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ABSTRACT

Objective: Parkinson's disease, the second most common neurodegenerative disorder
afflicting 10 million people worldwide and the fourteenth leading cause of death in the
United States, is caused by the death of dopaminergic neurons that regulate movement in
the substantia nigra pars compacta. Mechanisms contributing to the development of
Parkinson’s disease in vulnerable individuals include protein misfolding, protein
aggregation, and mitochondrial dysfunction. In order to develop guidelines for clinicians
to utilize precision medicine to develop treatment plans to address the specific needs of
individuals with Parkinson’s disease and related conditions, we have developed
algorithms for diagnosis and treatment based on their view of available knowledge. We
reviewed the key literature on the pathogenesis of Parkinson’s disease on PubMed and
google scholar in order to propose guidelines for the development of diagnostic and
therapeutic interventions for people with Parkinson’s disease and related conditions. In
about 25 percent of patients, clinicians incorrectly diagnose Parkinson’s disease. Causes
of misdiagnosis include a lack of algorithms and inadequate use of diagnostic modalities.
Four main mechanisms that may contribute to the development of Parkinson's disease
(misfolding of alpha-synuclein, mitochondrial dysfunction, dysfunctional ubiquitin
proteasomal pathways, and abnormal autophagy) and different diagnostic modalities
(structured interview and examination, laboratory assessments, neuropathology, genetic
testing, neuroimaging) will form the basis for our algorithm for the diagnosis and
treatment of Parkinson’s disease and related conditions. Clinicians, administrators, policy
planners, advocates, and other concerned individuals will benefit from the adoption of our
guidelines for the diagnosis and treatment of Parkinson’s disease and related conditions.
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Pathogenesis of the Parkinson's Disease
a) Alpha-synuclein protein misfolding

Alpha-synuclein is a cerebral protein normally found in an insoluble fibril. It is an
abundant presynaptic protein that binds to negatively charged phospholipids, which also
function as SNARE —complex chaperone which contributes to the pathogenesis of
Parkinson disease due to its misfolding (1).Experiments were carried out on rodents and
found the abnormal neurotoxic alpha-synuclein protein is found in an oligomeric form
rather than the mature insoluble fibrils (2). Protein folding and refolding of the misfolded
proteins occurs via a group of molecules known as chaperones and co-chaperones such as
Hsp70 and Hsp90 and their Co Chaperone Hsp 40 (3). Syncluein misfolding can be
detected via a molecular test called Protein Misfolding Cyclic Amplification that will be
discussed in detail (4).
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Developing drugs that enhance chaperone and co-chaperone
molecular systems may help reduce protein misfolding in
some patients with Parkinson's disease (3).

b) Dysfunctional ubiquitin-proteasome system

Proteosomes are organelles responsible for protein turnover.
Diminished activity of these organelles may result in
abnormal protein accumulation in the basal ganglia and cause
damage which may contribute to the development of
Parkinson's disease (5). Decreased expression of proteasomal
components has been identified in the SNpc of the brain in
patients with Parkinson's disease (6). Ubiquitination Assay
for Parkin gene can be tested in autosomal recessive cases of
PD (7).

¢) Mitochondrial dysfunction

Mitochondrial dysfunction has been found in many cases of
idiopathic or hereditary Parkinson's disease (8).The neuro-
toxic alpha-synuclein in its oligomeric form can interact with
a mitochondrial receptor resulting in increased oxidative
damage due to reduced mitochondrial respiration (9).Genetic
testing can help diagnose hereditary cases with mitochondrial
dysfunction as many genes involved have been detected as
SNCA gene mutation in Autosomal dominant cases while
Parkin gene mutation in Autosomal recessive cases.
Developing drugs that target Mitochondrial Complexes to
resolve the dysfunction may enhance symptoms in PD (10).

Diagnostic Modalities

a) The most recent simple diagnostic modality: Tri-axial
accelerometer (11).

McKay, James Brasic, and their colleagues at Johns Hopkins
medical school developed a low cost simple objective method
to diagnose and grade Parkinson's disease (11). This
technique involves objective quantitative assessment of
tremors in extremities of patients with Parkinson's disease.

Low-cost accelerometers are attached to the upper and lower
limbs to generate a continuous three diminutions
representation of the movements. Patients and controls were
assessed through a test-retest method. The degree of tremors
is rated clinically by trained examiners. The output of the
accelerometers can be interpreted using Fast Fourier
Transforms and Continuous Wavelet transforms by experts
for diagnosis and therapy (12). The use of this device for
clinical practice is not FDA approved yet (11).

b) Transcranial sonography
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Sonography is a simple, low-cost and widely available
imaging modality and it can be used for diagnosing
Parkinson's disease with high accuracy. Pooled sensitivity and
specificity of transcranial -sonography for diagnosing
Parkinson's disease is 84% and 85%. This is calculated from
the meta-analysis of 39 studies involving 3123 patients (13).
Usually, it is not used for diagnosis unless there is an
associated condition such as epilepsy or stroke.

¢) Genetic and molecular testing
1) RT-Polymerase chain reaction (RT-PCR)

This method can detect genetic mutations in hereditary cases
of PD. It can be used for screening and diagnosis. This
method uses heat to denature DNA then annealing occurs via
Reverse Transcription DNA polymerase enzyme to amplify
the gene of interest (14).

2) Protein Misfolding Cyclic Amplification

This test uses ultrasound waves to degrade proteins such as
alpha-synucleininto small pieces so they can be amplified and
studied. This method can be used to detect misfolded alpha-
synuclein protein with high sensitivity and specificity in
patients with multiple system atrophy and Parkinson's disease
(15).

3) Ubiquitination assay for ligase enzyme

This method can be used in Autosomal recessive cases with
Parkin gene mutations. The concept relies on detecting the
activity of the Parkinubiquitin ligase enzyme which is
important for protein turnover (16).

d) Molecular imaging methods

1) In single-photon emission computed tomography
(SPECT) (33).

DaTSCAN in ET vs. PD

Parkinson's disease

Essential tremor

SPECT is a method of molecular imaging in which a gamma
ray-emitting radioactive isotope is tagged to a molecule of
interest. In patients with Parkinson's disease, labeled cocaine
derivatives such as loflupane for DAT-SPECT is most widely
used, others include 123I-B-CIT and 123I-FP-CIT (N-®-
fluoropropyl-2B-carboxymethoxy-3p-(4-iodopheny! tropane).
They label the presynaptic dopamine reuptake sites. Patients
with Parkinson's disease show reduced uptake of these
substances in the basal ganglia (17). A subtype of SPECT
called 123I-B-CIT SPECT was 100% sensitive and specific
for the diagnosis in younger patients (age <55 years). In older
patients (age >55 years), specificity was substantially lower
(68.5%) (18).
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A major disadvantage of SPECT, when compared to other
methods of nuclear imaging such as PET, include the limited
resolution of images for the visualization of basal ganglia in
PD (19).

2) Positron emission tomography (34)

a Control b Patient
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PET is another method of molecular imaging in which a
positron-emitting radioactive isotope is tagged to a molecule
of interest. Fluorine is injected intravenously into patients
with Parkinson's disease. Fluorine can be attached to either
DOPA or deoxyglucose. Flurodopa F18 is taken by the
presynaptic neurons in the basal ganglia particularly the
caudate and putamen. However, fluorodeoxyglucose is taken
by active cells to be trapped in the tissues during the imaging
study. Reduced uptake of Flurodopa is seen in Parkinson's
disease (20).

One study showed that the use of F-DOPA PET to discover
the pathogenesis of Parkinson's disease showed that F-DOPA
uptake correlated with increased bradykinesia and rigidity,
not with tremors which show that the pathogenesis of tremors
is different from the pathogenesis of bradykinesia and rigidity
(21).

It can be used if the diagnosis is inconclusive by DAT-
SPECT.A meta-analysis calculated the pooled sensitivity of
PET in diagnosing Parkinson's disease as 88% and specificity
as 92 % (22). A major disadvantage of PET imaging is the
short half-lives of the radioactive isotopes which do not allow
much time for imaging. Another major disadvantage is the
high cost of a PET scan.

3) Magnetic resonance imaging (35).

MRI is a method of imaging in which high magnetic field
strengths are used to excite the hydrogen atoms in water
molecules. MRI can demonstrate structural changes(atrophy)
in the basal ganglia in patients with Parkinson's disease as
illustrated in Image B.MRI is superior to CT, because of
better resolution and sensitivity to identify structural brain
pathology (23). A meta-analysis study published in 2021
calculated pooled sensitivity and specificity of using MRI in
PD. The pooled sensitivity was found as 92% and pooled
specificity as 90% (24). Usually, it is used for diagnosis only
if there is an associated condition like stroke or epilepsy.

4) Magnetic resonance spectroscopy

MRS can be used to quantify the intermediary metabolites in
small volumes of brain tissue. Patients with Parkinson's
disease show decreased concentration of Dopamine in the
basal ganglia. This method is usually used for research
purposes (25).

Our Algorithm for Diagnosis: Algorithm for Diagnosis of PD (ADPD)

Step 1 1.  History of Present llIness:
History of Bradykinesia with/without static tremors and or rigidity.
It is crucial to differentiate PD from other similar conditions such as
e  Supranuclear palsy which is characterized by gaze palsy seen early in the disease.
. Shy-Dragersyndromewhichis characterized by autonomic dysfunction and
L[]

2. History of Traumatic brain injury if present.
3. History of any chronic illness.

Cortical base degeneration which is characterized by early cortical signs as speech deficits and cognitive decline.

4. Family history of PD and or other movement disorders.

Step2  Clinical examination:
. Inspection: Static regular tremors like Bell rolling.
e  Tone:Rigidity of upper and or lower extremities.
e  Gait:Bradykinesia and characteristic shuffling gait.
Step 3 Use of mechanical accelerometer.
e  Simple and cheap method.
. It allows accurate grading of tremors.
If diagnosed: Step 4
Step4  With a family history.

e  Genetic and molecular testing (RT-PCR,Ubiquitination Assay for ligase enzyme,etc)

Without Family history
a) If no other condition is associated
. DAT SPECT.

. Reliable and widely available Imaging Modality.
b) If another condition associated (epilepsy or stroke)

. Transcranial Sonography
. CT
. MRI
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Figure: formation of Dopamine in the basal ganglia (36)

Medications used for Parkinson's disease:

Most medications used for Parkinson's disease target the
neuro-transmitter; Dopamine which is formed in the basal
ganglia in normal individuals.

To understand the mechanisms of these medications, we must
discuss how Dopamine is formed normally in the basal
ganglia.

Tyrosine is the amino acid used for the formation of
Dopamine and other neurotransmitters as adrenaline and
noradrenaline.

The picture below illustrates the steps for the formation of
Dopamine in the basal ganglia

a) L-DOPA

L-DOPA is the most potent and is the first line of treatment
for Parkinson’s disease, especially in the early stages. It
provides DOPA that is decarboxylated in the body to
Dopamine. It is highly effective but it has many adverse
effects. Combing it with Carbidopa helps prevents
decarboxylation outside the brain which reduces adverse
effects (26, 27).

b) Dopamine agonists

Drugs such as Pramipexole can be used to treat Parkinson's
disease as they stimulate the dopaminergic 2 receptors which
are located in the basal ganglia (27, 28).

¢) Catechol methyl-transferase inhibitor

Tolcapone and Entacapone are drugs that work via inhibiting
the enzyme Catechol Methyl-transferase thus increasing
dopamine availability in the basal ganglia.

Medical Science and Discovery, 2021; 8(9):514-519
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3-methoxytyramine,
3,4-dihydroxyphenylacetate (DOPAC),
3-methoxy, 4-hydroxyphenylacetate (HVA).

d) Monoamine oxidase inhibitors

Drugs that inhibit MAO —-B such as Selegiline help increase
the availability of Dopamine in the basal ganglia in a step
different from COMT inhibitors. Both classes have similar
efficacy (27, 28).

A meta-analysis summarized 45 clinical trials on 9000
patients to compare the efficacy of adjuvant drugs such as
dopamine agonists, catechol-methyl-transferase inhibitors to
L-DOPA. Dopamine agonists were found to be more effective
than catechol-methyl-transferase inhibitors and MAO-B
inhibitors which have similar efficacy. Drugs of the same
class were not different in efficacy except Tolcapone which
was found to be more effective than entacapone (29).

Experimental drugs
a) Carbenoxolone

Laboratory  Experiments  showed that the drug
carbenoxolonein a low dose enhances the activity of Hsp 90
in rat models which results in the reduction of misfolded
alpha-synucleinprotein in neurons and improvement in motor
functions (29)

b) Coenzyme Q10(Ubiquinol-10)

Coenzyme Q10 serves as a co-factor for complexes 1,2 and 3
for the electron transport chain in the mitochondria. It can be
of significant benefit for some patients with PD.A clinical
study showed that it might be helpful in patients taking L-
DOPA with wear-off symptoms (30).

¢) Sargramostism(GM-CSF):

GM-CSF is a cytokine produced by T- regulatory cells and it
plays a role in PD by protecting against basal ganglia
degeneration (10, 30). Drugs targeting the immune system
like Sargramostism has shown promise in animal model of
Parkinson’s disease and human clinical trials (31).
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Surgical methods
a) Deep Brain Stimulation

The concept relies on stimulating the subthalamic nucleus
which inhibits signals from the basal ganglia. It is an invasive
method but showed marked improvement in many patients.

b) Thalamotomy

The concept relies on destruction of the thalamus. Benefit for
tremors only.

c) Pallidotomy

The Concept relies on destruction of globus pallidum. Benefit
for tremors, bradykinesia,and levodopa-induced dyskinesias.
Bilateral procedures are not recommended.

d) Subthalamotomy

The concept relies on destruction of the subthalamicnucleas.

Under development; may reduce tremor, rigidity,
bradykinesia, and levodopa-induced dyskinesias. Not
recommended for bilateral use.

Other surgical methods include focused ultrasound

thalamotomies, and cell transplantation therapies (32, 33).

Our Algorithm for Treatment of PD: Algorithm for
Treatment of PD (ATPD)

Treatment of PD (ATPD)

Exercise and rehabilitation medicine.

L-DOPA or carbidopa.

If no improvement(monitor degree of static tremors by
accelerometer /monitor other signs of PD.

Increase dose of L-DOPA/carbidopa.

Maintain exercise andrehabilitationmedicine.

If no improvement or wear-off symptoms (Monitor degree of
static tremors by accelerometer /monitor other signs of PD.
Maximize dose of L-DOPA/carbidopa with or without another
class of medication such as MAO-B inhibitor or COMT
inhibitor.

Use of co-enzyme(Ubiquinol-10).

Maintain exercise and rehabilitationmedicine.

If no improvement, Monitor degree of static tremors by
accelerometer /monitor other signs of PD.

MAO-B inhibitors with or without COMT Inhibitors.
Maintain exercise and rehabilitation medicine.

If no improvement (monitor degree of static tremors by
accelerometer /monitor other signs of PD.

Step 1

Step 2

Step 3

Step 4

Step 5
Step 6

Deep brain stimulation (invasive method).

Surgical methods including radiofrequency or radiosurgery
procedures(pallidotomy,thalamotomy or subthalamotomy).
Potential new treatments including immunotherapy, gene
therapy or cell transplantation.

Step 7

CONCLUSION

Clinicians, administrators, policy planners, advocates, and
other concerned individuals will benefit from the adoption of
our algorithms for the diagnosis and treatment of Parkinson’s
disease.
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