Journal of Neurology & Neurophysiology: Open Access 2025, 16, 04, 23.

Short Communication

Parkinson’s: Neurodegeneration, Symptoms, and Therapies

Daniel Rodriguez*
Department of Neurology, University of Barcelona, Spain

Corresponding Authors*

Daniel Rodriguez
Department of Neurology, University of Barcelona, Spain
E-mail: daniel.rodriguez@jneurophysiol.org

Copyright: 2025 Daniel Rodriguez. This is an open-access article
distributed under the terms of the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any
medium, provided the original author and source are credited.

Received: 01-Jul-2025; Accepted: 29-Jul-2025; Published: 29-Jul-2025

Introduction

Parkinson’s disease (PD) is a complex neurodegenerative disorder pri-
marily affecting motor control, stemming from the progressive loss of
dopaminergic neurons in the substantia nigra. This neuronal degenera-
tion profoundly impacts the basal ganglia, leading to characteristic motor
symptoms such as bradykinesia, rigidity, and resting tremor. Understand-
ing the underlying mechanisms of this neuronal demise is a critical focus
of current research, aiming to identify therapeutic targets that can effec-
tively slow or halt disease progression. Significant advancements in neu-
roimaging techniques and the development of robust biomarkers are revo-
lutionizing the early diagnosis and precise monitoring of Parkinson’s dis-
ease, offering hope for more personalized and effective treatments. The
intricate neural pathways responsible for voluntary movement are severely
disrupted in PD, necessitating a deep exploration of neurophysiological al-
terations. These disruptions manifest as a spectrum of motor deficits, influ-
encing gait, posture, and fine motor skills. Ongoing research endeavors to
unravel the complex interplay between genetic predisposition and environ-
mental factors that contribute to the initiation and advancement of the dis-
ease. The identification of specific molecular pathways implicated in neu-
ronal death, such as alpha-synuclein aggregation, provides crucial insights
into the pathogenesis of PD. Investigating these pathways opens avenues
for the development of targeted therapies designed to interfere with toxic
protein accumulation and prevent neuronal loss. The therapeutic landscape
for Parkinson’s disease is continuously evolving, with a persistent search
for agents that not only manage symptoms but also offer neuroprotection.
Current pharmacological interventions primarily aim to restore dopamin-
ergic neurotransmission, alleviating motor symptoms. However, the de-
velopment of disease-modifying therapies that can halt or reverse neurode-
generation remains a significant challenge. Emerging treatment modalities,
including gene therapy and deep brain stimulation, offer promising alter-
natives for patients with advanced disease or those who do not respond
adequately to conventional treatments. These advanced interventions aim
to restore neuronal function and improve motor control through different
mechanisms, highlighting the multidisciplinary approach required to com-
bat PD. Furthermore, the recognition of non-motor symptoms as integral

components of Parkinson’s disease broadens our understanding of its sys-
temic impact. These symptoms can precede motor deficits by years, sug-
gesting their utility as early diagnostic markers and indicators of disease
progression. Addressing both motor and non-motor aspects is crucial for
enhancing the quality of life for individuals living with PD. Research into

the role of neuroinflammation as a contributing factor to neuronal damage
in Parkinson’s disease is gaining momentum. Understanding how inflam-
matory processes exacerbate neuronal injury can lead to the development
of anti-inflammatory strategies aimed at slowing disease progression. The
genetic underpinnings of Parkinson’s disease are increasingly being eluci-

dated, with the identification of specific gene mutations linked to increased

susceptibility and accelerated disease progression. This genetic insight is
vital for personalized risk assessment and the development of tailored ther-
apeutic approaches. The intricate relationship between mitochondrial dys-
function and neurodegeneration in PD is another area of intense investi-
gation. Impaired mitochondrial function can lead to increased oxidative
stress and cellular damage, contributing to the death of dopaminergic neu-
rons. Targeting mitochondrial health is therefore a promising therapeutic
strategy. The integration of knowledge from various research domains,
from molecular biology to clinical neurology, is essential for a comprehen-
sive understanding and effective management of Parkinson’s disease. This
holistic approach promises to accelerate the development of novel and im-
pactful treatments for this debilitating condition.

Description

Parkinson’s disease (PD) is characterized by significant neurodegeneration
within the substantia nigra region of the brain, a process that critically im-
pairs dopaminergic pathways essential for regulating motor control. The
clinical manifestations of this neurodegeneration include hallmark motor
symptoms such as bradykinesia (slowness of movement), rigidity (stiffness
of the limbs), and resting tremor. The ongoing research efforts are heavily
concentrated on unraveling the precise molecular and cellular mechanisms
driving neuronal loss and identifying novel therapeutic targets that pos-
sess the potential to decelerate or even arrest the progression of this relent-
less disease. Concurrently, significant advancements in sophisticated neu-
roimaging modalities and the identification of reliable biomarkers are sub-
stantially improving the accuracy and timeliness of early diagnosis, as well
as enabling more effective long-term monitoring of disease progression.
This study explores the electrophysiological signatures associated with mo-
tor impairments in Parkinson’s disease, specifically highlighting observed
alterations in the functional connectivity and activity of both cortical and
subcortical neural circuits. It further investigates the correlation between
these neural modifications and specific motor deficits experienced by pa-
tients, offering insights into potential therapeutic interventions that could
target these dysfunctional circuits to restore motor function. A key aspect of
Parkinson’s disease pathogenesis involves the pathological aggregation of
the protein alpha-synuclein. This research meticulously examines the role
of alpha-synuclein aggregation in the broader process of neurodegeneration
characteristic of Parkinson’s disease, delving into the intricate molecular
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mechanisms by which this aberrant protein contributes to neuronal death
and the subsequent development of motor control deficits. Moreover, it
critically discusses various therapeutic strategies that are being developed
or explored with the aim of mitigating alpha-synuclein pathology. Current
pharmacological treatments for Parkinson’s disease are reviewed, with a
specific emphasis on elucidating their distinct mechanisms of action and
their quantifiable impact on improving motor control. The review also crit-
ically examines promising emerging therapies and addresses the persistent
challenges encountered in the development of neuroprotective agents capa-
ble of halting or reversing the underlying neurodegenerative process. Deep
brain stimulation (DBS) is presented as a significant therapeutic option for
individuals with advanced Parkinson’s disease, detailing its profound ef-
fects on motor control and the underlying neurophysiological changes that
occur. The paper also provides a comprehensive discussion on crucial as-
pects such as optimal patient selection criteria, strategies for target opti-
mization within the brain, and the management of potential complications
associated with the procedure. This research investigates the intricate link
between mitochondrial dysfunction and the process of neurodegeneration
observed in Parkinson’s disease, seeking to understand how impaired mi-
tochondrial function actively contributes to increased neuronal oxidative
stress and eventual cellular demise, thereby impacting the motor pathways.
The contribution of non-motor symptoms to the overall disease burden in
Parkinson’s disease is thoroughly discussed, alongside their potential sig-
nificance as early indicators of neurodegeneration. The complex and often
bidirectional interplay between motor and non-motor symptoms, and their
collective impact on the overall quality of life for patients, is also explored
in depth. This research delves into the crucial role of inflammation within
the central nervous system in driving the neurodegenerative process char-
acteristic of Parkinson’s disease. It meticulously examines how chronic
neuroinflammation can significantly exacerbate neuronal damage and con-
tribute to the insidious progression of motor deficits, suggesting inflam-
matory pathways as potential therapeutic targets. The potential efficacy of
gene therapy as a novel treatment modality for Parkinson’s disease is ex-
plored, focusing on its capacity to deliver beneficial neurotrophic factors
or to replace defective genes, thereby offering protection against neurode-
generation and improving motor function. This article comprehensively
reviews recent advances in understanding the fundamental genetic basis of
Parkinson’s disease, elucidating how specific genetic factors influence an
individual’s susceptibility to developing the disease and impacting its rate
of progression. It highlights key gene mutations, such as those in LRRK2
and SNCA, and their direct role in the neurodegenerative cascade.

Conclusion

Parkinson’s disease (PD) is a neurodegenerative disorder marked by the
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loss of dopaminergic neurons in the substantia nigra, leading to motor im-
pairments like bradykinesia, rigidity, and tremor. Research focuses on
understanding neurodegeneration mechanisms and identifying therapeutic
targets. Advancements in neuroimaging and biomarkers aid early diag-
nosis and monitoring. Studies investigate electrophysiological changes in
neural circuits, the role of alpha-synuclein aggregation, and mitochondrial
dysfunction in neuronal death. Pharmacological treatments aim to man-
age motor symptoms, while emerging therapies like deep brain stimulation
and gene therapy offer new possibilities. Non-motor symptoms are also
recognized as important indicators. Neuroinflammation and genetic fac-
tors, including mutations in genes like LRRK2 and SNCA, are significant
areas of research contributing to disease pathogenesis and progression. Ef-
fective management requires a comprehensive approach addressing both
motor and non-motor aspects of the disease.
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