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ABSTRACT

Diagnostics and rehabilitation of Parkinson’s
disease (PD) presents the current information
pertaining to etiology, early biomarkers for di-
agnostics, novel methods to evaluate symp-
toms, multidisciplinary rehabilitation, new appli-
cations of brain imaging and invasive methods
to the study of PD. Researchers have only re-
cently begun to focus on the non-motor symp-
toms of PD, which are poorly recognized and
inadequately treated by clinicians. The non-
motor symptoms of PD have a significant impact
on patient quality of life and mortality, and in-
clude cognitive impairments, autonomic, gas-
trointestinal, and sensory symptoms. In-depth
discussion of the use of imaging tools to study
disease mechanisms is also provided, with em-
phasis on the abnormal network organization in
parkinsonism. Deep brain stimulation manage-
ment is a paradigm-shifting therapy for PD, es-
sential tremor and dystonia. In the recent years,
new approaches of early diagnostics, training
programmes and treatments have vastly im-
proved the lives of people with PD, substantially
reducing symptoms and significantly delaying
disability. PD results primarily from the death of
dopaminergic neurons in the substantia nigra.
Current PD medications treat symptoms; none

halt or retard dopaminergic neuron degeneration.

The main obstacle to developing neuroprotec-
tive therapies is a limited understanding of the
key molecular mechanisms that provoke neuro-
degeneration. The discovery of PD genes has
led to the hypothesis that misfolding of proteins
and dysfunction of the ubiquitin-proteasome
pathway are pivotal to PD pathogenesis. Previ-
ously implicated culprits in PD neurodegenera-
tion, mitochondrial dysfunction and oxidative
stress, may also act in part by causing the ac-
cumulation of misfolded proteins, in addition to
producing other deleterious events in dopami-
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nergic neurons. Neurotoxin-based models have
been important in elucidating the molecular cas-
cade of cell death in dopaminergic neurons. PD
models based on the manipulation of PD genes
should prove valuable in elucidating important
aspects of the disease, such as selective vul-
nerability of substantia nigra dopaminergic neu-
rons to the degenerative process.
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Rehabilitation; Models

1. INTRODUCTION

We have based this review on the philosophy that one
has control over how PD affects the life of a person who
will fight believing that through support and maximizing
personal strengths, life will continue to have meaning
and richness. The fighting begins in partnership with the
physicians with the understanding as much as possible
about PD, medications, and non-drug therapies so that a
person can be participate in the health-care decisions that
uniquely affect the self. A person who has PD does not
mean he will experience all possible symptoms. We have
designed this review in modules, each dealing with a
different aspect of PD and be selective in what topics is
pertinent to symptoms and health-care decisions.

The review first gives an introduction to “prediagnos-
tic” phase of PD or early markers for the diagnosis of PD
as non-motor symptoms such as mood disorders, olfac-
tory, vegetative, sensory or neuropsychological signs
may be noticed by the patients or physicians in advance
of motor signs reflecting the dysfunction of dopami-
nergic or non-dopaminergic neurons. It concentrates on
the novel methods to evaluate symptoms in PD and
focuses on multidisciplinary cognitive rehabilitation in
PD. The review deals with practical issues that are
critical for the invasive methods examined in patients
with PD and describe all aspects of both clinical as
pathophysiological and therapeutic concerning PD, as
well as an update on the innovative aspects of the disease
primarily focused on identifying new pathophysiological
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factors and new outlook therapeutics. The review spans
the experience of scientists from different fields and to
be useful also for clinicians who take health care for
people with PD and their families. It should appeal to a
multidisciplinary audience and help people cope with
medical, emotional, and practical challenges.

2. DIAGNOSTICS OF PARKINSON'’S
DISEASE

PD is a progressive neurologic disorder affecting 1 in
100 people over the age of 50. Typically the diagnosis is
made in the sixth or seventh decades of life, with
approximately 7% of people diagnosed before the age of
40. It has been well documented that PD is also charac-
terized by a long preclinical phase from the onset of
dopamine neuron loss to the onset of motor symptoms.
In the recent years light was thrown on non-motor symp-
toms such as autonomic dysfunction, pain and cognitive
decline. Approximately 10% of subjects older than 60
years are in the prediagnostic phase of PD and exhibit
the pathological hallmarks of PD, like Lewy bodies and
neuronal loss at the substantia nigra (SN), without
showing the motor signs during life time that allow the
diagnosis of PD. There is enough evidence to show that
cognitive deficits affect quality of life. Thus, there is an
urgent need to develop imaging modality to screen
individuals who may be in the preclinical phase of PD
for earlier diagnosis and treatment to slowdown or stop
progression of the disease. Parkinsonian symptoms such
as tremor, rigidity, akinesia, postural instability and facial
expression are perceived subjectively, and therefore under-
standing the degree of the symptoms varies depending on
the neurologist.

The neuroimaging examination could help to evaluate
PD subjects in the preclinical stage. Conventional MR
imaging, as well as different advanced MRI techniques,
including magnetic resonance spectroscopy, diffusion-
weighted and diffusion tensor imaging are helpful to
distinguish PD from atypical or secondary PD. The
secondary symptoms of PD may affect some but not all
people. These include changes in speech and swallowing,
bowel and bladder function, fatigue, mood and memory,
sexual function and sleep. Speech of patients with PD is
characterized as hypokinetic dysarthria, manifesting it-
self by low volume, diminished voice quality, flattened
prosody and deteriorated articulation. Patients with mild
cognitive deficits have a higher risk for developing de-
mentia. The interventions in early stages of cognitive
decline might slow down the progress of cognitive defi-
cits or even prevent the development of dementia. Brain
event-related oscillations are one of the promising can-
didates explaining the neural mechanisms at central ner-
vous system in Parkinson’s patients and give a useful
tool for detecting subtle abnormalities of the cognitive

Copyright © 2012 SciRes.

processes. The sustained yield of a multidisciplinary
training programme on cognitive function of PD patients
with mild cognitive deficits is to support patients to
manage their daily life better and to become more self-
confident. When symptoms first appear, they are very
mild and sometimes intermittent. As the disease pro-
gresses the symptoms become more pronounced and more
persistent. The primary symptoms of PD are tremor,
rigidity, bradykinesia (slowness), and impaired balance
but not all symptoms need to be present to make the
diagnosis. Tremor is most prominent when a person is
sitting quietly and improves or disappears when the
person is using their arms or legs. That is why Parkinson
tremor is described as a resting tremor. Rigidity is stiff-
ness of muscles. As the disease progresses, the stiffness
is perceived as a cramp or tired, aching muscles. This
rigidity is associated with the flexion posture charac-
teristic of PD. Rigidity responds well to a combination of
medications and a vigorous stretching program. Brady-
kinesia means slowness of movement. Fine movements,
such as writing, becomes more clumsy. Another manifes-
tation of bradykinesia is loss of associated movements.
These are movements outside of one’s awareness: blink-
ing the eyes, facial expression, swallowing, swinging the
arms, and changes of posture. The overall appearance is
one of unusual stillness when a person is sitting quietly.
Bradykinesia also affects voluntary movement. Medica-
tion can be very helpful in improving bradykinesia. Im-
paired balance occurs because of a change in postural
reflexes. These are the reflexes that facilitate rapid
changes in the center of balance when walking or stand-
ing. A person will notice a feeling of unsteadiness and in
later stages of disease may have a tendency to list to one
side or the other and may even fall backwards or for-
wards. Medication is less helpful for balance problems
than for rigidity or bradykinesia. Physical therapy can be
very helpful in teaching safety maneuvers, balance exer-
cises, and providing consultation regarding ambulation
aids.

Parkinsonism is the loss of dopamine-producing cells
in an area of the brain stem called the substantia nigra.
These nerve cells project fibers to areas deep in the brain
called the basal ganglia. The function of the neuroche-
mical, dopamine, is to allow nerve impulses to run
smoothly along these fibers and transmit messages to
muscles of the body producing normal movement. When
the supply of dopamine is decreased by approximately
80% the symptoms of PD emerge. Over time the loss of
dopamine-producing cells continues and symptoms beco-
me more severe. The current debate is whether nerve cell
loss is something that has a genetic link occurring slowly
over time or happens suddenly after being exposed to a
toxic substance. It may be a combination of these two
theories. It has been suggested that some people are
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genetically predisposed to developing PD and therefore
more susceptible to the potential damage of a toxic
exposure.

PD progresses slowly. The rate of progression varies,
making it difficult to give patients and families definitive
information that can provide them the comfort of know-
ing what to expect and how to prepare for their future.
The studies that have attempted to describe the prognosis
of PD have been hard to interpret because drug therapy
treats the symptoms. Drug treatment, specifically levodo-
pa therapy, slows the onset of disability. Disability will
eventually occur and increase while on therapy but this is
usually because of the emergence of new symptoms that
do not respond to levodopa.

3. REHABILITATION OF PARKINSON'’S
DISEASE

People should consider how Parkinson’s symptoms
might alter performance and think of ways to modify
their work environment or their type of work. It is also
important to remember that current researches offer
tangible possibilities that could change the course of PD.
Gene therapy, surgical therapies, rehabilitation, and
drugs that delay progression hold great hope for chang-
ing the disability of PD. The training tasks are allocated
to different categories: concentration, strategy, improve-
ment of orientation, planning, use of mnemonic devices.
Impulse control, decision processes, listening training
and memory, and also a special programme with the aim
to learn motor sequences, dual tasking, orientation in a
room. The motor training helped patients to deal with
their cognitive problems; many patients are afraid of the
cognitive deficits and rather try to hide than to approach
the problems. Physical activity improves cognitive func-
tions especially executive functions which are important
for daily living. Sport is as well an activity to get the
partners involved. Social aspects are important for the
continuation of the training and as well important to
prevent depression. Depression and social isolation are
closely associated with cognitive decline. The new ICT
systems are able to evaluate the variation of symptoms
along whole the time the patient is wearing the sensors
and provide useful information to physicians in order to
allow them make decisions more accurate, more effi-
cient and quicker. Long-term multimodal exercise pro-
grams can improve both motor and cognitive impair-
ments in people with PD, which could have a broader
impact on quality of life than specific exercise inter-
ventions.

Predating the diagnosis of PD and identifying subjects
at risk will be one important goal for future research
aimed to postpone the onset of the disease by neuro-
protective therapy.

Copyright © 2012 SciRes.

4. BIOMARKERS FOR PRECLINICAL
DIAGNOSIS OF PD

Several procedures [1,2] have been proposed to iden-
tify subjects in early stages of PD as the saccadic eye
movements to investigate and quantify motor impair-
ments in PD, and a new vision-based nonintrusive eye
tracker as a possible tool for supporting the diagnosis of
PD in association with levodopa test. A more complex
relationship between brain iron changes and disease state
in PD has revealed different metabolic patterns and a
reduced capacity of the macromolecules in brain tissue to
exchange magnetization with the surrounding water
molecules was found in the substantia nigra pars com-
pacta, substantia nigra pars reticulate, red nucleus in PD
[3,4]. Diffusion Weighted Imaging and a statistical pa-
rametric mapping localized significant increases of dif-
fusivity in the region of both olfactory tracts in patients
with PD compared to healthy controls [5]. This observa-
tion is in line with the well-established clinical finding of
hyposmia in early PD [6]. Olfactory dysfunction may be
considered a reliable marker of PD [7]. Objective olfac-
tion tests are olfactory-evoked potentials or functional
magnetic resonance imaging (fMRI). These techniques
have been used to assess the severity of olfactory dys-
function and its correlation with cerebral changes in
studies carried out in early PD patients [7,8]. Effective
differential diagnosis of PD needs in informative indexes
that objectively reflect the functional state of the ex-
trapyramidal system [9]. Such informative diagnostic
indexes in PD are surface electromyograms (EMGs) and
brain evoked potentials [9,10]. The fractal analysis of
EMG is sensitive to neuromuscular status [11,12]. The
contingent negative variation is a sensitive indicator for
the objective evaluation of the severity of PD and to
quantify the efficacy of the therapy [13]. Deviations of
the auditorily and visual elicited brain oscillatory re-
sponses at specific frequencies in association with sen-
sorimotor and cognitive processes for the Parkinson’s
patients compared to healthy controls are a evidence for
disturbances in the temporal and regional integration of
these frequency components and the relationships be-
tween cortical and the basal ganglia circuits in parkin-
sonism [14-16]. [17-19] has been trying to introduce in
developing of MRI-based imaging biomarkers for early
detection of PD. The imaging method as pharmaco-
logical MRI [20-23] can detect functional deficiency of
the nigrostriatal system. The objectives of the [24-32] are
the use of neuroimaging such as magnetic resonance
spectroscopy (MRS), single-photon emission computed
tomography (SPECT), positron emission tomography
(PET), diffusion tensor imaging (DTI), and functional
MRI (fMRI) in manganese-induced Parkinsonism and
the assessment of the neural correlates of manganese-
induced memory impairment in response to a subclinical
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dysfunction of working memory network in welders with
chronic manganese exposure. [33-38] give a systematic
and exhaustive depiction of element levels (Cu, Fe, Zn,
Cr, Be, Cd, Cr, Hg, Se, Si, V, Mn, Cu, Co, Pb, Ni) in the
cerebrospinal fluid of PD patients and paired controls
and verify the influence on the results of number, age,
gender of the subjects and health conditions with regard
to clinical variables as duration and severity of the dis-
ease and pharmacological therapies. [39-42] consider the
underlying mechanisms of the subtle language impair-
ments in non-demented PD patients. Recently functional
imaging in PD patients has begun to add information to
the underlying nature of the language impairments in PD,
both comprehension and production deficits at the word,
sentence and discourse level.

5. NOVEL METHODS TO EVALUATE
SYMPTOMS IN PD

The novel methods for evaluation the symptoms in PD
deal with the sensing systems identifying rigidity or
spasticity and the nature of abnormal finger tapping in
PD and show Parkinsonian symptoms as a system error
in software of repetitive movement [43-45]. Among
Parkinsonian signs, speech impairment represent an im-
portant disabling symptom able to lead towards a signi-
ficant reduction of oral communication. The principal
methods for PD speech evaluation are reviewed in [46-
48] prior to the presentation of the use and relevance of
aerodynamic parameters for Parkinsonin dysarthria eva-
luation. The analytical method based on power-law tem-
poral auto-correlation of physical activity collected by an
actigraph device enables evaluation of the severity of
Parkinsonism with sufficient sensitivity and reliability,
and is useful for the evaluation of efficacy of therapy for
Parkinsonism [49-51]. Postural control while sitting with
or without arm raising and its association with risk of
falls in patients with PD was discussed in [52,53].

6. MULTIDISCIPLINARY COGNITIVE
REHABILITATION IN PD

A study on cognitive training in PD and compared
different types of cognitive training is discussed in [54-
57]. The studies assess the effect and sustained yield of a
multidisciplinary training programme on cognitive func-
tion of PD patients with mild cognitive deficits. [58-62]
propose modules known as systems for support the deci-
sion-making which allow doctors and clinicians be more
agile in the decision-making process improving the time
that they need and the quality of information that they
have. The researches explore the impact of impaired de-
cision making ability upon the driving performance of
people with PD [63-66]. The effectiveness of a long-term
multimodal exercise program based on the improvement
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of the functional capacity components in improving
clinical parameters, functional mobility and cognitive
function in people with PD was demonstrated in [67-71].
The research areas with respect to the development, im-
plementation and evaluation of telehealth applications
for speech therapy in dysarthric speakers with PD are
addressed in [72]. The relevant and the long-term effi-
ciency of a physiotherapy program in PD are demon-
strated in [73-75]. Normotensive therapy is a specific
rehabilitation to control of postures and it uses of a sup-
porting elastic expander while exercising and a traumatic
normalization of the tissues, and allow mobility to be
restored without any pain [76-79]. A sit-to-stand assis-
tance system is developed, and used to assist individuals
with PD who could or could not stand up without help
[80].

7. INVASIVE METHODS EXAMINED IN
PD PATIENTS

A review of the use of deep brain stimulation (DPS)
electrodes for externally controlled recording or stimula-
tion at the level of basal ganglia nuclei discussed the
physiological observations underlying the engagement of
structures affected by the electrical field around the elec-
trode in motor and sensory functions [81-84]. Based on
the information from the fused images of preoperative
MRI-postoperative computer tomography, it was empha-
sized that the documentation of the electrode position by
using mutual information technique after unilateral or
bilateral STN stimulation provides useful information for
the prediction of the surgical outcome [85-90]. Fusion-
image-based programming and reprogramming of the
stimulator parameters using the visual information of the
location of the electrode contacts propose to find the best
sites and the best stimulation parameters for the advanced
PD patients treated with deep brain stimulation of sub-
thalamic nucleus (STN-DBS). The electrical motor cortex
stimulation can improve axial symptom of PD, which is
difficult even with STN-DBS, and is less surgical in-
vasiveness than deep brain stimulation can make the
surgery safer for the patients with advanced age or sever
brain atrophy [91,92]. Other contribution in the PD re-
search deals with the rational arthroplasty surgery and
multidisciplinary approaches for the patients with PD
[93,94].

8. MODELS AND TREATMENTS OF PD

PD is characterized by a loss of dopaminergic neurons
from the substantia nigra pars compacta (SNc). The SNc
is part of the substantia nigra, which belongs to the group
of nuclei in the midbrain, called the basal ganglia. The
function of the basal ganglia requires signaling of both
excitatory and inhibitory neurotransmitters to balance the
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two main signaling pathways, the direct and indirect
pathways. These pathways remain balanced by the nigro-
striatal pathway or the dopaminergic projections from the
SNc to the striatum (caudate nucleus and putamen) with
a basal level of striatal dopaminergic DA integral for
proper function of the basal ganglia. A basal ganglia
structure performing neurotransmitter-mediated opera-
tions through somatotopically organized projections to
GABAergic medium spiny projection neurons (MSNs).
These striatal cells are innervated by excitatory gluta-
matergic fibers from cortex and thalamus, and modu-
latory dopaminergic fibers from the midbrain and trans-
mit neural information to the basal ganglia output struc-
tures. Neural transmission at the level of MSNs has been
associated with the regulation of voluntary movement
and cognitive functions. Knowledge of the new trans-
mitter mechanisms by which such interactions take place
can provide new insight into the basal ganglia physio-
pathology and new clues for therapy of severe motor
disorders such as PD. Thus in PD, the loss of dopamine
neurons causes the subsequent loss of striatal dopamine,
and the presentation of motor symptoms such as brady-
kinesia, akinesia, rigidity and postural instability. The
movement disorders are often associated with abnor-
malities in electrical activity within the substantia nigra
pars reticulata. Parkinson’s is a complex disorder involv-
ing alterations in brain chemistry, morphology and acti-
vity, and an enhanced understanding of the interdepend-
ence of these processes will increase our understanding
of this devastating disease.

Accordingly, current treatment of PD involves increas-
ing striatal dopamine content, by either direct replace-
ment or reduction of its breakdown. Unfortunately, these
treatments only provide symptomatic relief and the effi-
cacy is somewhat limited. For example, the current
“gold-standard” treatment for PD, L-DOPA, the precur-
sor to dopamine, only alleviates symptoms for 5 to 10
years before debilitating side effects such as dyskinesia
appears. The underlying pathogenesis of degenerating
DA neurons still remains unknown. Importantly for po-
tential PD therapeutics, the loss of neurons occurs slowly
over many years suggesting that there is a window of
opportunity within which a neuroprotective therapy could
be administered to slow or halt the progression of the
disease. However, to date, no neuroprotective therapies
are currently in clinical use. As such, new avenues of
research into the pathogenesis of PD and the discovery of
possible neuroprotective agents are critical.

Evidence from both clinical and experimental models
of PD have elucidated a number of mechanisms that are
attributed to the continuing loss of DA neurons such as
oxidative stress, mitochondrial dysfunction, and gluta-
mate excitotoxicity. More recently, inflammatory pro-
cesses, particularly the chronic activation of microglia,
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and blood brain barrier (BBB) dysfunction have gained
much attention for their potential role in the pathogenesis
of PD. There is evidence that oxidative stress participates
in the neurodegeneration. Neutrophils express a primary
alteration of nitric oxide release in PD patients, where
reactive oxygen species and oxidative stress parameters
are more probably related to the evolution of PD.
Peripheral markers of oxidative stress in red blood cells
of neurological patients could be a reflection of the brain
condition and suggests that oxygen free radicals are
partially responsible of the damage observed in PD
living patient. Other reports suggest that mitochondrial
dysfunction and impairment of the respiratory complexes
are associated with the neuronal loss. Substantial evi-
dence suggests diet, in particular iron intake, and envi-
ronmental risk factors such as pesticides and heavy
metals as causative of PD. However, how genetic and
environmental factors are related to the nutritional status
of PD patients is still unknown. Moreover, how the
nutritional status of PD patients might contribute to the
development of the disorder is not yet established. Dro-
sophila melanogaster is used as a valid model in PD re-
search to investigate the effect of paraquat and iron alone
or in combination and polyphenols upon two different
glucose feeding regimens on the life span and locomotor
activity of the fly. The concept of oxidative stress is de-
fined as an imbalance with increased oxidants or de-
creased antioxidants. The situations of oxidative stress,
evaluated by the peripheral markers of oxidative stress in
the blood of neurological patients, seem to afford a re-
flection of the brain condition. Brain oxidative stress,
with oxygen free radicals being responsible for brain
damage, provides signals to peripheral blood, at least,
through the diffusible products of lipid peroxidation.

The neuropeptide, substance P (SP) is widely distri-
buted throughout both the central and peripheral nervous
systems. Generally in PD, it is considered, that SP ex-
pression within the SN is decreased, with such loss of SP
also being attributed to symptom presentation. However,
most studies have used post-mortem PD cases or ex-
perimental models of PD with maximal dopaminergic
degeneration, which both replicate the late stages of the
disease. In these final stages, the reduction in striatal DA
input has resulted in a loss of the SP/DA positive feed-
back mechanism and consequently the reduction in nigral
SP. Indeed, it has been shown that SP content within the
SN is not reduced until greater than 90% of striatal DA
has been depleted. SP content within the SN has yet to be
directly measured in early clinical PD.

A prevalent etiologic hypothesis is that PD may result
from a complex interaction between environmental toxic
factors, genetic susceptibility traits and aging. In the
initial stages of disease, levodopa therapy is the most
effective for improving motor symptoms PD. However,
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long-term treatment with levodopa is accompanied by
fluctuations in motor performance, dyskinesias, and neu-
ropsychiatric complications. A disease-modifying thera-
py is the most important unmet medical need in the
treatment of PD. New information has become avai-
lable on the mechanism responsible for levodopa-induced
motor complications and the potential value of thera-
pies that provide more continuous dopaminergic stimu-
lation.

Little mathematical modeling has been offered for PD.
Drosophila research into PD has focused on the trans-
genic expression of human alpha-synuclein in fly neu-
rons and on the comprehensive investigation of two
genes responsible for recessive PD, parkin and PINKI.
Finally, the advantages of Drosophila as a model will
continue to advance our understanding of the mecha-
nisms that contribute to PD, and to aid in the design of
therapeutic treatments with implications for other dege-
nerative diseases and ageing processes.

Many drugs used to treat PD are effective in many
patients, but do not retard the degeneration of the brain
regions affected by the disease. Their effectiveness
diminishes over time and their adverse effects become
increasingly more troublesome. Therefore, new thera-
peutic approaches are required. Clinical and biochemical
evidences suggest that PD involves multifactorial oxi-
dative neurodegeneration and that levodopa therapy
aggravates the oxidative burden. It is demonstrated that
PD is primarily an oxidative disease and can be induced
by endogenous and exogenous environmental oxidant
stressors. Several lines of evidences indicate also that
mitochondrial dysfunctions play an important role in the
pathophysiology of PD contributing to the development
and progression of the disease. Recent studies show that
two of the four major genes (DJI and PINK1) involved in
familial PD are of mitochondrial origin. Mutations of
these genes increase cell susceptibility to stressful con-

ditions inducing mitochondrial dysfunction and apoptosis.

Mitochondrial antioxidants/nutrients can improve mito-
chondrial functions and protect mitochondria against oxi-
dative damage. It has been shown that they have neuro-
protective effects against PD in cellular and animal
models as well as in clinical trials. The mitochondrial
antioxidant/nutrient acetyl-L-carnitine (ALC), with its
well known antioxidant energizing protective activities
and with its trophic effects, at optimal doses can be an
effective and safe prevention strategy for PD.

Idiopathic PD is thought to represent a complex inter-
action between the inherent vulnerability of the nigro-
striatal dopaminergic system, a possible genetic predis-
position, and exposure to environmental toxins including
inflammatory triggers. Accumulating evidence now sug-
gests that chronic neuroinflammation is consistently
associated with the pathophysiology of PD. Activation of
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microglia, the resident immune cells of the brain has
been reported after post mortem analysis of the subs-
tantia nigra pars compacta in brains from PD patients.
Equally, increased levels of pro-inflammatory mediators,
reactive oxygen species and eicosanoids have been re-
peatedly reported in the brain of PD patients. It is
hypothesized that chronically activated microglia secrete
high levels of pro-inflammatory mediators which damage
neurons and further activate microglia, resulting in a feed
forward cycle promoting further inflammation and neu-
rodegeneration. Moreover, nigrostriatal dopaminergic
neurons are more vulnerable to pro-inflammatory and
oxidative mediators than other cell types because of their
low intracellular glutathione concentration. Systemic in-
flammation has also been suggested to contribute to
neuroinflammation and consequently neurodegeneration
in PD, as lymphocyte infiltration has been observed in
brains of PD patients. Epidemiological reports of reduc-
ed susceptibility to PD, among chronic users of anti-
inflammatory drugs have also provided evidence of a link
between inflammation and PD. Intriguing new evidence
now suggests that exposure to systemic inflammation
pre-birth or in early life, and the consequent induction of
neuroinflammation throughout the lifespan of an indivi-
dual, contributes to the evolution of neurodegenerative
disorders like PD. Sustained microglial activation, ele-
vated pro-inflammatory mediators and lymphocyte infil-
tration have also all been observed in animal models of
PD, substantiating the current belief of a fundamental
role of inflammation in neurodegeneration.

The molecular pathways underlying the pathogenesis
of the disease remain poorly understood. Interestingly,
recent studies suggest that cyclin-dependent kinase 5
(CdkS5), a serine/threonine kinase that is predominantly
active in neurons, plays a pivotal role in neuronal loss in
models of PD. CdkS5 is typically activated by its activator
p35 and p39, and is implicated in a plethora of neuronal
functions including neuronal migration, neuronal survi-
val and differentiation, and the regulation of synaptic
functions. Cleavage of p35 into a p25 fragment during
pathological condition results in prolonged and aberrant
activation of Cdk5. Importantly, p25-mediated activation
of Cdk5 has been associated with neuronal loss in
MPTP-toxicity model of PD. MPTP-induced neuronal
loss is markedly attenuated in p35-deficient mice. Sub-
sequent studies have identified several substrates of
Cdk5 that may underlie the critical role of Cdk5 in
MPTP toxicity. For example, phosphorylation of survival
factor MEF2 by Cdk5 was found to inactivate MEF2, in
addition to promoting its degradation. In addition, Cdk5-
mediated phosphorylation of antioxidant enzyme Prx2
and an enzyme crucial for repair of DNA damage,
apurinic/apyrimidinic endonuclease 1 (Apel), have both
been demonstrated to contribute to MPTP-induced neu-
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ronal loss.

The tridecapeptide neurotensin (NT), widely distributed
both in the peripheral and in the central nervous system
(CNS) of mammals, including humans, acts as a primary
neurotransmitter or neuromodulator of classical neuro-
transmitters. NT is synthesized in neurons and released
by sodium and calcium-dependent mechanisms and three
major subtypes of NT receptors named NTS1, NTS2 and
NTS3, are largely distributed in different discrete areas in
the brain as well as in the periphery. NT has been shown
to be closely associated with the dopaminergic system,
implicated in the PD. The functional evidence, that NT
modulates dopaminergic transmission, especially the
nigrostriatal and mesocorticolimbic DA pathways, have
suggested that the NT regulation of this system may have
important implications for the pathophysiology and de-
velopment of treatments of these disorders. The NT
receptor antagonists could be used as a treatment strategy
for PD. In addition, NT plays a crucial role also in the
regulation of the glutamatergic transmission. Evidence
has accumulated that glutamate, is an important mediator
of neuronal injury. In view of the enhancing effects of
NT on glutamate transmission, this peptide may play a
relevant role in reinforcing the glutamate-mediated exci-
totoxicity as demonstrated in primary cultures of mesen-
cephalic DA and cortical neurons.

The majority of cases of PD are idiopathic, and with
the exception of isolated toxin induced cases such as
MPTP  (1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine),
underlying environmental causes remain to be discovered.
However, approximately 15% of individuals with PD
have a first-degree relative who also has the disease, and
5% - 10% of PD sufferers are known to have monogenic
forms of the disease. Furthermore, a number of the genes
identified in familial PD have been implicated in, and as
risk factors for sporadic disease. Currently, without a
defined aetiology of the sporadic disease, studying the
molecular mechanisms by which the genetic and toxic
forms progress in animal models offers a valuable re-
source to gain insight into the sporadic disease.

The loss of nigrostriatal dopaminergic neurons (predo-
minately in the substantia nigra pars compacta) as well as
noradrenergic neurons of the locus coeruleus with the
concomitant of intracytoplasmic protein aggregates termed
Lewy bodies in surviving neurons, is considered the
defining pathological feature of PD [95,96]. Based on
Lewy body deposition, it has been suggested PD first
affects the olfactory bulbs and caudal brainstem nuclei,
and then progresses rostrally to the substantia nigra,
which does not become involved until disease is mo-
derately advanced. However, dopamine supplementation
to reverse depleted dopamine output from the substantia
nigra pars compacta is the mainstay pharmacological
intervention for PD. Drugs such as levodopa alleviate the
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symptomatic motor decline of PD only; they do not
address the nonmotor features related to degeneration of
nondopaminergic systems. As the disease progresses
dopamine supplementation becomes less efficient and
dyskinesia and behavioral abnormalities may develop.
Interestingly, a recent study has reported that the neural
loss in PD in Locus coreleus is greater than that in
substantia nigra. The influence of noradrenergic neuro-
transmission on dopamine-mediated behaviour has been
the focus of several studies over the last four decades,
and has confirmed the importance of the relationship
between dopaminergic and noradrenergic pathways in
the control of locomotor activity. It has been suggested
that progressive neurodegeneration of the main nora-
drenergic nucleus—the locus coeruleus—might influence
not only the progression of PD but also the response to
dopaminergic replacement. Furthermore, additional evi-
dences support the notion that noradrenaline deficit
might be relevant for the pathogenesis of long-term com-
plications of L-DOPA treatment such as the wearing-off
phenomenon and dyskinesias.

However, in spite of the bulk of data on the influence
of an alteration of noradrenergic transmission on loco-
motor behaviour, much of these data is conflicting and
not conclusive. Therefore, definitive conclusions, as to
the specific role of the noradrenergic system in the
generation of symptoms of PD and L-DOPA-induced
dyskinesia LID, cannot yet be drawn. Based on a number
of behavioral studies, demonstrating the alleviation of
dyskinesia by o, adrenergic receptor antagonists, in addi-
tion to other biochemical studies, some studies hypothe-
sized that the noradrenergic system also plays a role in
the neural mechanisms underlying PD and L-DOPA-
induced dyskinesia [97].

New intervention strategies [98,99] focused on modi-
fying the disease process, as opposed to the current
symptom-alleviating management of the disease, are
considered necessary for PD. Since direct regeneration of
brain tissues is difficult to achieve, an alternate supply of
neural cells is required in order to attain any therapeutic
goal. Recent progress in stem cell biology has led to new
approaches to the generation of neurons.

Animal models provide a platform to delineate the
pathogenic mechanisms of PD, and studies involving pri-
mates, rodent (rat and mouse), zebrafish, nematodes and
fruit fly have been instrumental to further understanding
of PD. Models of neurotoxins such as MPTP can mimic
the loss of dopaminergic neurons and are useful as
models of characteristic motor symptoms of PD however
they lack of age-dependent progressive neuronal loss,
presence of Lewy bodies and extensive non-motor symp-
toms found in PD. These are valuable models to advance
understanding of dopaminergic neuronal death and con-
comitant physiological consequences but there are limits
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to what can be accomplish with neurotoxin models as
they are not founded on mechanisms known to cause
human PD. On the contrary, genes linked to rare forms of
PD or the processes, which they regulate, are potential
therapeutic targets. Studies using genetically modified
animal models have implicated abnormal handling of
misfolded proteins by the ubiquitin-proteasome and auto-
phagy-lysosomal systems, increased oxidative stress,
mitochondrial and lysosomal dysfunctions as key pro-
cesses perturbed in the neurodegenerative process of PD.
Apart from the obvious preference for vertebrate (rodents
and primates) models to investigate PD, an increasing
number of studies have also shown a number of advan-
tages and the utility of invertebrate (flies and nematodes)
models. The central nervous system of invertebrate
animal has a rather small number of neuron and glia as
compared to vertebrates, however, essential functional
features such as neurotransmitter system of vertebrates
and invertebrates are conserved. However, a concern of
current animal models is the ability of models to
reproduce some, but not all characteristic pathological
features of the human PD.

Glutathione GSH is the most abundant and the main
antioxidant agent in the central nervous system. Early
post-mortem studies revealed decreased levels of GSH in
degenerating substantia nigra of PD patients. Although
diminished GSH levels could be secondary to increased
oxidative stress, it has been postulated as an early event
in PD-associated neuronal death, in which the decrease

in GSH content results in a direct inhibition of complex 1.

Decreased activity of mitochondrial complex I, found in
post-mortem tissue of PD patients, is probably a found-
ing event in neuronal death. Interestingly, this phenotype
is replicated in experimental PD induced by MPTP
intoxication, which induces Parkinsonian symptoms in
mice, primates and humans. Inhibition of complex I
leads to impaired mitochondrial adenosine triphosphate
(ATP) production and an accelerated production of reac-
tive oxygen species (ROS). The increased ROS could
generate a positive loop between complex I inhibition
and oxidative stress. Iron accumulation is another ele-
ment relevant to neuronal death in PD. In particular, iron
accumulation has been demonstrated in the dopaminergic
neurons of the substantia nigra pars compacta. The iron
dyshomeostasis takes place in the late stages of the
disease as part of a vicious cycle resulting in uncon-
trolled oxidative damage. Over the years, many chemical
compounds and toxin have been identified causative
agents of PD. MPTP is a representative strong neurotoxin
that has been recognized from several young drug addicts
developed severe parkinsonism. In addition, epidemio-
logically, environmental neurotoxins such as agricultural
chemicals (pesticides, herbicides, and fungicides) are
promising candidates for causative factors of PD. Ro-
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tenone and paraquat could promote and accelerate the
development of PD. Oxidative stress and mitochondrial
dysfunction induced by these toxins could contribute to
the progression of PD. While most cases of PD are
sporadic, specific mutations in genes that cause familial
forms of PD have led to provide new insights into its
pathogenesis. Analysis of these gene products may pro-
vide vital clues to our understanding of the molecular
pathogenesis of dopaminergic neuronal death in PD. Over
10 causative genes for autosomal-dominant (a-synuclein,
UCHLI1, and LRRK2) or autosomal-recessive (parkin,
PINK1, and DJ-1) inheritance PD have been identified
and classified for PARK loci.

Oxytocin and vasopressin are important modulators of
diverse social and anxiety-related behaviors. The enzyme
that regulates the function of both peptides, called
oxitocinase (OX) or vasopressinase, is also involved in
cognitive functions. These results may reflect changes in
the levels of oxytocin and vasopressin in the medial
prefrontal cortex and consequently in the functions in
which they are involved and might account, in part, for
the cognitive abnormalities observed in hemi-Parkin-
sonism.

6-Hydroxydopamine (6-OHDA) is a specific dopami-
nergic neurotoxin and has been commonly used to pro-
duce experimental animal models of PD. The stereotaxic
injection of 6-OHDA into the substantia nigra and stria-
tum of the brain injures dopaminergic neurons. Gynos-
temma pentaphyllum (Cucurbitaceae, GP) is usually used
as an herbal tea and is widely believed to have various
protective and/or improving functions for diabetes, de-
pression, anxiety, fatigue and hyperlipidemia. GP has
been also found to have an anti-stress function and im-
munomodulatory activity in mice. Recently, it is reported
that an oral administration of GP extracts amelioration
and reduction of tyrosine hydroxylase (TH)-immuno-
positive cells induced by 6-OHDA-lesioning in the dopa-
minergic neurons of substantia nigra of rat brain.

Human leucine-rich-repeat kinase 2 (LRRK2) has
been found to be thus for the most frequent cause of late-
onset and idiopathic PD. The mutations are found in 5%
- 6% of patients with familial PD, and importantly also
have been implicated with sporadic PD with unprece-
dented 1% - 2% prevalence. The pathogenic role and
associated biochemical pathways responsible for LRRK2-
linked disease remain unknown. However the described
disease-linked mutations represent a unique opportunity
to biochemically explores the pathogenicity of LRRK2
and identifies therapeutic targets for related neuro-
degenerative disorders. Since LRRK2 kinase activity is
critically linked to toxicity, it presents a viable target for
therapeutic modulation.

Two of the cardinal characteristics of PD are the death
of dopaminergic neurons in the substantia nigra pars
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compacta and the presence of intracellular inclusions in
surviving neurons. Although a direct link between the
two events is unclear, it is generally thought that these
inclusions, referred to as Lewy bodies, are either causal
or predictive of the oncoming neuronal death cascade. It
is the loss of these dopaminergic neurons that lead to the
disruptions in basal ganglia circuitry and cause the gross
motor dysfunction seen in those afflicted with PD. As
such, a better understanding of the components of Lewy
bodies and how they may contribute to PD pathology is
important. The main component of Lewy bodies is a
protein known as a-synuclein. Aside from its prominence
in Lewy bodies, a-synuclein is of particular interest
because genetic mutations such as gene multiplication
and amino-acid substitutions cause autosomal-dominant
inherited forms of the disease. Manipulation of a-synu-
clein gene expression is the basis for many experimental
transgenic PD models and a target for therapeutic inter-
vention in humans. There is also evidence to suggest that
the smaller, oligomeric aggregates of a-synuclein may be
more cytotoxic than bona fide Lewy bodies. However,
there is still much left to be uncovered regarding how
a-synuclein contributes to the progression of PD or even
regarding the normal function of the protein. A clue to
the answers for both of these questions may lie in the
ability of a-synuclein to switch between a membrane-
bound and a cytosolic form. Pathologically, the balance
between the populations of membrane-bound and cyto-
solic forms is thought to be important in the development
of oligomeric species and/or Lewy bodies.

Current symptomatic treatment methods based on ad-
ministration of L-3, 4-dihydroxyphenylalanine (L-DOPA)
and other drugs that stimulate dopaminergic neurotrans-
mission result in dyskinesia and psychiatric complica-
tions. As such, there are no effective neuroprotective or
neurorestorative therapies. Recently, a novel class of
compounds called neuroimmunophilin (NIL) ligands
derived from the natural product FK506 (tacrolimus)
have shown efficacy in treatment in a number of neuro-
degenerative disease models. The tyrosine hydroxylase
TH protein and its regulation by phosphorylation are
emerging as a promising molecular target to combat the
locomotor deficits seen not only in PD but in aging as
well.

[100-102] examined research that points to timing
deficits in upper limb repetitive and coordinated move-
ments in PD, when required to integrate a timing cue.
Further, to evaluate how attention and processing of
sensory feedback may contribute to timing control, it was
taken a close look at new methodologies to investigate
timing control during gait in PD. The results of these
studies were discussed in terms of how timing deficits
may be an important underlying factor that contributes to
many of the motor symptoms seen in PD. The hy-
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potheses described in [103,104] were that brain oxidative
stress and damage are involved in the pathogenesis of PD.
The peripheral markers could be a useful tool to deter-
mine the evolution of brain oxidative stress in neuro-
logical patients. The subject of [105-108] was the patho-
gnomonic signs of dopaminergic neuron death observed
in PD including inhibition of mitochondrial complex I,
iron accumulation and decreased glutathione (GSH)
content and the interplay between the three factors. The
results in [109,110] suggested that filterable nocardiae
likely multiply within astrocytes, through which they
may invade neurons, and play a significant role in both
neuronal loss and Lewy body formation.

[111-114] ascertained that inflammation in both the
periphery as well as the brain may be a major factor in
the progression of PD. This research [111-114] identified
the latest results on the identification of inflammatory
markers in the blood of PD patients and the possibility
that these may be able to traverse the blood brain barrier
to initiate and propagate inflammation in the brain. A
range of anti-inflammatory agents were discussed which
have been shown in animal studies as well as PD patients
to have a beneficial effect. [115-117] introduced the
cellular functions of cyclin-dependent kinase 5 (Cdk5),
in addition to summarizing existing knowledge on the
involvement of CdkS5 in various aspects of PD pathology.
[118,119] suggested that the factors involved in regu-
lating a-synuclein membrane dissociation are likely to
provide new insight into a-synuclein function and its role
in PD. [119-121] provided a mechanistic framework to
our current understanding of the structural and molecular
basis of FKBP function in neuronal cells in relation to
PD. In summary, a deeper understanding of FKBP func-
tion in PD will not only open up new targets for treat-
ment but will also aid the design of new neuroimmuno-
philins ligands for more effective therapeutic interven-
tion. [122-124] summarized that enhancement of tyrosine
hydroxylase TH activity is a central feature of growth
factor related increases in locomotor activity and nigral
DA may be critical for specific aspects of locomotor
activity. [125-129] described the investigations into PD
genes in Drosophila. The great insights derived from
these studies into the underlying mechanisms that contri-
bute to the progressive neurodegeneration caused by the
disease and the future importance of Drosophila as a
model organism to understanding the disease. Pesticides
and herbicides are the most likely candidates for environ-
mental agents associated with the pathogenesis of PD
[130,131]. On the other hand, PD characteristics are seen
in a number of familial motor disorders caused by differ-
ent genetic factors. Animal models of neurodegenerative
diseases, including PD, have in general been quite in-
structive in understanding their pathogenesis. Ideally,
animal models of PD, whether induced by environmental
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risk factors (neurotoxins) or genetic manipulations,
should faithfully reproduce the clinical manifestations
(behavioral abnormalities), pathological features, and
molecular dysfunctions characterizing the disease. Un-
fortunately, animal models rarely mimic the etiology,
progression, and pathology of PD completely, and in
most cases, only partial insight can be gained from these
studies. Despite these difficulties, animal models are
considered to be very helpful in the development of the-
rapies to treat PD. [132-135] discuss recently developed
neurotoxin-induced and genetic model animals of PD.

[136-138] aimed to analyze oxytocinase (OX) or
vasopressinase in the left and right medial prefrontal
cortex of spontaneously hypertensive rat with left or
right hemi-parkinsonism, induced by intrastriatal injec-
tions of 6-OHDA, and compared with sham controls. The
studies [139-142] are focused on Dictyostelium dis-
coideum Roco proteins which have similar domain ar-
chitecture and very similar characteristics as LRRK2.
The social amoeba Dictyostelium discoideum provides a
well-established model to study the basic aspects of
directed cell movement and development. They tried to
answer key questions for the intramolecular regulation of
LRRK?2 and gave insight in the function of the LRR, the
mechanism by which the Roc domain regulates kinase
activity, the role that COR plays in this process and
importantly how the PD-linked mutations alter the
interactions between the different domains. [143-146]
showed that striatal depletion of dopamine DA-depletion
generates an abnormal circuit dynamics in the rodent
striatum, basically, abnormal synchronized oscillatory
activity at multiple levels of the cortico-basal ganglia
loops and that dopamine receptor agonists dissolve the
dominant state opens the way to create a bioassay for the
testing of drugs with potential therapeutic value. The
next review [147-156] focused on animal models of both
toxin-induced and genetically determined PD that have
provided significant insight for understanding this dis-
ease, and also discussed the validity, benefits, and limi-
tations of representative models.

[157,158] investigated the protective effects of herbal
butanol extracts from GP (GT-BX) on stressful exposure
and L-DOPA treatment in 6-OHDA-lesioned rat model of
PD. Their results suggest that BP-BX develops the
neuroprotective activity on stress- and L-DOPA-induced
toxic reaction in the 6-OHDA-lesioned rat models of PD.
The protection provided by acetyl-L-carnitine (ALC)
offered the possibility of new therapeutic strategies for
neurodegenerative diseases which can share the same
final neurotoxic pathway in mitochondria [159,160]. A
novel striatum-specific transcript encoding an orphan G
protein coupled receptor, the Gpr88, has been identified
in rodent and human brains [161]. Gpr88 protein is
highly concentrated throughout the striatum of rodent
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and primates with membrane/cytoplasmic expression in
MSNs. Ultrastructural immunolabelling revealed concen-
tration of Gpr88 at postsynaptic sites, preferentially
contacted by asymmetrical excitatory axodendric synapses.
Moreover, dopaminergic and cortico-striatal lesions,
followed by administration of dopaminergic ligands in
rats, revealed that Gpr88 expression is modulated by
dopamine- and glutamate-regulated mechanisms, provid-
ing anatomical basis for potential therapeutic strategies
for striatum-related motor disorders. [162-165] proposed
that a combined therapy with antioxidant and high ener-
getic agents should be provided to pre-clinical geneti-
cally individuals at risk to suffer PD to delay or to pre-
vent motor symptoms and/or frank PD. These data may
contribute to a better understanding of the inherent nutri-
tional status, genetic predisposition and environmental
agents as causative factors of PD. [132,166,167] examin-
ed the current evidence in the literature which offers
insight into the premise that inflammation may either
cause or be a consequence of neurodegeneration in PD
and presents the immunomodulatory therapeutic strateg-
ies that are now under investigation and in clinical trials
as potential neuroprotective drugs for PD. [168,169]
suggested that neurotensin NTS1 activation may be in-
volved in the etiology or progression of neurodege-
nerative pathologies and the treatment with selective
NTSI receptor antagonists in combination with conven-
tional drug treatments could provide a novel therapeutic
approach, especially for the treatment of PD. [170,171]
offered one interesting approach using of embryonic
stem cells (ESCs). ESCs could be an excellent source for
cell replacement therapy of neurodegenerative medicine
such as PD. [172,173] hypothesized that due to the
compensatory additional release of striatal DA by re-
maining DA neurons early during dopaminergic degene-
ration, the neuropeptide, substance P (SP) through this
positive feedback mechanism may also be locally in-
creased within the SN. Here, SP may subsequently con-
tribute to the activation of microglia and the dysfunction
of the blood brain barrier, and thus perpetuate the
ongoing degeneration of DA neurons. Thus, treatment
with a tachykinin NK1 receptor antagonist may represent
a novel neuroprotective therapy for PD that may slow
disease progression.

The behavioral and biochemical studies presented in
[174-176] suggest that noradrenaline system exerts a
compensatory mechanism in PD, whereas the enhanced
activation of ap, adrenoceptors following repeated L-
DOPA treatment may contribute to the development of
L-DOPA-induced dyskinesia. [177] described an analysis
method based on radial basis function networks predic-
tions which can predict a person’s mitochondrial single
nucleotide polymorphism (mtSNP) constitution and pro-
babilities of becoming a PD patient; it may be useful in

OPEN ACCESS



1210

J. Dushanova / Health 4 (2012) 1200-1217

the initial diagnosis of various diseases. In addition, a
slight decrease in cardiac uptake of 123i-metaiodoben-
zylguanidine (MIBG) has also been reported in some
patients with Lewy body disease including PD and de-
mentia with Lewy bodies [178,179]. The inclusion of
1231-MIBG myocardial scintigraphy in the clinical as-
sessment can potentially increase the chance of correctly
distinguishing Lewy body disease from the other park-
insonian syndromes, but '“I-MIBG myocardial scinti-
graphy may not regarded as the first and best choice of
the differential diagnosis of PD from dementia with
Lewy bodies.
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