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ABSTRACT

Parkinson’s disease is a chronic progressive
neurological disease that slowly damages the
central nervous system characterized by
rigidity, tremor and hypokinesia with
secondary manifestations like defective
posture and gait, mask like face and
sialorrhoea; dementia may accompany. There
is no known cure to prevent or delay the
disease  progress. The prevalence of
Parkinson’s disease increases with age.
Various therapies have been discovering to
relieve the symptoms and to prevent the
progress of disease. That comprising deep
brain stimulation, coffee therapy, stem cell
therapy, gene therapy, shark therapy. The goal
of this review is to emphasize the development
of various therapeutic approaches. This article
highlights the newer therapeutic methods for
the treatment of Parkinson’s disease such as

deep brain stimulation, stem cell therapy, gene
therapy etc.

Keywords: Parkinson’s disease, hypokinesia,
deep brain stimulation, coffee therapy, gene
therapy, mesenchymal cells, squalamine.

Parkinson’s disease

In 1817, Parkinson’s disease (PD)
was first described by Dr. James Parkinson
as an essay “Shaking Palsy”. ™ It is a
chronic, progressive, neurodegenerative
disorder characterized by both motor and
non-motor features. » * The pathology of
PD involves extensive regions of the
nervous system, various neurotransmitters
and protein aggregation other than just
lewy bodies.
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Figure 1: Brain of Parkinsonian patient [**!
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Etiology of Parkinson’s Disease
Parkinson’s disease caused by
degeneration of nerve cells in the part of the
brain called substantia nigra, which controls
movement. This leads to the inability to
produce an important chemical called
dopamine.**! It may be also caused from a

complicated interplay of genetic and
environmental factors. Genetic factors
including genetic mutation and

environmental factors including age, sex,
NSAID use, blood urate level, head trauma,
anxiety disorder etc.[®"*]

The motor symptoms of PD include
four cardinal features; bradykinesia, rest
tremor, rigidity, Postural instability and gait
impairment. ! Non-motor  symptoms
include autonomic disturbance, sensory,
skin, sleep, visual, neuropsychiatric
dysfunctions, olfactory- dysfunction.t%12
Impulse control disorders and apathy are
recognized as important neuropsychiatric
syndrome associated with PD. Most
therapies are oriented towards symptomatic
relief which slow or even terminate
neurodegeneration and that causes slow
progression of the disease.

Therapies for Parkinson’s disease:
1] Deep Brain Stimulation

It is a treatment that helps to relieve
the motor symptoms of PD as well as some
of the non-motor symptoms. ™% It is called
as symptomatic therapy; it does not change
disease progression.

The DBS system contains 3 components:

1) The lead is a thin, insulated coiled wire
with 4 electrodes at the end inserted
through a small opening in the skull and
implanted in the brain.

2) The internal pulse generator (IPG) is
neurostimulator usually implanted under
the skin near the collarbone. In some
cases it may be implanted in the chest or
under the skin over the abdomen.

3) The extension is an insulated wire that is
passed under the skin of the head, neck
and shoulder and connects a lead to the
IPG. [
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Figure 2: DBS Therapy **¥

The patient is awake during the
surgery. A small opening is made in the
skull under local anaesthetic. DBS involve
the surgical placement of a lead containing
four electrodes into a very specific selected
brain region. > There are three main
parts of the brain where it can be placed; the
globus pallidus internus, the thalamus, the
subthalamic nucleus. ™ The lead is
connected to a pacemaker-like device that is
implanted in the chest region below the
collarbone. This device is called as
neurostimulator or IPG contains the battery
and computer source that generates the
electrical pulses that will be delivered via
the lead to the brain. A magnet is used with
the IPG to adjust the level of stimulation at
the electrode tip. The patient is provided
with handheld magnet to turn the IPG on or
of at home. !

DBS is an effective surgery which
includes pallidotomy, subthalamotomy and
thalamotomy. (127

i) Pallidotomy:

It is a neurosurgical procedure in
which a tiny electrical probe is placed in the
globus pallidus (one of the basal nuclei of
the brain), which is then heated to 80°C for
60 seconds, to destroy a small area of brain
cells.”t 2 It is effective only when the
lesion placed in exactly at the right spot. It
should not be performed on both sides of the
brain.””®! It is recommended for the patient
having advanced PD with serious motor
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problems that have been resulted from using
the medication for a long time.’Y It has
potential to improve tremor, motor
fluctuation, rigidity, bradykinesia,
dyskinesia, walking and balance.[?>**]

il) Subthalamotomy:

When a tiny heated probe is inserted
into the subthalamic nucleus of the brain to
destroy tissue, the process is known as the
subthalamotomy.” It can provide the same
type of effects as pallidotomy. It can be
performed on the both sides of the
brain.F%% A few subthalamotomy patients
have developed a side effect -called
hemiballism (the appearance of flailing,
ballistic, undesired movements of the
limbs), but in most of the cases it is a
transient adverse effect.!***!

iii) Thalamotomy:

It is the precise destruction of a tiny
area of the brain called the thalamus that
controls some involuntary movement with
the help of heated probe.™ It is used to treat
severe tremor on one side of the bodg/ that
does not respond to medicines. 7
Surgery on one side of the brain affects the
opposite side of the body. If the patient have
tremor in the right hand then the left side of
the brain will be treated. **

It is used less often than pallidotomy
and subthalamotomy because they both can
improve a broader range of symptoms. %
Thalamotomy can reduce tremor, ! but it
does not have a strong effect on other
symptoms  like bradykinesia, speech
problem,  walking  difficulties  and
dyskinesia.

DBS surgery Effects of surgery

Pallidotomy Reduces tremor, rigidity, bradykinesia, gait

problems, dyskinesia

Subthalamotomy Reduces tremor, rigidity, bradykinesia, gait

problems, dyskinesia

Thalamotomy Reduces tremor but no other symptoms of

PD

2] Gene therapy

The treatment of Parkinson’s disease
required dopamine replacement therapy.
Now a day a new treatment uses a virus to
deliver gene in the brain and it is known as

Gene therapy.¥! In 1972, it was first
described as a means to “replace bad DNA
with good DNA”.1*%I Gene therapy affects
an enzyme called AADC (Aromatic amino
acid decarboxylase).This enzyme helps to
transform levodopa into dopamine in the
brain.[*! Gene therapy is not a cure for
disease, but it may allow more effective
management of symptoms.*’!

Typically gene therapy introduces a
working version of gene into cells to create
key proteins or enzymes. Then these genetic
instructions delivered to the cells using viral
or non-viral vectors.*”! Vectors are derived
from viruses because they have ability to
enter into the cells to deliver genetic
material such as DNA, mRNA, small
interfering  RNA (siRNA), microRNA
(miRNA) or antisense oligonucleotide.**]

To provide a safer approach for gene
delivery various non-viral vectors have been
developed, including liposomes,
polymerase, nanoparticles and peptides.™*”!
Due to short duration of gene expression,
non-viral techniques are insignificantly used
for the treatment of PD. Viral vector
technology islthe most commonly used
method for gene transfer in the CNS.

It causes long lasting gene
expression via DNA integration or episome
formation into the host genome.® Based on
the criterion of safety, stability of gene

expression various viral vectors are
developed to transfer foreign gene.
Recombinant ~ Adeno-Associated  Virus

(rAAV) and lentivirus vectors are most
commonly used. %

All viral genes are removed and the
vector is modified to only deliver
therapeutic genes into cells. For PD, gene
therapy deliver a vector that has functional
gene to help cells to create enzymes or
neurotransmitters which work together with
existing PD medications to create better
result.

As the disease progresses, not only
brain create less dopamine, it also creates
less AADC enzyme. The AADC enzyme
helps the brain cells to convert L-DOPA to
dopamine.®  L-DOPA is naturally
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occurring or can be provided Vvia
Parkinson’s medication. Gene therapy
delivers the dopa decarboxylase (DDC)
gene via vector to increase the production of
AADC enzyme. Then DDC gene helps to
create more AADC enzymes. It effectively
regulates level of dopamine in the brain.
Viruses used to delivered gene:

1] Adenovirus

Adenovirus was first viral vector
contains a 36kb genome and comprised of
double stranded DNA in animal models of
PD.5% 53 Gutless adenovirus vectors have
higher capacity to achieve transgene
expression and reduced toxicity.™

2] Adeno-associated virus

AAV  comprise  two  genes:
1)encoding capsid (cap) 2) viral replication
(rep) proteins and required other viruses
(adenovirus) for replication. These includes
long term gene expression formation hence
AAVs are suited to gene therapy for PD.F"!
AAV-2 derived vectors are frequently
utilized serotype in gene therapy. AAV-2
transduced only neurons within CNS after
local administration. The basal ganglia
neurons are high efficiently and in specific
manner able to transduce by AAV-1, AAV-
5 and AAV-8 in nonhuman primate. Hence
they can use in future gene therapy.®®

In  recent studies, use of
erythropoietin as a therapeutic agent for PD
delivered in the gene to striatal neurons
using AAV-9 in rodent model.>”!

3] Lentivirus (Retrovirus)-

Lentiviral vectors are based on
HIV.PE HIV-1 derived vectors incorporate a
transgene between the long terminal repeats
(LTRs) for integration into the host genome.
They infect dividing and non-dividing
cells.>

4] Herpes Simplex Virus (HSV)-

It is a 150kb double stranded DNA
virus. HSV-1 has infected neuron.[60]
HSV-1  vectors divided into: a)
Recombinant viral b) Amplicon vector

symptoms. In this type, foreign gene is
required for insertion.

3] Stem cell therapy

Stem cell therapy (now commonly
referred as cell replacement therapy (CRT)),
promotes the repair response of diseased,
dysfunctional / injured tissue using stem
cells or their derivatives."! This therapy
works by the infusion or transplantation of
whole dopamine producing cell into the part
of the brain where the lead cells used to
release DA.? The numerous pre-clinical
studies have shown that transplanting
dopaminergic neuron improves motor
symptoms in animals with Parkinson’s
disease.*’]

CRT is performed by using stem
cells. Stem cells are the body’s raw material
cells from which all other cells with
specialized functions are generated.’® They
divide to form more cells. These daughter
cells either becomes new stem cells (self-
renewed) or become specialized cells
(differentiation) with a more specific
function such as, bone cells, heart muscle
cells, blood cells and brain cells.*Y The
ability of stem cells to multiply and
differentiate into any other cell type with
specialized  function is known as
pluripotency. Due to two distinct properties
i.e. differentiate and multiply stem cells can
serve as an internal repair system, dividing
without limit to replenish other cells. The
two main sources of stem cells are embryos
(embryonic stem cells) and adult tissue
(adult stem cells).®) These cells are
generally characterized by their potential to
differentiate into particular cell types such
as skin, muscle and bone.

Following are the sources of stem
cells:

i] Human embryonic stem cells (hESCs):

In 1981, embryonic stem cells
(ESCs) were first isolated from mouse
blastocysts.[°> ¢ %81 The pre-clinical study
showed some gradual but significant
improvement of symptoms in rats with
ESC-derived dopaminergic neurons. This
study also highlighted some unfavorable

International Journal of Research and Review (ijrrjournal.com) 386
Vol.7; Issue: 12; December 2020



Tanvi Dasharath Choukekar et.al. Parkinson’s disease: an overview of various treatments

side effects. It involves a high rate of tumor
formation and graft failure."® ™ The study
showed some positive results, the high
incidence of tumor formation indicates
some risks involved in transplantation
highly proliferative tissue. ['* "

Another study looked at stimulating
the  differentiation of ESCs into
dopaminergic neurons in vitro before
transplanting these into an animal model of
PD.% 71 It showed that the grafted ESC-
derived neurons survived and proved to be
functional but the study also agreed that
tumor formation was an unacceptable
complication associated with ESC grafts so
that the further animal studies were required
to understand safety and efficacy of these
transplants.[’4""]

In 1998, human embryonic stem
cells (hESCs) were first isolated by
Thomson.!”® These cells are harvested from
the blastocysts and a number of human
embryonic stem cell lines have been
generated from excess embryos from in-
vitro  fertilization  procedures.  The
blastocysts consist of inner cell mass (ICM)
and trophoblast cells (trophectoderm). ICM
cells are totipotent, so they can give rise to a
complete human being.[”™ Once ICM cells
have been removed from the intact
blastocyst they become embryonic cells.
Embryonic cells are pluripotent.[®® &
Human embryonic stem cell research
remains at the pre-clinical stage and early
work showed that ESCs could alleviate
neurochemical and behavioral problem in
animal model of degenerative disease™
One of the limitations of embryonic stem
cell use is caused b%/ their immunological
rejection phenomena.®®

ii] Human induced pluripotent stem cells
(hiPSCs)

A new technique of deriving human
pluripotent stem cells has been evolved in
2007 which is concurrent to the
development of “disease specific” hESC
lines.®*¥8 The generations of hiPSCs have
been shown ESC like properties.®™ These
cells have been generated from adult

somatic cells such as skin fibroblasts or
peripheral ~ blood  mononuclear  cells
[(8FL>188EI_)\]/ICS) by genetic reprograming process.

The reprogramming of mouse and
human somatic cells to a pluripotent state
has been performed by viral transduction of
four transcription factors. The transcription
factors used were OCT4, KLF4, SOX2 and
c-MycC. ¥

In the mouse system, it has been
demonstrated that induced pluripotent stem
cells (iPSCs) develop tumors resulting from
reactivation of the c¢c-MYC.® When
reprogramming has been achieved in the
absence of c-MYC, it was shown longer
latency with reduced efficiency.®” A major
limitation of hiPSCs in the clinical
application is the presence of viral vectors
used for transduce the reprogramming
factors. To avoid the integration of vector
and transgene sequences into the cell
genomes different vectors were used such as
adenoviral vector, ! sedai virus,®>
episomes,®  plasmids,®  transposons,
synthesized mRNAs®" and proteins.'*®!

The process by which somatic cells
are converted to iPSCs is not fully
understood. They represent an endless
source for patient- specific stem cells
because they overcome the ethical aspects
related to embryonic stem cell production.
They also have tremendous potential
applications in regenerative medicines, drug
development, toxicity tests and disease
modeling.[®!

iii] Adult stem cells

The common type of adult stem cells
are Mesenchymal Stem Cell (MSCs). MSCs
present in adult bone marrow normally
provide structural and functional support for
hemopoiesis.®**®™ The mesenchymal stem
cell therapy is an attractive research field for
scientist because these cells are free from
ethical and immunological problems.®* I
MSCs have capacity for multipotency and
differentiating under appropriate condition
into chondrocytes, skeletal myocytes and
neur.ons.[loo, 102-104]
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According to recent studies, it was
found that human mesenchymal stem cells
produce neurotrophic factors (NTFs), such
as vascular endothelial growth factor
(VEGF), nerve growth factor (NGF), brain
derived neurotrophic factors (BDNF),
ciliary  derived  neurotrophic  factors
(CDNF), glial cell line derived neurotrophic
factors (GCNF), which are neuroprotective
molecules, but the source and the donor
influence the synthesis rate.'% ! cD29
(B-1 integrin), CD90 (Thy-1), CD54
(intracellular adhesion molecule), CD44
(homing associated cell adhesion molecule),
CD71 (transferrin receptors), CD105 (SH2),
SH3, Stro-1, and CD13 are mesenchymal
markers by which MSC’s are express, but
they do not express markers typical of
hematopoietic and endothelial cell lineages,
such as CD11b, CD14, CD31, CD33, CD34,
CD133 and CD45. 1" 108]

NTFs are essential for the
development and maintenance of normal
neuronal function in adults and also for
neuronal survival and differentiation.””
According to experimental studies, NFTs
slows the progression of degeneration,
enhance the activity of remaining neurons,
induce regeneration, support the survival of
transplanted dopaminergic cells and induce
proliferation and differentiation of neural
stem cells. Thus, the use of this therapy is
increased due to the effectiveness of NTFs
in protecting or restoring dopaminergic
neurons.

In vitro studies have shown that
MSCs can not only inhibits nearly all cells
participating in the immune response cell-
cell-contact-dependent mechanism but can
also release various soluble factors that
might be involved in the
immunosuppressive activity of MSCs, but
the exact mechanism is unclear.!°® 1% 1101

The in-vivo and in-vitro studies have
shown that MSCs exert tissue protective
effects via anti-inflammatory action.™*** 112
These studies have shown that MSCs
increased the expression of the anti-
inflammatory cytokines IL-6, IL-10 and
transforming growth factor beta (TNF-beta)

and decreased the number of activated
forms of microglia.l*** MSCs also increased
the production of TNF-alpha and inducible
nitrous oxide synthase (iNOS) from
microglia stimulated by lipopolysaccharide
(LPS).™ Thus, by this anti-inflammatory
mechanism MSCs show neuroprotective
effects against dopaminergic neurons death.
The major advantage of MSCs in
clinical application is their neuroprotective
properties  which  have  therapeutic
implications for Parkinson’s disease.*™

4] Physical therapy

Physical therapy is not a cure for
PD, because neurological damage cannot be
reversed. 1% It focuses on mobility-related
activity  limitation, includes physical
capacity, transfers, manual activities,
balance, gait and an important target for PD
treatment is posture.™*” 8 This therapy
includes support to patients for participation
in movement related activities and self-
management and also helps to build
strength, balance, flexibility and co-
ordination. The aim of this therapy is to
increase general fitness, movement quality
and functional independence. It deals with
anatomy and person’s strength, capacity and
motor progress. ™% In this treatment, first
appointment is for evaluation and
recommendations for exercise and further
appointments are for checking patient’s
progress.

Physical therapist teaches exercise
and other techniques such as-
e Getinand out of bed
e Muscles stretching to improve range of

motion

e Avoid fall
e Smooth walk
e Go up and down from stairs %!

Physical therapists used cues to
improve gait.**! Cues are classified as
auditory (using music),'?*%®  visual
(stepping over stripes on the floor), #2128
tactile (tapping on the hip or leg) 2> 1?®1 and
cognitive (using a mental image of the
appropriate length of a step)."”®! In PD
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patients, visual or auditory cues have been
applied to improve gait during active
training.*** ' But how cues improve
movement is not yet clear.[**"

Types of physical therapy:
1] Amplitude Training

This is a specific type of physical
therapy for PD and it is called as LSVT BIG
training (LSVT- Lee Silverman Voice
Treatment). LSVT LOUD therapy is to
amplify the voice.** It involved a way to
retrain the muscles and slow down the
progression of hypokinesia.**”!

2] Balance

For patients with Parkinson’s
disease, when balance training combined
with walking training exercise, muscle
strengthening and the range of movement is
more effective than balance exercise
alone.[**?

3] Exercise

It consists of repetitive and planned
physical activity. Exercise performed with
three different goals. First, improve physical
capacity and functional mobility including
balance, transfers and gait. Second, it works
as a symptomatic treatment for suppression
of motor symptoms. Third, it improves non-
motor symptoms such as depression, apathy
and fatigue. [**°!

4] Strength Training

For patients with Parkinson’s disease
muscle weakness is a bigger problem.
Physical therapists guided people to
strengthen their muscles using exercises that
use light weights (light dumbbells) or a
resistance band (a kind of thick rubber
band).[**?]

Physical therapy cannot stop
Parkinson’s disease. It can help to improve a
patient independence. Also, increase quality
of life by improving cardiovascular health,
strength, movement range and relieving
pain.34

5] Occupational therapy
Occupational therapy (OT) is a
multidisciplinary  treatment.**!  Several
multidisciplinary rehabilitative treatments
have been shown to be effective for
Parkinson’s diseases patients in reducing
PD symptoms and improving motor
function.*® This focuses on enabling the
person to engage in daily activities.**"]
Also, deals with rehabilitation and motion.
The aim of this therapy is to help people
with Parkinson’s disease to stay active in
their daily life by improving skills, showing
different ways to complete tasks. For this,
therapists combine design exercise and
mental health with physical aspects.
Modifications of occupational therapy with
PD:
e Changing the time, nature and duration
of an activity.
e To reduce situations, arranging items.
e To reduce the risk of falling,
environment structuring.
e Activities simplification by breaking
complex action into simple task.
Occupational therapy teaches way to
help you accomplish daily tasks more
easily, confidentially and safely.**®! This
therapy can reduce the high level of
disability and improve the quality of life.™®
B9 This therapy also improves the
performance and engagement in activities
within the community. This therapy is
different for each patient. In this therapy,
first appointment includes evaluation and
recommendations. The following
appointments are for checking progress and
review of patients. This therapy used along
with other treatment to tackle with motor
and non- motor symptoms of PD.
Occupational therapy focuses on
adapting  the  environment  through
modifying the task, teaching skills and
educating the person. For this, the training
and advices are given to patients with PD by
therapists. Occupational therapist
encourages their patients with PD engage in
their regular physical activity.[*%
Following are some things that
therapists can teach patients:
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How to use a walker?

How to keep balance while working?

How to get in and out of bed easily?

Tricks to do other self-care tasks.

e Easy tips to make daily activities e.g.
eating, cooking.

In  occupational
recommended areas are-
1] Mobility:

This includes help to the patient with
PD to concentrate on walking avoiding
other non-essential talking.[**®!

therapy some

2] Prevention of fall:
This includes

concentrate  on

attention. %!

people with PD
walking  with  full

3] Sit-to-Stand transfers:

It involves practice of sit to stand
transfers from chair with full attention
without falling down.**®!

4] Domenstic skills:

It includes practice of some work
which is affected due to loss of coordination
and balance."*! E.g. Meal preparation

5] Fatigue management:

In this, therapists introduce regular
resting period to patients because PD
patient’s feels tired more quickly due to
inefficient movement.[**®!

6] Handwriting:

People with PD tend to have
handwriting where small letters are sloping
towards page corners instead of straight
across. !

Occupational therapists serve as a
link between a patient and the workplace.
They promote the maintenance of normal
roles, daily routines and social habits.

6] Dogfish Shark Therapy

A recent study suggest that a
chemical compound derived from dogfish
shark is may be the key to treat PD.
Proceeding of the National Academy of
sciences was  published that the
“Squalamine” derived from dogfish sharks

reduced the creation of a-synuclein. These
results were seen in both human neurons
fgl]ls and in roundworm models of PD.!**

“Alpha-synuclein” is a small protein
(140 amino acid), which is encoded by the
SNCA gene and it is the best isoform of the

synuclein ~ protein  family.!  its
physiological role is still not fully
understood but there is  growing

experimental evidence for a causal role of a-
synuclein in neurodegenerative disease like
PD.Y The abnormally aggregated alpha-
synuclein is the major component of lewy
bodies and lewy neurities, which are
characteristic of PD.!*% 1461

In 1993, Michael Zasloff discovered
squalamine from the liver of dogfish shark
of the genus squalus.*** Squalamine is a
steroid-polyamine  conjugate,  naturally
occurring compound. It is having broad
spectrum of anti-microbial activity and anti-
angiogenic activity. Zasloff has been
studying for more than 20 years.**! He
explained that squalamine is a positively
charged molecule which having a high
affinity for negatively charged molecules.
When it enters in a cell, it fits on a
particularly negatively charged membrane
present in that cell and kicks off proteins
(alpha-synuclein) that are stuck on. It also
helps to prevent aggregation of alpha-
synuclein.™

Zasloff studied by using animal
model of worm. These worms have been
genetically engineered to produce human
alpha-synuclein in their muscles. As the
worms grown alpha-synuclein  protein
accumulated, they experienced that begin to
damage their functional activity. When
squalamine given to these worms, there is
an inhibition of the aggregation and
complete rescued of the animals from
damage.[**"!

In in-vitro models squalamine was
first tested to establish how it interacts with
alpha-synuclein and lipid vesicles, which
are known to cause a build-up of the protein
in brain cells. The investigators found that
protein aggregation was successfully

International Journal of Research and Review (ijrrjournal.com) 390
Vol.7; Issue: 12; December 2020



Tanvi Dasharath Choukekar et.al. Parkinson’s disease: an overview of various treatments

inhibited with the help of sgalamine by
stopping  alpha-synuclein  bindin to
negatively charged lipid vesicles.™*? Then
sgalamine was tested in Caenorhabditis
elegans because they share approximately
40% of their genes with humans. When
sgalamine was orally administered by C.
elegans, it was found that the shark derived
compound inhibited alpha-synuclein
aggregates and prevented the toxic effects of
the protein.[*42 147149

The researchers said that further
studies should be required to determine
whether squalamine can reach the specific
parts of the brain where the process
determining Parkinson’s take place.l**®!

7] Coffee Therapy

There is no known cure to prevent or
delay the Parkinson’s disease progression.
Now, coffee therapy has been developed to
treat PD because active compound in coffee
possess therapeutic effects for treating
Parkinson’s disease. The most effective
drug being used to treat symptoms of PD is
L-DOPA. ™% Current studies have shown
that coffee consumption increases the
effects of L-DOPA and has an effective role
in both the onset and progression of PD.

Coffee is one of the most consumed
beverages around the world. There are so
many compounds found in coffee but
mainly it contains caffeine. > Caffeine has
important role in prevention of PD
development. Caffeine antagonizes and
blocks adenosine A2A receptors in the
striatum. The blockade of rece?tors
improves motor  functions.®> %3¢
indicates that coffee as AZ2A receptor
antagonist in  potential  symptomatic
treatments for PD. Increasing consumption
of coffee has been correlated with a lower
risk of PD development.*>* 2%

Active compounds in coffee are able
to penetrate blood brain barrier (BBB).
After entering the CNS, L-DOPA converted
into dopamine (DA) via enzyme aromatic L-
amino acid decarboxylase.'®® Caffeine
behaves as a competitive inhibitor for
enzymes that participates in converting L-

DOPA to DA. Studies have confirmed that
caffeine is metabolized by isoforms of
CYP.I*" 8 The conversion is occurring via
different enzymes. Caffeine acting as an
inhibitor which enhances the effects of L-
DOPA in treatment of PD. L-DOPA has a
half-life of 60-90 minutes.** Caffeine
extends the time of L-DOPA present in
body before its conversion into DA. DA is
the neurotransmitter which binds to DA
receptors in central nervous system (CNS).
DA receptors have five subtypes; D1, D2,
D3, D4 and D5.1%%% The loss of D1 and D2
receptors are associated with onset of
PD."M D1 receptors activate adenylate
cyclase whereas D2 receptors inhibit it.*5?
These both receptors have opposite roles.
The coffee compounds also have
been shown to stimulate production of G-
CSF via immune cells.*™®® G-CSF binds to
receptors on the cell membrane. The
nucleus and relay chemical signals prevent
the apoptosis and extend the cells.
Mechanism is also applying to cells other
than neurons, in particular those of the
immune system. Immunity suggested as a
significant catalyst in a variety of disorders
such as PD. There is a benefit to coffee
drinkers that many of the coffee compounds
have been shown therapeutic effects. So, it
is still necessary to continued research on
coffee to find many more uses of it.[**%

CONCLUSION

There is no known cure for
Parkinson’s disease. There are many
modern therapies have been developed for
the treatment of PD, including DBS, stem
cell therapy, gene therapy, coffee therapy,
etc. But all of these therapies have some
merits and demerits. Many PD patients goes
for surgical therapies due to inadequate
symptomatic relief on medication or
because they suffer from medication-related
side effects. DBS helps to relieve motor as
well as some non-motor symptoms of PD.
Pallidotomy and subthalamotomy improve
tremor, motor  fluctuation,  rigidity,
bradykinesia, dyskinesia, walking and
balance, but it can not a cure disease. Gene
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therapy is not a cure for PD, but it may
allow more effective management of

Parkinson’s disease. Journal of Neurol
Neurosurg Psychiatry.1988; 51(6):745-752.

symptoms. Stem cell therapy also improves 6. Stephen K Van Den Eeden, Taner, Alan L
symptoms of PD. Current treatment showed Bl_lrnstem. et_al_. Incidence of Parkinson’s
only slowing down the progression of PD. g;i‘zasg'r \é?r:'n"’:tc'?[; meQ?Séntggriralag?
Heng:e further _precllnlcal apd clinical Epidemiology.2003:157(11):1015-1022.
studies are required to determine whethgr 7. Noyce A J, Bestwick J P, Silveira-
stem cell-based therapies can be useful in Moriyama L. et al. Meta-analysis of early
treating disorders. nonmotor features and risk factors for
Physical and occupational therapy parkinson’s disease. Annals of
are not cure but care for PD. It increases Neurology.2012; 72(6):893-901.
patient’s strength, balance and may help to 8. Cortio, Lesage S, Brice A. What genetics
relieve pain. It also improves quality of life tells us about the causes and mechanism of
of patients. Recently coffee therapy has Parkinson’s disease. Physiological Reviews.
been developed to treat PD. Active 2011; 91(4):1161-1218.
compounds in coffee therapy have abilityto ’Ailvgs G, Wt_antzelf-Larsen T, Aarsland [')o'\ e(;
penetrate BBB but there is a need of further 3.' rogression of motor impairment An
e . isability in Parkinson’s Disease: A
research to find its effectiveness. A recent population based study
study suggest that a chemical compound Neurology.2005:65(9):1436-41. '
derived from dogfish shark is may be useful 10. Khoo T K, Yarnall A J, Duncan G W. et al.
to treat PD, but still it is necessary to The spectrum of non-motor symptoms in
continued research on Shark therapy. Early Parkinson’s Disease. Journal of
We have found that there is no Neurology. 2013;80(3):276-281.
proper cure for PD. Hence there is a need of ~ 11. Martinez-Martin P, Rodriguez-Blazquez C,
more research to develop a permanent Kurtis N M. et al. The ImpaCt Of nonmotor
therapy for PD. symptoms on health-related quality of life of
patients with Parkinson’s Disease. Journal
of movement disorder. 2011; 26(3):399-406.
ACKNOWLEDGEMENT . 12. Harishankar Prasad Yadav and Li Y. The
. We would “k_e to exp.ress our sincere development of Treatment for Parkinson’s
gratitude tO_ our advisor ASS'S_tant Prc?fessor disease: Advances In Parkinson’s Diseases.
Mr.  Akhil Kanekar for his continuous 2015:4:59-78.
support, patience, motivation and immense 13. John Gardner. A history of deep brain
knowledge. His guidance helped us in all stimulation: Technological innovation and
the time of writing this review article. the role of clinical assessment tools.
2013;43(5):707-728.
REFERENCES 14. Laurie Pycroft, John Stein, Tipu Aziz. Deep
1. Christopher G Goetz. The History of brain stimulation: An overview of history,
Parkinson’s  disease:  Early  Clinical methods, and future developments. Brain
Description and Neurological Therapies. and Neuroscience Advances.2018; 2:1-6.
Cold Spring Harbor Perspectives in 15. Jonh Y Fang and Christopher Tolleson. The
Medicine.2011; 1(1):a008862. role of deep brain stimulation in Parkinson’s
2. Postuma R B, Aarsland D, Barone P. et al. disease: an overview and update on new
Identifying prodromal Parkinson’s disease: developments  Neuropsychiatric ~ Disease
Pre-motor disorders in Parkinson’s disease. Treatment. 2017; 13:723-732.
Movement disorders. 2012; 27(5):617-626. 16. Deuschl G, Schade-Brittinger C, Krack P. et
3. K D Tripathi. Essentials of Medical al. A randomized trial of deep brain
Pharmacology. 8th edition. 452-453. stimulation for parkinson’s disease. N Engl
4. Kalia L V, Lang A E. Parkinson’s disease. J Med. 2006; 355(9):896-908.
Lancet. 2015; 386(9996):896-912. 17. Wiliams A, Gill S, Varma. et al. Deep brain
5. Gibb W R, Lees A J. The relevance of the stimulation plus best medica therapy versus
Lewy body to the pathogenesis of idiopathic best medical therapy alone for advanced
Parkinson’s disease (PD SURG trial): a
International Journal of Research and Review (ijrrjournal.com) 392

Vol.7; Issue: 12; December 2020



18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Tanvi Dasharath Choukekar et.al. Parkinson’s disease: an overview of various treatments

randomized, open-label trial. Lancet Neurol.
2010; 9(6):581-591.

Raja Mehanna, Hubert H Fernandez. et al.
Deep Brain Stimulation in Parkinson’s
disease. Hindawi Parkinson’s disease. 2018.
Benjamin L Walter, Jerrold L Vitek.
Surgical treatment for parkinson’s diseases.
The Lancet Neurology. 2004; 3(12); 719-
728.

Kathleen M Shannon. Surgical treatment or
Parkinson’s disease. Parkinson’s disease
and Movement Disorders. 2000;185-196.
Laitinen L V, Bergenheim A T, Hariz M 1.
Leksell’s posteroventral pallidotomy in the
treatment of Parkinson’s Disease. J
Neurosurg. 1992; 76(1):53-61.

Kristian J Bulluss, Erlick A Pereira, Tipu Z.
et al. Pallidotomy after chronic deep
stimulation. Neurosurg Focus. 2013; 35
(5):E5.

A Alkhani, A M Lozano. Pallidotomy for
Parkinson’s Disease: A Review of
Contemporary Literature. Neurosurg. 200;
94(1)43-49.

Bronstein, Mahlon R. et al. Stereotactic
Pallidotomy in the treatment of Parkinson’s
Disease. Arch Neurol. 1999; 56(9):1064-
1069.

Williams N R, Foote K D, Okun M S. STN
vs GPi deep brain stimulation: translating
the rematch into clinical practice. Movment
Disorder Clinical Practice.2014;1(1):24-35.
Kishore A, Turnbull 1 M, Snow B J. et al.
Efficacy, stability and predictors of outcome
of pallidotomy for Parkinson’s Disease. Six
month follow-up with additional 1-year
observations. Brain. 1997; 120(5):729-737.
Lozano A M, Lang A E, Miyasaki J. et al.
Effect of GPi pallidotomy on motor function
in Parkinson’s disease. Lancet. 1995;
346(8987):1383-1387.

Ondo W G, Jankovic J, E C Lai. et al.
Assessment of motor function after
stereotactic pallidotomy. Neurology. 1998;
50 (1):266-270.

Uitti R J, Wharen R E Jr, Turk M F. et al.
Unilateral pallidotomy for Parkinson’s
disease: comparison of outcome in younger
verses elderly patients. Neurology. 1997;
49(4):1072-1077.

Alvarez L, Macias R, Lopez G. et al
Bilateral subthalamotomy in Parkinson’s

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Kumar, Lazano, Sime. et al. Comparative
effects of unilateral an bilateral subthalamic
nucleus DBS. Neurology. 1999;53(3):561-
566.

Krack P, Pollak P, Limousin P. et al.
Subthalamic nucleus or internal pallidal
stimulation in young onset Parkinson’s
disease. Brain. 1998; 121(3):451-457.
Volkmann J, Allert N, VVoges J. et al. Safety
and efficacy of pallidal or subthalamic
nucleus stimulation in advanced PD.
Neurology. 2001; 56 (4):548-551.

Thobois S, Mertens P, Guenot M. et al.
Subthalamic ~ nucleus  stimulation in
Parkinson’s disease: clinical evaluation of
18 patients. J Neurol.2002;249(5):529-534.
Dujardin K, Defebvre L, Krystkowiak P. et
al. Influence of chronic bilateral stimulation
of the subthalamic nucleus on cognitive
function in Parkinson’s disease. Journal
Neurology. 2001; 248(7):603-611.

Berney A, Vingerhoets F, Perrin A. et al.
Effect on mood of sub-thalamic DBS for
Parkinson’s disease: a consecutive series of
24 patients. Neurology.2002; 59(9):1427-
1429.

Yu H, Hedera P, Fang J. et al. Confined
stimulation using dual thalamic deep brain
stimulation leads rescues refractory essential
tremor: report of three cases. Stereotactic
and Functional Neurosurg. 2009; 87(5):309-
313.

Hariz MI, Krack P, Alesch F. et al.
Multicentre European study of thalamic
stimulation for parkinsonian tremor: 6 year
follow up. Neurol Neurosurg Psychiatry.
2008; 79(6):694-699.

Keizo Matsumoto, Fukami, Fumio Shichijo.
et al. Long-term follow up review of cases
of Parkinson’s disease after unilateral or
bilateral ~ thalamotomy.  Journal of
Neurosurgery. 1984; 60(5):1033-1044.

Y. Chao, L. Gang, Z.L. Na. et al. Surgical
Management of Parkinson’s disease: Update
and Review. International Neuroradiology.
2007;13(4):359-368.

D J Pedrosa and L Timmermann. Review
management of Parkinson’s  disease.
Neuropsychiatric Disease and Treatment.
2013; 9:321-340.

R Mehanna and E Lai.
stimulation  in

Deep brain
Parkinson’s  disease.

disease: initial and long-term response. Translational Neurodegeneration. 2013;
Brain. 2005; 128(3):570-583. 2(1):22.
International Journal of Research and Review (ijrrjournal.com) 393

Vol.7; Issue: 12; December 2020



43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Tanvi Dasharath Choukekar et.al. Parkinson’s disease: an overview of various treatments

Yadav, H P and Li,Y. The development of
Treatment for Parkinson's Disease. advances
in Parkinson's Disease. 2015;4(3):59-78.
Tobias M Axelsen. David P D Woldbye.
Gene therapy for Parkinson’s disease: An
update. J Parkinsons Dis. 2018; 8(2):195-
215.

Eoghan J. Mulholland. Parkinson’s Disease:
Is Gene Therapy the Answer We Have Been
Looking For? American Society of Gene +
Cell Therapy. 2020.

Christine C W, Starr P A, Larsson P S. et al.
Safety and Tolerability of Putaminal AADC
Gene Therapy for Parkinson’s Disease.
Neurology. 2009;73(20):1662-1669.

Rachel Denyer, Michael R. Douglas. Gene
Therapy for Parkinson’s disease. Hindawi
Parkinson’s Disease. 2012;2012.

Yin H, Kanasty R L, Eltoukhy A A. et al.
Non-Viral Vectors for Gene-Based Therapy.
Nature Reviews Genetics. 2014; 15(8):541-
555.

Huang P I, Lo W L, Cherng J Y. et al. Non-
Viral Delivery of RNA Interference
Targeting Cancer Cells in cancer Gene
Therapy. Current Gene Therapy. 2012; 12
(4):275-284.

Asadi-Moghaddam K and Chiocca E A.
Gene and Viral-Based Therapies for Brain
Tumours.  Neurotherapeutics. 2009;6(3):
547-557.

Coune P G, Schneider B L and Aebischer P.
Parkinson's Disease: Gene Therapies. Cold
Spring Harbor Perspectives in Medicine.
2012; 2(4):a009431.

R J Mandel, C Burger, and R O Snyder.
Viral vectors for in vivo gene transfer in
Parkinson's disease: properties and clinical
grade production. Experimental Neurology.
2008;209(1):58-71

D L Choi-Lundberg, Q Lin, Y N Chang. et
al. Dopaminergic neurons protected from
degeneration by GDNF gene therapy.
Science. 1997; 275(5301):838-841.

G Schiedner, N Morral, R J Parks. et al.
Genomic DNA transfer with a high-capacity
adenovirus vector results in improved in
vivo gene expression and decreased toxicity.
Nature Genetics. 1998; 18(2):180-183.

B C Schnepp, K R Clark, D L Klemanski. et
al. Genetic fate of recombinant adeno-
associated virus vector genomes in muscles.
Journal of Virology. 2003; 77(6):3495-
3504.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

H B Dodiya, T Bjorklund, R J Mandel. et al.
Differential Transduction Following Basal
Ganglia  Administration  of  Distinct
Pseudotyped AAV Capsid Serotypes In
Nonhuman Primates. Molecular Therapy.
2010;18 (3):579-587.

Y Q Xue, BF Ma, L R Zhao. et al. AAV9-
mediated erythropoietin gene delivery into
the brain protects nigral dopaminergic
neurons in a rat model of Parkinson's
disease. Gene Therapy. 2010; 17(1):83-94.
E Vigna and L Naldini. Lentiviral vectors:
excellent tools for experimental gene
transfer and promising candidates for
genetherapy. Journal of Gene Medicine.
2000; 2(5):308-316.

Rachel Denyer and Michael R. Douglas.
Gene Therapy for Parkinson's Disease.
Parkinson's disease. 2012; 2012:757305.

D J Fink and J C Glorioso. Engineering
herpes simplex virus vectors for gene
transfer to neurons. Nature Medicine. 1997;
3(30):357-359.

Ruwani Wijeyekoon, Roger A Barker. Cell
replacement therapy for Parkinson’sDisease.
Biochimica et Biophysica Acta (BBA)
Molecular Basis of Disease.2009; 1992
(7):688-702.

Elena Rusu, Laura Georgiana Necula, Ana
lulia Neagu. et al. Current Status of Stem
Cell Therapy: opportunities and limitations.
Turkish ~ Journal  of  Biology.2016;
40(5):955-967.

M Wernig, J P Zhao, J Pruszakt. et al.
Neurons derived from reprogrammed
fibroblasts functionally integrate into the
fetal brain and improve symptoms of rates
with Parkinson’s disease. Proceedings of the
National Academy of Sciences. 2008; 105
(15):5856-5861.

Jesse K Biehl, B S, Brenda Russella.
Introduction to stem cell therapy. The
Journal of Cardiovascular Nursing. 2009;
24(2):98-103.

Agatha Oliveira, Peter llles, Henning
Ulrich. Purinergic receptors in embryonic
and adult neurogenesis.
Neuropharmacology. 2015;104:272-281.
Kawasaki H, Mizuseki K, Nishikawa S. et
al. Induction of midbrain dopaminergic
neurons from ES cells by stromal cell-
derived inducing activity. Neuron. 2000;
28(1):31-40.

Perrier A L, Tabar V, Barberi T. et al.
Derivation of midbrain dopamine neurons

International Journal of Research and Review (ijrrjournal.com)

394

Vol.7; Issue: 12; December 2020



68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

Tanvi Dasharath Choukekar et.al. Parkinson’s disease: an overview of various treatments

from human embryonic stem cell.
Proceeding of National Academy of
Scienses.2004; 101(34):12543-12548.
Martin G R. Isolation of a pluripotent cell
line from early mouse embryos cultured in
medium conditioned by teratocinoma stem
cells. Proceedings of the National Academy
of Sciences. 1981;78(12):7634-7638.
Dunett S B, Bjorklund A, Lindvall Olle.
Cell therapy in Parkinson’s disease- Stops
go? Nat Rev Neurosci. 2001;2(5):365-369.
Politis M, Oertel W H, Wu K. et al. Graft-
induced dyskinesias in Parkinson’s disease:
High striatal serotonin/dopamine transporter
ratio. MovDisord. 2011; 26(11):1997-2003.
L M Bjorklund, R Sanchez-pernaute, S
Chung. et al. Embryonic stem cells develop
into functional dopaminergic neurons after
transplantation in a Parkinson rat model.
Proceeding of the National Academy of
Sciences. 2002; 99(4):2344-2349.

J Nussbaum, E Minami, M A Laflamme.
Transplantation of undifferentiated murine
embryonic stem cells in the heart: teratoma
formation and immune response. FASEB
Journal. 2007;21(7):1345-1357.

V Tabar, M Tomishima, G Panagiotakos. et
al. Therapeutic cloning in individual
Parkinsonian mice. Nature Medicine. 2008;
14(4): 379-381.

S | Wilson, T Edlund. Neural induction:
toward a unifying mechanism. Nature
Neuroscience. 2001;4(11):1161-1168.

T Ben-Hur, M Idelson, H Khaner. et al.
Transplantation of human embryonic stem
cell-derived neural progenitors improves
behavioral deficit in Parkinsonian rats, Stem
cells. Stem Cells. 2004;22(7):1246-1255.

L. Gerrard, L. Rodgers, W. Cui.
Diferentiation of human embryonic stem
cells to neural lineages in adherent culture
by blocking bone morphogenetic protein
signaling. Stem cells. 2005; 23(9):1234-
1241.

L lacovitti, A E Donaldson, C E Marshall.
et al. A protocol for the differentiation of
human embryonic stem cells into
dopaminergic  neurons  using  only
chemically defined human additives: studies
in vitro and in vivo. Brain Research.2007;
1127(1):19-25.

J A Thomson, J Itskovitz Eldor, J M Jones.
et al. Embryonic stem cell lines derived
from human blastocytes. Science. 1998; 282
(5391):1145-1147.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

C R Towns. The science and ethics of cell
based therapies for Parkinson’s disease.
Parkinsonism and Related disorders. 2017,
34:1-6.

S C Town, D G Jones. Stem cells, embryos
and the environment: a context for both
science and ethics. Journal of Medical
Ethics. 2004; 30(4):410-413.

Sukoyan M A, Vatolin S Y, Alevtinan
Golubitsa et al. Embryonic stem cells
derived From morulae, inner cell mass and
blastocyts of mink: comparisons of their
pluripotencies. Molecular reproduction and
development. 1993;36(2):148-158.

J Kim, J M Auerbach, D Gavin. et.al.
Dopamine neurons derived from embryonic
stem cells function in an animal model of
Parkinson’s disease. Nature. 2002; 418
(6893):50-56.

Stuckey D W, Shah K. Stem cell-based
therapies for cancer treatment: separating
hope from hype. Nature Reviews Cancer.
2014;14(10):683-691.

Vodyanik, Smuga-Otto, Tian. et al. Induced
Pluripotent stem cell lines derived from
human somatic cells. Science. 2007; 318
(5858):1917-1920.

K Takahashi, K Tanabe, K Tomoda. et al.
Induction of pluripotent stem cells from
adult human fibroblasts by defined factors.
Cell. 2007; 13(5):861-872.

Krishanu Saha, Rudolf Jaenisch. Technical
Challenges in Using human induced
pluripotent stem cell to model disease.
2009; 5(6):584-595.

Lowry, Richter, Yachechko. et al.
Generation of human induced pluripotent
stem cell from dermal fibroblasts.
Proceeding of National Academy of
Sciences.2008; 105(8):2883-2888.
Park, Maherali, Cowan. et al.
specific induced pluripotent

Cell.134. 2008; 134(5):877-886.

K Takahashi, Yamanaka. Induction of
pluripotent stem cells from mouse
embryonic and adult fibroblast cultures (by
defined factors. Cell. 2006; 126(4):663-676.
M Nakagawa, M Koyanagi, K Takahashi. et
al. Generation of induced pluripotent stem
cells without Myc from mouse and human
fibroblasts. Nature Biotechnology. 2008;
26(1):101-106.

W Zhou, C R Freed. Adenoviral gene
delivery can reprogram human fibroblasts to

Disease-
stemcell.

International Journal of Research and Review (ijrrjournal.com)

395

Vol.7; Issue: 12; December 2020



Tanvi Dasharath Choukekar et.al. Parkinson’s disease: an overview of various treatments

induced pluripotent stem cells. Stem Cells.
2009; 27(11):2667-2674.

92. N Fusaki, H Ban, A Nishiyama. et al.
Efficient induction of transgene-free human
pluripotent stem cell using a vector based on
Sendai virus, an RNA virus that does not
integrate into the host genome. Proceedings
of the Japan Academy, Series B, Physical
and Biological Sciences. 2009;85(8):348-
362.

93. V Chichagova, L Armstrong, Sanchez-
Veral. Generation of human induced
pluripotent stem cells using RNA-based
Sendai virus system and pluripotency
validation of the resulting cell population.
Methods Mol Biol 1353; 2016; 285-307.

94. A Fontes, C C Macarthur, P T Lieu. et al.
Generation of human-induced pluripotent
stem cells (hiPSCs) using episomal vectors
on defined essential 8TM  medium
conditions. Methods Mol Biol. 2013;
997:57-72.

95. K Okita, M Nakagawa, Hyen Jong Hong. et
al. Generation of mouse induced pluripotent
stem cells without viral vectors. Science.
2008;322(5903):949-953.

96. K Kaji, K Norrby, A Paca. et al. Virus free
induction of pluripotency and subsequent
excision of reprogramming factors. Nature.
2009;458(7239):771-775.

97. L Warren, P D Manos, T Ahfeldt. et al.
Highly  efficient  reprogramming to
pluripotency and directed differentiation of
human cells with synthetic modified
mRNA. Cell Stem Cell. 2010;7(5):618-630.

98. D Kim, C H Kim, E Yang. et al. Generation
of human induced pluripotent stem cells by
direct delivery of reprogramming proteins.
Cell Stem Cell. 2009;4(6):472-476.

99. Phil Hyu Lee, Hyun Jung Park. Bone
marrow-derived mesenchymal stem cell
therapy as a candidate disease-modifying
strategy in Parkinson’s disease and multiple
system atrophy. Journal of Clinical
Neurology. 2009;5(1):1-10.

100.  Pittenger M F, Mackay A M, Beck S C.
et al. Multilineage potential of adult human
mesenchymal  stem  cells.  Science.
1999;284(5411):143-147.

101. P Bianco, M Riminucci, S Gronthos. et
al. Bone marrow stromal stem cells:nature,
biology, and potential applications. Stem
Cells. 2001; 19(3):180-192.

cells derived from adult marrow. Nature.
2002; 418(6893):41-49.

103. S Kim, O Honmou, K Kato. et al.
Neural differentiation potential of peripheral
blood and bone-marrow-derived precursor
cells, Brain Research. 2006;1123(1):27-33.

104. D Woodbury , E J Schwarz, D J
Prockop. et al. Adult rat and human
bonemarrow stromal cells differentiate into
neurons. Journal of Neuroscience Research.
2000;6(4):364-370.

105. R D Wyse, G L Dunbar, J Rossignol.
Use of genetically modified mesenchymal
stem cells to treat neurodegenerative
disease. 2014;15(2):1719-1745.

106. M Dezawa, H Kanno, M Hoshino. et al.
Specific induction of neural cells from bone
marrow stromal cells and application for
autologous transplantation. Journal of
Clinical Investigation. 2004;113(12):1701-
1710.

107.  Jinlian Hua, Pubin Qiu, Haijing Zhu. et
al. Multipotent mesenchymal stem cells
(MSCs) from human umbilical cord:
Potential differentiation of germ cells.
African Journal of Biochemistry Research.
2011;5(4):113-123.

108. J J Minguell, A Erices, P Conget.
Mesenchymal stem cells. Experimental
Biologyand Medicine (Maywood).
2001;226(6):507-520.

109. M Krampera, A Pasini, G Pizzolo. et al.
Regenerative  and  immunomodulatory
potential of mesenchymal stem cells.
Current Opinion in Pharmacology. 2006;
6(4):435-441.

110. A J Nautay, W E  Fibbe.
Immunomodulatory properties of stromal
cells. Blood, The Journal of the American
Society of Hematology. 2007;110(10):3499-
3506.

111. Wang S, Qu X, Zhao R C.
Mesenchymal stem cell hold promise for
regenerative  medicine.  Frontiers  of
Medicine. 2011;5(4):372-378.

112.  Wang Y, Zhi-bo Han, Han Z C. et al.
Safety of mesenchymal stem cells for
clinical application. Stem Cells
International. 2012;2012.

113.  Gugliandono A, Bramanti P, Mazzon E.
Mesenchymal stem cells: A potential
approach  for ~ Amyotrophic  Lateral
Sclerosis?  Stem  cells  International.

102. Y Jiang, B N Jahagirdar, R | Reinhardt. 2019;20109.
et al. Pluripotency of mesenchymal stem
International Journal of Research and Review (ijrrjournal.com) 396

Vol.7; Issue: 12; December 2020



Tanvi Dasharath Choukekar et.al. Parkinson’s disease: an overview of various treatments

114.  Hunot S, Dugas N, Faucheux B. et al.
FceRII/CD23 is expressed in Parkinson’s
disease And induces, in vitro, production of
nitric oxide and tumor necrosis factor-alpha
in glial cells. Journal of Neuroscience
1999;19(9):3440-3447.

115. A J Wagers, R | Sherwood, J L
Christensen. et al. Little evidence for
developmental plasticity  of  adult
hematopoietic stem cells. Science. 2002;
297(5590):2256-2259.

116. Pramod Kerkar, FFARCSI, M.D., DA,
Can Physical therapy help Parkinson’s
disease.

117. Danique LM Radder, Ingrid H
Sturkenboom, Marlies van Nimwegen. et
al.Physical therapy and occupational
therapy in Parkinson’s disease. International
Journal of Neuroscience. 2017;127(10):930-
943.

118. Alessandro Oliveria de Carvalho,
Alberto Souza Sa Filho, Sergio Machado. et
al. Physical Exercise for Parkinson’s
disease:  Clinical and  Experimental
Evidence. Clinical Practice and
Epidemiology in Meantal Health. 2018;
14:89-98.

119.  Augusto Garcia-Agundez, Ann-Kristin
Folkerts, Elke Kalbe. et al. Recent advances
in rehabilitation for Parkinson’s disease
with Exergaames: A Systemic Review.
Journal of  NeuroEngineering  and
Rehabilitation. 2019;16(1):17.

120. Meg E Morris, Clarissa L Martin,
Margaret L Schenkman. Striding Out With

Parkinson’s  Disease:  Evidence-Based
Physical Therapy for Gait
Disorders.Physical Therapy, Journal of the
American Physical Therapy

Association.2010;90(2):280-288.

121. Samyra HJ Keus, Bastiaan R Bloem,
Marten Munneke. et al. Evidence-based
analysis of physical therapy in Parkinson’s
disease with recommendations for practice
and research. Movement Disorders 2007;
22(4):451-460.

122. R Marchese, M Diverio, F Zucchi. et al.
The role of sensory cues in the rehabilitation
of parkinsonian patients: a comparision of
two physical therapy protocols. Movement
Disorders. 2000; 15(5):879-883.

123. 'V Muller, Mohr B, R Rosin. et al.
Short-term effects of behavioral treatment
on movement initiation and postural control
in Parkinson’s disease: a controlled clinical

study. Movement Disorders. 1997; 12(3):
306-314.

124. A Nieuwboer, W De Weerdt, R Dom. et
al. The effect of a home physiotherapy
program for persons with Parkinson’s
disease. Journal of Rehabilitation Medicine.
2001; 33(6):266-272.

125. ™M H Thaut, G C Mclintosh. Music
therapy in mobility training with the elderly:
a review of current research. Care
Management Journals. 1999; 1(1):71-74.

126. G N Lewis, W D Byblow, S E Walt.
Stride length regulation in Parkinson’s
disease: the use of extrinsic, visual cues.
Brain. 2000; 123(10):2077-2090.

127. M A Dietz, C G Goetz, G T Stebbins.
Evaluation of a modified inverted walking
stick As a treatment for parkinsonian
freezing episodes. Movement Disorders.
1990;5(3):243-247.

128. M E Morris, R lansek, T A Matyas. et
al. Stride length regulation in Parkinson’s
Disease: Normalization strategies and
underlying mechanisms. Brain 1996; 119
(2):551-568.

129.  C Pacchetti, F Mancini, R Aglieri. et al.
Active music therapy in Parkinson’s
disease: an integrative method for motor and
emotional rehabilitation. Psychosomatic
Medicine. 2000; 62(3):386-393.

130. T C Rubinstein, N Giladi, J M
Hausdorff. The power of cueing to
circumvent dopamine deficits: a review of
physical therapy treatment of gait
disturbances in  Parkinson’s  disease.
Movement Disorders. 2002; 17(6):1148-
1160.

131. Cynthia Fox, Georg Ebersbach,
Lorraine Ramig. et al. LSVT LOUD and
LSVT BIG: Behavioral Treatment Programs
for Speech and Body Movement in
Parkinson’s Disease. Parkinson’s Disease.
2012;2012.

132. Asmare Yitayeh, Amare Teshome. The
effectiveness of physiotherapy treatment on
balance dysfunction and postural instability
in persons with Parkinson’s disease: a
systemic review and meta-analysis. BMC
Sports, Science, Medicine and
Rehabilitation. 2016; 8:17.

133. A Ashburn, L Fazakarley, C Ballinger.
et al. A randomized controlled trial of a
home based exercise programme to reduce
the risk of falling among people with
Parkinson’s disease. Journal of Neurology,

International Journal of Research and Review (ijrrjournal.com) 397
Vol.7; Issue: 12; December 2020



Tanvi Dasharath Choukekar et.al. Parkinson’s disease: an overview of various treatments

Neurosurgery and Psychiatry. 2007; 78 (7):
678-684.
134. Lauciana  Auxiliadora de Paula

Vasconcelos. Parkinson’s disease
Rehabilitation: Effectiveness Approaches
and New Perspectives. Phycical Therapy

Effectiveness. 2019.

135.  Tickle-Degnen L, Ellis T, Saint-Hillarie
MH. et al.. Self-management rehabilitation
and health-related quality of life in
Parkinson’s  disease: a  randomized
controlled trial. Movement Disorders. 2010;
25(2):194-204.

136. Michele Franciotta, Roberto Maestri,
Paola Ortell. et al. Occupational Therapy for
Parkinson’s Patients: A Retrospective
Study. Parkinson’s Disease. 2019;2019.

137.  Erin R Foster, Mayuri Bedekar, Linda
Tickle-Degnen. Systematic Review of the
Effectiveness of Occupational Therapy-
Related Intervantions for People with
Parkinson’s Disease. American Journal of
Occupational Therapy. 2014; 68(1):39-49.

138. Ana Aragon and Jill  Kings.
Occupational therapy for people with
Parkinson’s. 2018.

139. Deane KHO, Ellis-Hill C, Dekker K. et
al. A Delphi survey of best practice
occupational therapy for Parkinson’s disease
in the United Kingdom. British Journal of
Occupational Therapy. 2003;66(6):247-254.

140. Jelka Jansa and Ana Aragon. Living
with Parkinson’s and the Emerging Role of
Occupational Therapy. Parkinson’s Disease.
2015;2015.

141.  Laura Panjwani. Steroid from Dogfish
Shark has potential as Parkinson’s disease
treatment. Proceeding of the National
Academy of Sciences. 2017.

142.  Laurie Toich. Shark-Derived
Compound May Treat Parkinson’s Disease.
Proceeding of the National Academy of
Sciences. 2017.

143.  Almaz Ohene. Steroid in shark livers
could hold key to Parkinson’s treatment.
2017.

144.  Lingjia Xu, Jiali Pu. Alpha-Synuclein in
Parkinson’s disease: from pathogenetic
dysfunction to potential clinical application.
Parkinson’s Disease. 2019; 2016.

145. Robert A Hauser, Selim R Benbadis.
What is the role of alpha-synuclein in the
pathogenesis of Parkinson’s disease? 2019.

146.  Lidiko  Miklya, Noemi  Penpcz,
Florencia Hafenscher. et al. The role of

alpha-synuclein in Parkinson’s disease.
Neuropsychopharmacologia Hungarica: a
Magyar Pszichofarmakologiai Egyesulet
lapja. 2014; 16(2):77-84.

147.  Perni M, Galvagnion C, Maltsev A. et
al. A natural product inhibits the initiation
of A4-synuclein aggregation and suppresses
its toxicity. Proceeding of Natural Academy
of Sciences. 2017;114(6):1009-1017.

148. T J van Ham, Karen L Thijssen, Rainer
Breitling. et al. C. elegans model identifies
genetic modifiers of alpha-synuclein
inclusion formation during aging. PLOS
Genetics. 2008; 4(3):1000027.

149. T J van Ham, Mats A Holmberg,
Annemieke T wvan der Goot. et al.
Identification of MOAG-4/SERF as a
regulator of age-related proteotoxicity. Cell.
2010; 142(4):601-612.

150. Tran A, Zhang CY, Cao C. The Role of
coffee in the Therapy of Parkinson's
Disease. Journal of Alzheimer's Disease and
Parkinsonism. 2015;5(3).

151. Moon Jk, Shibamoto T. Role of
Roasting Conditions in the Profile of
Volatile Flavour Chemicals Formed from
Coffee Beans. Journal of Agriculture and
food Chemistry. 2009; 57(13):5823-5831.

152. Fenu S, Morelli M. Motor stimulant
effects of caffeine in 6-hydroxy dopamine-
lesioned rats are dependent on previous
stimulation of dopamine receptors: a
different role of D1 and D2 receptors.
European  Journal of  Neuroscience.
2001;10(5):1878-1884.

153. Kuwana Y, shiozaki S, Kanda T. et al.
Antiparkinsonian activity of adenosine A2A
antagonists  in  experimental  models.
Advances in Neurology. 1999;80:121-123.

154. Fall P A, Fredrikson M, Axelson O,
Nutritional and  occupational factors
influencing the risk of Parkinson's disease: a
case-control study in southeastern Sweden.
Movement Disorders. 1999;14(1):28-37.

155. Knekt P, Rissanen H , Laaksonen M A.

et al. Prospective study of coffee
consumption and risk of Parkinson's
disease. European Journal of Clinical

nutrition. 2008;62(7): 908-915.

156. Schwarz EJ, Alexander GM, Prockop
DJ. et al. Multipotential marrow stromal
cells transduced to produced L-DOPA:
engraftment in a rat model of Parkinson
disease. Human Gene Therapy. 1999; 10
(15):2539-2549.

International Journal of Research and Review (ijrrjournal.com) 398
Vol.7; Issue: 12; December 2020



Tanvi Dasharath Choukekar et.al. Parkinson’s disease: an overview of various treatments

157. Kot M, Daniel W A. Caffeine as a
market substrate for testing cytochrome
P450 activity in  human and rat.
Pharmacological Reports. 2008; 60(6):789-
797.

158.  Tassaneeyakul W, Birkett D J,
McManus M E. et al. Caffeine metabolism
by human hepatic cytochrome P450:
contributions of 1A2, 2E1 and 3A isoforms.
Biochemical Pharmacology. 1994; 47(10):
1767-1776.

159. Brooks D J. Optimizing levodopa
therapy for Parkinson's disease with
levodopa/ carbidopa/ entacapone:

implications from a clinical and patient
perspective. Neuropsychiatric Disease and
Treatment. 2008; 4(1):39-47.

160. Cools AR, Van Rossum JM. Excitation
mediating and inhibition  mediating
dopamine receptors: a new concept towards

a better understanding of
electrophysiological, biochemical,
pharmacological, functional and clinical
data. Psychopharmacologia. 1976; 45 (3):
243-254.

161. Fuxe k, Manger P, Genedani S. et al.
The nigrostriatal DA pathway and
Parkinson's disease. Journal of Neural
Transmission Supplementum. 2006; 70
(70):71-83.

162. Kebabian JW, Calne DB. Multiple
receptors for dopamine. Nature. 1979; 277
(5692):93-96.

How to cite this article: Choukekar TD, Mestry
SL, Phondke AP et.al. Parkinson’s disease: an
overview of various treatments. International
Journal of Research and Review. 2020; 7(12):
383-399.

*kkkhkk

International Journal of Research and Review (ijrrjournal.com) 399
Vol.7; Issue: 12; December 2020



