia, akinesia, and loss of
postural reflexes. The pathologic feature of Parkinson’s
disease, basically known as a movement disorder, is the
progressive loss of dopaminergic neurons in the substantia
nigra pars compacta, one of the main components of
basal ganglia, and accumulation of alpha-synuclein
called intracellular protein aggregates (Lewy bodies)
in surviving neurons. There are several reasons for the
disease, among which genetic factors and various toxins
are noted. Parkinson's disease is the second most common
neurodegenerative disease in the world and in our country
that occurs in association with advanced age with the
increase in life expectancy. In this review, the formation
mechanism of the disease, Parkinson's tests, and methods
used in experimental modeling will be discussed.
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is currently no cure for PD but medications can help
control the symptoms.

Mitochondrial dysfunction

Mitochondria are an intracellular powerhouse
that performs important cellular reactions, including
energy production, calcium metabolism and
regulation of cell death.™

The direct link between mitochondrial
dysfunction and Parkinson's disease was established
in 1983 as a result of the discovery of 1-methyl-
4-phenyl-1,2,5,6-tetrahydropyridine  (MPTP), a
neurotoxic that elicits symptoms of PD in drug-
exposed patients, and later MPTP neurotoxicity is
validated in the primate model.””!

Evidence of mitochondrial dysfunction is
obtained from brain samples of PD patients.® Among
the main features of mitochondrial dysfunction are
symptoms such as excessive ROS (reactive oxygen
species) production, ATP depletion, mitochondrial
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DNA (mtDNA) deletion, caspase release, and
disruption of electron transport complex (ETC).”
It is known that mitochondrial complex | activity
is significantly decreased in substantia nigra of
patients and mtDNA deletion is observed at high
levels.B1

ROS production causes damage to the activity
of mitochondrial complex | (NADH dehydrogenase-
ubiquinone oxidoreductase) and Ill (ubiquinone-
cytochrome c oxidoreductase), inducing oxidation of
proteins in the mitochondria and cytoplasm, leading
to mitochondrial dysfunction.'™

Oxidative stress in Parkinson’s disease

Another pathological process of PD is oxidative
stress. The shift in the balance between oxidants
and antioxidants in favor of oxidants is termed
“oxidative stress”.'"? Oxidative stress, which is
a pathological process that occurs during the
formation and excretion of free radicals that
may cause neurodegeneration, is responsible
for the pathogenesis of many diseases such as
cancer, diabetes, cardiovascular and neurological
diseases, atherosclerosis, and inflammatory
disorders.[1213

Free radicals are divided into reactive oxygen
(ROS) and nitrogen (RNS) species. With the help
of antioxidants, and repair systems ROS/RNS
are removed from the body and the organism is
protected from oxidative stress.'" Brain cells are
very sensitive for ROS production because it uses
20% of the oxygen in the blood.™ The antioxidant
that protects the brain from oxidative stress is
glutathione (GSH).l'¢1"

Oxidative stress is one of the pathogenic
mechanisms of dopaminergic cell death in
substantia nigra in Parkinson's disease.”! As a
result of increased oxidative stress, the ubiquitin-
proteasomal system (UPS) is over-activated,
resulting in the accumulation of damaged and/or
misfolded proteins.™

Other findings for mitochondrial dysfunction
related to oxidative stress and dopamine cell
damage include mutations in the genes of proteins
such as a-syn (alpha-synuclein), parkin (PARK), DJ-1
(daisuke-junko-1), or PINK (PTEN-induced kinase). It
is also associated with familial forms of Parkinson's
disease." Parkin and PINK1 are localized in the
mitochondria and are closely related to the normal
functioning of the mitochondria. Parkin mutation
impairs mitochondrial complex-1 activity.
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Free oxygen radical release increases. Also,
functional disorders caused by PINK1 mutation
lead to increased oxidative stress. Mutations or
decreased expression of related proteins result in
mitochondrial degradation, oxidative stress, and
protein aggregation. Moreover, reactive dopamine
quinones formed by dopamine oxidation cause
ROS levels to rise, leading to oxidative stress.
Increased oxidative stress affects cell survival by
disrupting the internal balances of the wrongly
modified or damaged proteins of the UPS
(ubiquitin-proteasomal system).'? Environmental
toxins cause oxidative stress by increasing
mitochondrial dysfunction and free radical
formation. Mitochondrial dysfunction caused by
complexlinhibitionleadstoanincreasein oxidative
stress and a decrease in ATP production and results
in cell death by causing damage to intracellular
components. Additionally, neuro-inflammatory
mechanisms contribute to the process that leads
to oxidative stress. In summary, these various
cellular mechanisms attributed to oxidative stress
are involved in the selective degeneration of
dopaminergic neurons. PD also occurs as a result
of the degeneration of dopaminergic neurons.'8!

EXPERIMENTAL ANIMAL MODELS AND
TESTS IN PARKINSON’S DISEASE

Non-transgenic models of PD

In non-transgenic models, neurodegeneration
occurs in a short time and there is no accumulation
in Lewy bodies. It is aimed to develop the most
appropriate models to investigate the degenerative
process developing in dopaminergic neurons
in the substantia nigra and to try symptomatic
treatments.2

A) Parkinson Model induced by
6-Hydroxydopamine (6-OHDA)

6-OHDA (6-hydroxydopamine) is a specific
catecholaminergic neurotoxin used to produce
lesions in nigrostriatal dopamine neurons in rats. It
is used to reveal the Parkinson model in rodents.2”

It cannot cross the blood-brain barrier, therefore
it should be injected directly into the pars compact
or striatum in substantia nigra. 6-OHDA should
be preferred as a one-sided model. Because the
bilateral injection of this compound into the
striatum causes severe adipsia (absence of thirst),
aphagia (refusal or inability to swallow), seizures,
and it often leads to death."
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B) Parkinson Model induced by 1-methyl
4-phenyl 1,2,3,6-tetrahydropyridine
(MPTP)

MPTP is an artificial drug that was unexpectedly
obtained by a chemist producing drugs in a laboratory
in California, the USA in the early 1980s while
trying to create a drug called 1-methyl-4-phenyl-4-
propionoxypiperidine (MPPP). It was observed that a
group of people using MPTP developed a syndrome
that was irreversible and very similar to Parkinson's
disease.?2 MPTP itself is not toxic. It can cross the
blood-brain barrier and cause PD rapidly when it is
injected.

After MPTP enters the brain, it is metabolized
by the monoamine oxidase B (MAO-B) enzyme
of astrocytes into the toxic cation 1-methyl-4-
phenylpyridinium (MPP +). MPP+ kills dopamine-
producing neurons in the pars compacta of
substantia nigra. It is transported to dopaminergic
neurons in the substantia nigra pars compacta by
the dopamine transporter and blocks mitochondrial
complex | activity. Thus, mice to which this model
is applied develop motor disorders that can be
detected by behavioral tests.l?*

C) Paraquat and Maneb-Induced Parkinson
Model

Paraquat is the structural analog of MPP + and is
a widely used pesticide in the world. It can cross the
brain-blood barrier. Thus, it enters the structure of
neurons and blocks complex | in their mitochondria.
One of the advantages of using the paraquat model
is that it creates Lewy body-like inclusions containing
alpha-synuclein. However, these models give
conflicting and variable results in terms of behavior
and dopaminergic cell death.l#2%

D) Rotenone-Induced Parkinson Model

Rotenone is a naturally occurring organic
compound and has been used as a broad spectrum
insecticide and pesticide. It is a potent inhibitor of
complex | in ETC. Mitochondrial dysfunction, which
develops as a result of rotenone application, is to
disrupt all defense systems of dopaminergic cells
against oxidative damage and cause degeneration.
Because of these effects, it has been used to develop
in vivo rodent models of PD.2¢

Rotenone is lipophilic like MPTP and can cross the
blood-brain barrier. A negative aspect of this model
is that it causes too much death in laboratory animals
and it leads to variable dopaminergic damage.?”
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Transgenic Models of PD
A) Alpha-Synuclein (a-synuclein)

Alpha-synuclein, generally found in brain
regions (brainstem and cerebral cortex) thought to
cause neurodegenerative diseases, is formed as a
result of abnormal folds in proteins. It is a neuronal
protein encoded by the SNCA gene and the main
neuropathological feature of PD.

The general name of the diseases caused by
the accumulation of these bodies is called “Lewy
Body Dementia (LBD)". All Lewy body diseases show
the accumulation of alpha-synuclein protein and
resulting in neuronal cell deaths in neuropathology.
When looking at the physical effects of alpha-
synuclein, increased cellular oxidative stress damage
and inflammation are observed./?”2

B) Leucine-Rich Repeat Serine/Threonine
Kinase 2 (LRRK2)

LRRK 2 mutations are the most common cause
of Parkinson's disease in autosomal dominant
inheritance. Overexpression of LRRK2 as wild type
in bacterial artificial chromosome (BAC-bacterial
artificial chromosome) transgenic mice leads to
increased dopamine release in the striatum and
hence motor hyperactivity.

Overexpression of the G2019S mutated protein
results in an age-dependent decrease in striatal
content. It is thought that LRRK2 has a role in
dopaminergic transmission by causing a decrease in
dopamine uptake and release.*”!

C) PTEN-Induced Putative Kinase 1 (PINK1)

PINK1 is the second most common mutation. This
gene is responsible for 4% of early-onset Parkinson
cases.? [f disturbances occur at the mitochondrial
level and neurotransmission, there is no change in
the number of dopaminergic neurons and striatal
dopamine levels.?

D) Parkin

Parkin mutations are the most common cause
of autosomal recessive PD. Parkin, encoded by the
PARKN gene, is a ubiquitin E3 ligase. It directly
participates in mitochondria quality control with
PINK1.1201

E) Mito-Park

It is a model based on the lack of oxidative
phosphorylation that occurs as a result of a
disruption in mitochondrial DNA.®"
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TESTS
1) Rotarod

In this test, the mouse is first placed on the
rotarod properly. Thus, the mouse will be constantly
in motion to stay upright and standing. The falling
speed of the mouse is controlled. It is the most
preferred test in PD.B2

2) Adhesive Tape Test

It is applied to evaluate the asymmetry caused
by nigrostriatal damage. The hind legs of the rats are
glued with adhesive tape. The playing times with the
tape are noted in 15 minutes.B

3) Open Field Test

There are a slowdown and decrease in the
movements of the animal with Parkinson's. The
behavior of rats in a square or rectangular box of
equal length is observed. The floor is divided into
compartments. The animals' displacement between
compartments, vertical sniffing, first movement time
after being released to the center, and the number of
defecations are noted and evaluated.?

4) Cylinder Test

In the unilateral Parkinson's disease model, usage
of the contralateral forelimbs is reduced. The test is
performed to evaluate the usage of the asymmetrical
limbs. Rats are placed in cylinders and are observed
for five minutes.B3

5) Apomorphine Test

Apomorphine is a non-selective dopamine
receptor agonist and shows its effect in the striatum
through postsynaptic dopaminergic receptors. The
test is used for grading the contralateral rotation
movement of the brain induced by apomorphine,
striatal lesion, and treatment success. The animals are
placed in a box with an open-top and dark-colored.

Animals are placed in the box following the
administration of subcutaneous injection of 1 mg/kg
apomorphine and observed for 40 minutes.

For apomorphine-induced locomotor activity
test, total distance traveled and average velocities
between 15 and 20 minutes are analyzed. For
apomorphine-induced rotation test, animals are left
in the box following injection. It is counted each 10™,
20, and 30th minutes for how many times they turn
around for 3 minutes. Rotating around itself and
completing 360 degrees is considered as 1 rotation,
other turns are not counted.3¢
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DISCUSSION AND CONCLUSION

As a consequence of the literature review, it
is understood that Parkinson's disease is a
neurodegenerative disease seen in the elderly.
It occurs as a result of the progressive loss of
dopaminergic neurons in the pars compacta of the
substantia nigra of the brain. One of the pathological
processes of PD is oxidative stress. Oxidative stress
occurs as a result of impairment of mitochondrial
function. Mitochondrial dysfunction results in the
damage of components within the cell and many
pathways that cause cell death. Findings enable
us to create experimental animal models with the
neurodegenerative process. Thus, the degenerative
process that takes place in dopaminergic neurons
was investigated and many suitable models were
created. One of the experimental animal models,
MPTP continues to be the best model for investigating
PD. Presently there is no cure for PD; the goal of tests
is to detect, prevent, manage, or treat this disease in
the early stage.
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