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Abstract:
Parkinson’s disease (PD) is a progressive neurodegenerative disorder marked by motor dysfunctions

such as tremors, rigidity, and bradykinesia, as well as non-motor symptoms including cognitive decline
and depression. The underlying pathology involves the gradual loss of dopaminergic neurons in the
substantia nigra of the midbrain and the accumulation of Lewy bodies, primarily composed of a-
synuclein. Current pharmacological interventions such as levodopa, dopamine agonists, and MAO-B
inhibitors provide symptomatic relief but fail to halt or reverse neuronal degeneration. Long-term use
of these drugs is also associated with side effects like dyskinesia and motor fluctuations. Therefore,
there is an urgent need to explore alternative or complementary therapeutic options with better safety
profiles and neuroprotective efficacy.

In recent years, herbal drugs have gained increasing attention in the management of Parkinson’s disease
due to their multi-targeted approach, antioxidant properties, and relatively low toxicity. Numerous
plant-based compounds such as curcumin (from Curcuma longa), bacosides (from Bacopa monnieri),
withanolides (from Withania somnifera), and ginsenosides (from Panax ginseng) have demonstrated
neuroprotective, anti-inflammatory, and anti-apoptotic activities in preclinical models. These
phytochemicals are thought to work through various mechanisms including inhibition of oxidative
stress, modulation of mitochondrial function, suppression of neuroinflammation, and enhancement of
dopaminergic transmission.

This review aims to comprehensively analyze the potential of herbal drugs in the prevention and
management of Parkinson’s disease. It explores the ethnopharmacological background, molecular
mechanisms, therapeutic efficacy, safety concerns, and current research gaps. Additionally, it addresses
the regulatory and standardization challenges associated with the clinical adoption of herbal therapies.
By evaluating both traditional knowledge and modern scientific evidence, this work highlights the
promising role of herbal medicine as a complementary strategy in the multifaceted approach to
Parkinson’s disease.

Keywords: Parkinson’s disease, Herbal medicine, Phytotherapy, Neuroprotection, Mucuna pruriens,
Withania somnifera, Oxidative stress, Neuroinflammation, Phytochemicals, Complementary medicine
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Chapter 1: Introduction
Overview of Parkinson’s Disease

Parkinson’s disease (PD) is a progressive
neurodegenerative disorder characterized by
motor symptoms such as resting tremors,
bradykinesia, rigidity, and postural instability.
These motor disturbances are primarily caused
by the progressive  degeneration  of
dopaminergic neurons in the substantia nigra
pars compacta, a region of the midbrain that
plays a critical role in regulating movement. A
key hallmark of PD is the accumulation of
intracellular inclusions called Lewy bodies,
primarily composed of a-synuclein protein
aggregates [1].

Though commonly considered a movement
disorder, PD also presents with numerous non-
motor symptoms, including sleep disturbances,
depression, constipation, fatigue, and cognitive
impairments. These symptoms significantly
impact the quality of life and often precede the
appearance of motor symptoms, making PD a
complex and multifaceted disease.

Global Prevalence and Burden

PD affects more than 10 million people globally,
with increasing prevalence in aging populations.
It typically manifests after the age of 60,
although early-onset Parkinson’s may occur in
individuals younger than 50. With growing life
expectancies worldwide, the prevalence of PD is
expected to double by 2040, placing an
increasing burden on public healthcare systems
and families.

Beyond its physical toll, the economic burden of
Parkinson’s disease is immense. This includes
direct medical costs for medication and
hospitalization, and indirect costs such as
caregiver time, loss of employment, and
premature mortality. As a result, there is a
pressing need for more holistic, accessible, and
affordable treatment strategies.

Limitations of Conventional Treatments

Current pharmacological interventions primarily
aim to replenish dopamine levels or mimic its
action. The gold standard treatment is levodopa,
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often combined with carbidopa to prevent its
premature breakdown. While initially effective
in reducing motor symptoms, prolonged
levodopa therapy often leads to motor
complications such as levodopa-induced
dyskinesia (LID) and fluctuating response to the
drug [2].

Other treatment options include dopamine
agonists, monoamine oxidase-B (MAO-B)
inhibitors, and COMT inhibitors, which either
enhance dopamine activity or prolong its
presence in the

brain. Despite their benefits, these drugs are not
curative and may cause side effects such as
hallucinations, impulse control disorders, and
orthostatic hypotension.

Advanced PD may be managed through deep
brain stimulation (DBS), a surgical approach
targeting the subthalamic nucleus or globus
pallidus interna. Although effective for some,
DBS is invasive, expensive, and suitable only
for selected patients.

Role of Oxidative
Neuroinflammation

Stress and

Scientific research increasingly highlights the
role of oxidative stress and neuroinflammation
in the pathogenesis of PD. The substantia nigra
is particularly vulnerable to oxidative damage
due to high iron content, dopamine metabolism,
and low antioxidant defenses [1]. Excessive
production of reactive oxygen species (ROS)
leads to mitochondrial dysfunction, lipid
peroxidation, DNA damage, and neuronal death.

Neuroinflammation, characterized by activated
microglia and elevated pro-inflammatory
cytokines, further accelerates
neurodegeneration. These intertwined
pathological events create a self-perpetuating
cycle of neuronal damage, leading to
progressive loss of dopaminergic neurons.
These insights have shifted therapeutic focus
toward agents with antioxidant and anti-
inflammatory properties, many of which are
found in herbal compounds.

Growing Interest in Herbal Medicine
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Herbal medicine, especially as practiced in
Ayurveda, Traditional Chinese Medicine
(TCM), and Unani, has long utilized plant-based
remedies for chronic illnesses including
neurological disorders. In these systems, the
emphasis lies in restoring physiological balance,
improving vitality, and slowing degeneration.

In modern contexts, researchers have started
exploring these herbal therapies using scientific
models. Prominent herbs and compounds being
investigated for their neuroprotective potential
in PD include:

e Curcumin from Curcuma longa, which
possesses potent antioxidant and anti-
inflammatory effects.

e Withanolides from Withania somnifera
(Ashwagandha), known for
neuroregeneration and stress modulation.

e Bacosides from Bacopa  monnieri,
recognized for cognitive enhancement and
anti-apoptotic action.

e Ginsenosides from Panax ginseng, which
improve mitochondrial health and reduce
neuroinflammation [3].

These phytochemicals act through multi-
targeted mechanisms, making them suitable for
treating complex disorders like PD.

Advantages of Herbal Drugs

Unlike single-target synthetic drugs, herbal
compounds often have polypharmacological
properties—interacting with multiple signaling
pathways and offering broader therapeutic
effects. For Parkinson’s disease, herbal drugs
offer several advantages:

e Neuroprotective properties — They help
prevent neuronal loss.

e Antioxidant capacity — Many herbs
neutralize oxidative radicals.
e Anti-inflammatory activity — Useful in

reducing microglial activation.

e Cognitive support — Herbs like Brahmi and
Ginseng improve memory and focus.

e Low toxicity — When properly standardized,
herbal drugs generally show minimal side
effects.
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These characteristics make herbal medicine a
promising adjunct or alternative to conventional
PD therapies.

Traditional Medical Perspectives

In Ayurvedic medicine, Parkinson’s is
considered analogous to Kampavata, a disorder
caused by aggravated Vata dosha. Treatments
aim to restore balance through diet, lifestyle
changes, and herbal preparations such as
Mucuna pruriens (natural source of levodopa),
Ashwagandha, and Shankhpushpi. These
remedies are designed to nourish the nervous
system and improve strength, coordination, and
calmness [3].

In Traditional Chinese Medicine, Parkinson’s is
associated with Qi deficiency, phlegm
accumulation, and wind stirring within. Herbs
like Gastrodia elata, Ginkgo biloba, and Uncaria
rhynchophylla are traditionally used to calm
tremors and nourish the brain. These systems use
combinations of herbs to synergistically address
different aspects of the disease [4].

Such traditional frameworks offer centuries of
empirical knowledge, now increasingly
validated through laboratory and clinical
research.

Challenges and Research Gaps

Despite promising results, several challenges
hinder the broader adoption of herbal drugs in
PD management:

e Standardization issues — Variability in plant
source, harvest time, and extraction methods
affect consistency.

e Lack of clinical data — Most evidence comes
from animal models or small studies.

e Herb-drug interactions — Herbal compounds
may alter the pharmacokinetics of
conventional PD drugs.

e Regulatory hurdles — Approval for herbal
medicines often lacks harmonized global

guidelines.
Addressing these issues requires
interdisciplinary collaboration, stronger
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regulatory frameworks, and investments in high-
quality research.

Rationale for the Review

The growing interest in herbal remedies for PD,
coupled with promising experimental findings,
warrants a thorough examination of their
mechanisms, efficacy, and safety. This review
aims to:

Highlight key herbal drugs
phytochemical profiles

° and their
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Discuss evidence from in vitro, in vivo, and
clinical studies
Explore the benefits and risks of using herbal

therapies
¢ Identify regulatory and research gaps
Ultimately, this work intends to bridge

traditional wisdom and scientific understanding
in the pursuit of safer, more effective treatments
for Parkinson’s disease

S.no Figure

Key action

NAME:-  Centella Asiatica

Anti-inflammatory: It has anti-inflammatory
properties that can be beneficial for conditions like
eczema and psoriasis.

Antioxidant: It helps to protect against damage from
free radicals.

NAME:- Tinospora cordifolia
Anti-inflammatory and Anti-arthritic: It is used in the
treatment of inflammation and arthritis.
Antioxidant: It has antioxidant properties that help to
manage oxidative stress.

NAME:- Salvia miltiorrhiza
Anti-inflammatory: It has potent anti-inflammatory
effects.

Antioxidant: It has significant antioxidant properties,
helping to scavenge free radicals.

Chapter 2: Phytochemistry and Mechanistic
Insights of Herbal Drugs in Parkinson’s
Disease

Introduction

The exploration of herbal drugs in the treatment
of Parkinson’s disease (PD) has expanded due to
their multifaceted actions and long-standing

traditional use. While traditional systems have
offered broad symptomatic relief, the modern
scientific approach seeks to validate these
effects through the study of phytochemicals, or
bioactive compounds present in medicinal
plants.

9|Page



Tabassum et al.

This chapter focuses on the phytochemistry of
major herbal agents used in PD and their
mechanisms of action, which include
dopaminergic  enhancement, mitochondrial
protection, oxidative stress reduction, and anti-
inflammatory effects. Such mechanisms have
been elucidated through extensive biochemical,
pharmacological, and molecular studies.

Phytochemicals with
Potential in PD

Neuroprotective

Herbal drugs are rich in diverse bioactive
molecules such as alkaloids, polyphenols,
flavonoids, terpenoids, saponins, and
glycosides. These molecules are responsible for
the therapeutic actions observed in PD,
especially through their ability to cross the
blood-brain barrier, modulate
neurotransmission, and influence neuronal
survival.

Alkaloids

Alkaloids are nitrogen-containing compounds
widely studied for their neuropharmacological
properties. Mucuna pruriens, a leguminous plant
used traditionally in Ayurveda, contains L-3,4-
dihydroxyphenylalanine (L-DOPA), the direct
precursor to dopamine. This natural form of L-
DOPA is believed to have better absorption and
longer duration of action compared to its
synthetic counterpart [11].

Flavonoids

Flavonoids such as quercetin, kaempferol, and
rutin have been shown to exhibit antioxidant,
anti-inflammatory, and neuroprotective
properties. These are found in plants like Ginkgo
biloba, Bacopa monnieri, and Camellia sinensis.
Flavonoids modulate key signaling pathways
such as Nrf2/ARE, reduce reactive oxygen
species (ROS), and inhibit microglial activation
[12].

Polyphenols

Curcumin, a yellow polyphenol extracted from
Curcuma longa, exhibits multifunctional
neuroprotective  activity by  modulating
oxidative stress, mitochondrial dysfunction, and
protein aggregation. It directly inhibits the
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aggregation of alpha-synuclein, a major
pathological hallmark of PD [13].

Terpenoids and Saponins

Ginsenosides, a group of triterpenoid saponins
derived from Panax ginseng, improve
mitochondrial  efficiency = and  enhance
dopaminergic survival via PI3K/Akt signaling
modulation. They also inhibit apoptotic
signaling and oxidative stress [14].

Mechanistic Targets of Herbal Compounds in
PD

The phytoconstituents mentioned above exert
neuroprotective effects by influencing several
molecular targets. Their mechanisms can be
broadly classified into the following pathways:

Dopaminergic Pathway Modulation

Loss of dopaminergic neurons in the substantia
nigra pars compacta is a defining characteristic
of PD. Herbal compounds like levodopa from
Mucuna, ginsenosides, and withanolides act to:

¢ Enhance dopamine synthesis

e Stimulate dopamine receptor activity

e Inhibit dopamine degradation by
monoamine oxidase-B (MAO-B) [15]

Withania somnifera has been shown to increase
dopamine levels in the striatum of MPTP-treated
mice, which was associated with improved
locomotor function [16].

Oxidative Stress Reduction

Excessive ROS generated by dysfunctional
mitochondria leads to oxidative damage of
neurons. Herbal antioxidants act via:

e Upregulation of antioxidant enzymes (SOD,
CAT, GPx)

e Activation of the Nrf2 pathway

e Chelation of iron and copper ions

For instance, curcumin has shown the ability to
increase glutathione levels, restore
mitochondrial membrane potential, and decrease
lipid peroxidation in dopaminergic neurons [17].
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Inhibition of Neuroinflammation

Chronic neuroinflammation is mediated by
activated microglia and astrocytes in PD brains.
This leads to the secretion of pro-inflammatory
cytokines like TNF-a and IL-6.

Herbal compounds like bacosides from Bacopa
monnieri and ginkgolides from Ginkgo biloba
inhibit the release of inflammatory mediators by:

e Blocking NF-kB activation

e Suppressing inducible nitric oxide synthase
(INOS)

e Decreasing microglial proliferation [18]

Anti-apoptotic and Mitochondrial Support

Apoptosis of dopaminergic neurons is a key
feature in  PD  progression.  Herbal
phytochemicals prevent apoptosis through:

¢ Inhibition of caspase-3 activation

e Upregulation of Bcl-2 (anti-apoptotic
protein)

e Mitochondrial protection via regulation of
cytochrome c release

Studies have shown that withanolides from
Ashwagandha can stabilize mitochondrial dynamics
and inhibit cytochrome c-mediated apoptosis [19]

Phytochemistry of Key Herbal Drugs
Mucuna pruriens

e Primary Compound: Levodopa (3—6% in
seeds)

e Mechanism: Dopaminergic precursor; mild
MAO-B inhibitor

e Additional Compounds: Nicotine, serotonin,
prurienine

The natural formulation improves motor activity
and provides neuroprotection by reducing
neuroinflammation and oxidative stress [11].

Withania somnifera

e Primary Compounds: Withanolides,
withaferin A
e Mechanism: Antioxidant, anti-

inflammatory, neurotrophic
e Additional Activity: Enhances neurogenesis
via BDNF stimulation
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It modulates stress response through the
hypothalamic-pituitary-adrenal axis, supporting
neuronal resilience [16].

Bacopa monnieri

e Primary Compounds: Bacosides A and B

e Mechanism: Enhances synaptic
communication, antioxidant

e Notable Pathways: Modulates serotonin and
dopamine signaling

e Bacopa improves memory, mood, and motor
function under Parkinsonian conditions [18].

Curcuma longa

e Primary Compounds: Curcumin,
demethoxycurcumin,
bisdemethoxycurcumin

e Mechanism: Inhibits a-synuclein

aggregation; activates Nrf2

e Pharmacokinetics: Poor absorption, but
improved  with  piperine or nano-
formulations

Curcumin is a promising candidate for disease-
modifying therapy due to its anti-aggregatory
and mitochondrial stabilizing effects [17].

Panax ginseng

e Primary Compounds: Ginsenosides RbI,
Rgl, Rd

e Mechanism: PI3K/Akt
antioxidant, anti-apoptotic

e Other Benefits: Immune modulation, mental
alertness

activation,

Its adaptogenic properties help mitigate both
motor and non-motor symptoms in PD [14].

Multi-target Action and Synergy

One of the most remarkable advantages of
herbal medicines lies in their multi-target
pharmacology. While synthetic drugs usually
target one protein or pathway, herbal
compounds interact with various systems,
offering broader neuroprotection.

Polyherbal formulations—used traditionally—
combine herbs for synergistic effects. For
example, combining Mucuna, Ashwagandha,
and Brahmi results in:
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¢ Enhanced dopamine production
e Greater anti-inflammatory protection
e Reduced oxidative burden

Such synergy is supported by in vivo studies
where combined formulations outperform
single-herb therapies in behavioral recovery and
biochemical restoration [20].

Limitations and Bioavailability Challenges

Despite promising results, several limitations
hinder the full exploitation of phytochemicals:

e Low bioavailability: Many compounds like
curcumin and bacosides have poor water
solubility and rapid metabolism.
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e Variable phytochemical content: Plant
source, harvest time, and extraction method
influence bioactive concentration.

e Drug interactions: Some herbs may alter the
metabolism of synthetic drugs.

To overcome these, researchers are exploring
nanoformulations, liposomal delivery, and
standardized extracts to improve efficacy and
safety [21].

Summary Table of
Mechanisms

Phytochemicals and

Herbal Source | Active Compound(s)

Mechanism of Action

Pathway/Target

Mucuna Levodopa Dopamine precursor Dopaminergic neurons
pruriens
Withania Withanolides Mitochondrial protection, | BDNF, apoptosis
somnifera neurogenesis pathways
Bacopa Bacosides A & B Synaptic repair, antioxidant Serotonin/dopamine
monnieri signaling
Curcuma longa | Curcumin Inhibits a-synuclein, | Nrf2, NF-xB
antioxidant

Panax ginseng | Ginsenosides (Rbl, | Anti-apoptotic, mitochondrial | PI3K/Akt

Rgl, Rd) stabilization

Chapter 3: Clinical Applications and
Therapeutic Efficacy of Herbal Drugs in
Parkinson’s Disease

Introduction

While the pharmacological and preclinical
benefits of herbal drugs in Parkinson’s disease
(PD) are well-documented, their clinical
application is crucial to understanding their real-
world relevance. This chapter examines the
therapeutic efficacy, dosage patterns, clinical
trials, and limitations associated with herbal
interventions in PD.

The integration of herbal medicine into clinical
neurology demands evidence not just from
laboratory studies, but from randomized
controlled trials (RCTs), observational studies,
and case series. With PD being a complex,
progressive neurodegenerative disorder, the

challenge lies in demonstrating long-term
efficacy, symptom-specific benefits, and safety
in patients already on conventional medications.

Challenges in Clinical Application

Despite rich ethnobotanical knowledge, there
are several challenges in directly translating
herbal therapies to clinical care:

e Standardization: Variability in plant sources,
processing methods, and concentrations
leads to inconsistency.

e Pharmacokinetics: Many herbal compounds
have poor oral bioavailability.

o Safety: Concerns over toxicity,
contamination, and herb-drug interactions
persist.

e Regulation: Unlike synthetic drugs, herbal
products are less stringently regulated in
many countries.
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These concerns underline the need for rigorous
clinical evaluation.

Clinical Studies on Key Herbal Interventions
Mucuna pruriens (Velvet Bean)

Mucuna pruriens remains the most extensively
studied herb for PD due to its high levodopa
content. In a comparative trial, patients receiving
Mucuna seed powder (30g) experienced a faster
onset of action and longer duration of motor
benefit compared to standard levodopa-
carbidopa formulations, with fewer dyskinesias
observed [22].

A follow-up observational study in India
evaluated 60 PD patients receiving Mucuna
along with allopathic medication. Results
indicated significant improvement in UPDRS
motor scores and non-motor symptoms after 12
weeks of therapy, without major side effects
[23].

Withania somnifera (Ashwagandha)

A randomized, placebo-controlled trial
evaluated the impact of Withania somnifera (300
mg twice daily) in early-stage PD patients. After
16 weeks, participants reported improvement in
muscle strength, reduction in fatigue, and
enhanced quality of life, though the effect on
tremors was minimal [24].

Another study found that  Withania
administration led to reduced levels of cortisol
and oxidative stress biomarkers, suggesting its
adaptogenic and neuroprotective role [25].

Bacopa monnieri (Brahmi)

In a pilot clinical trial involving 30 individuals
with mild to moderate PD, administration of
Bacopa monnieri extract (300 mg/day) for 12
weeks led to improvements in cognitive scores,
sleep quality, and attention span. However,
motor improvements were modest and varied
among patients [26].

Its cognitive enhancement effect is well-
recognized in non-PD populations, further
supporting its adjunctive use for non-motor PD
symptoms such as dementia and anxiety [27].

Journal of Biomedical and Pharmaceutical Research

Curcuma longa (Turmeric)

Though primarily supported by preclinical data,
curcumin has shown promise in small-scale
human studies. One open-label trial involving 20
patients with idiopathic PD revealed that
curcumin supplementation (500 mg/day) for 3
months improved mood scores, reduced rigidity,
and decreased serum inflammatory markers
[28].

A Dbioenhanced formulation of curcumin
combined with piperine was found to be more
effective, supporting the role of formulation
science in clinical herbal therapy [29].

Panax ginseng

In a double-blind, placebo-controlled study,
Panax ginseng extract (200 mg/day) was given
to 45 PD patients for 24 weeks. Participants
showed improvement in attention, mental
flexibility, and fatigue, though motor symptom
relief was marginal. Ginsenosides were also
found to modulate dopaminergic tone without
overstimulation [30].

Polyherbal Formulations and Their Clinical
Evaluation

In traditional systems like Ayurveda and TCM,
polyherbal preparations are common. These
mixtures, often comprising 3—10 herbs, are
believed to exert synergistic effects.

One clinical study used a combination of
Mucuna pruriens, Withania somnifera, and
Centella asiatica in 40 PD patients for 90 days.
Results showed:

Improved tremor control

Reduced bradykinesia

Better speech articulation

Stable blood pressure and cognition

Compared to monotherapy, the polyherbal
group had better compliance and fewer side
effects [31].

Another trial explored the use of an Ayurvedic
compound containing Mucuna, Ashwagandha,
Brahmi, and Guduchi (Tinospora cordifolia).
After 6 months, significant improvement was
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noted in mood, fine motor skills, and stability,
with reduced levodopa dosage required [32].

Evaluation Metrics Used in Clinical Trials

Clinical efficacy of herbal interventions in PD is
usually measured by standardized tools such as:

e UPDRS (Unified Parkinson’s Disease
Rating Scale)

e PDQ-39 (Parkinson’s Disease Questionnaire
for quality of life)

e MoCA (Montreal Cognitive Assessment)

e Beck Depression Inventory (BDI)

In trials reviewed, most herbal therapies resulted
in statistically significant changes in UPDRS
part II and III (motor and daily activity
components), though not all surpassed the
threshold of clinical relevance.

Safety, Adverse Effects, and Herb-Drug
Interactions

Most clinical studies indicate that herbal drugs
are well tolerated in PD patients. Mild
gastrointestinal discomfort, headache, and dry
mouth were among the commonly reported
adverse events.

However, Mucuna pruriens, when taken in
excess, may cause hallucinations, increased
blood pressure, or nausea, similar to synthetic
levodopa [33]. Careful dose titration and
monitoring are necessary, particularly in
polypharmacy scenarios.

Herb-drug interactions remain a concern. For
instance:

e Curcumin may affect cytochrome P450
enzymes and alter drug metabolism.

e Ginkgo biloba may interfere with
anticoagulants.

e Ashwagandha could potentiate sedatives.

Therefore, physician-guided use is advised.
Role in Non-Motor Symptom Management

PD is increasingly recognized as a multi-system
disorder, with non-motor symptoms such as:

e Depression
e Cognitive decline

Journal of Biomedical and Pharmaceutical Research

e Sleep disturbances
e Autonomic dysfunction

Herbal drugs, especially Ashwagandha, Bacopa,
and Ginseng, show potential for improving
sleep, enhancing memory, and reducing anxiety
and fatigue. This provides a unique advantage
over dopaminergic drugs, which primarily
address motor symptoms.

Case Reports and Observational Studies

In addition to clinical trials, numerous case
studies and anecdotal evidence support the
efficacy of herbal drugs. For example:

e A 72-year-old PD patient resistant to
levodopa reported improvement in gait and
tremors after starting Mucuna seed powder
under naturopathic supervision.

e In a 6-month case series, 10 patients using
Bacopa extract alongside carbidopa-
levodopa experienced fewer "off" periods
and improved concentration [34].

These real-world observations reinforce the
potential of herbal therapies as adjunct tools in
integrated PD care.

Limitations in Existing Clinical Evidence

Despite encouraging outcomes, current clinical
literature on herbal drugs in PD is limited by:

Small sample sizes

Lack of blinding or placebo control
Short duration of follow-up
Non-standardized herbal products
Inconsistent outcome measures

Larger, multicentric RCTs with standardized
dosing, high-quality extracts, and longer follow-
up periods are urgently needed to validate
efficacy and safety [35].

Integration with Conventional Treatment

Most herbal clinical applications in PD are not
standalone ~ but  rather = complementary.
Combining levodopa therapy with
neuroprotective herbs may:

e Reduce the required dose of levodopa
e Delay the onset of motor complications
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e Address non-motor symptoms
e Improve overall quality of life

Summary Table of Clinical Outcomes

Journal of Biomedical and Pharmaceutical Research

Such integrative strategies are increasingly favored
in countries like India, China, and Germany, where
traditional medicine is formally integrated into

national health systems

Herb Dosage Used in | Duration | Key Benefits Study Type
Trials

Mucuna 30g/day seed | 4-12 Faster onset, reduced | RCT, Observational

pruriens powder weeks dyskinesia

Withania 300-600 mg/day | 8-16 Improved strength, less | RCT, Open-label

somnifera weeks fatigue

Bacopa 300-450 mg/day | 12 weeks | Cognitive enhancement | Pilot trial

monnieri

Curcuma 500 mg/day (with | 12 weeks | Mood, inflammation, | Open-label

longa piperine) rigidity

Panax ginseng | 200 mg/day 24 weeks | Cognitive alertness, | Double-blind placebo-

reduced fatigue controlled

Chapter 4: Safety, Regulation, and herbal compounds may induce toxicity, interact
Standardization of Herbal Drugs in with conventional PD medications, or worsen

Parkinson’s Disease
Introduction

The global interest in herbal medicine for
neurodegenerative disorders such as Parkinson’s
disease (PD) has surged due to its potential for
multi-target therapeutic effects, low toxicity,
and cultural acceptance. However, despite
promising outcomes from various herbal
compounds, concerns related to safety,
regulation, and standardization remain a major
barrier to their universal clinical application.

This chapter critically explores the current
challenges and strategies associated with
ensuring the safety, regulatory compliance, and
chemical standardization of herbal drugs in the
treatment and management of PD. A clear
framework in these domains is vital for the
integration of herbal medicines into evidence-
based neurological care.

Safety Considerations in Herbal Drug Use
General Safety Profile

Herbal remedies are widely perceived as
“natural” and therefore safe. However, clinical
and pharmacovigilance data indicate that some

disease progression if used without proper
supervision.

A review of the adverse events reported in herbal
interventions for PD found that while most
herbs—such as Withania somnifera and Bacopa
monnieri—exhibited a good safety profile, some
users experienced gastrointestinal discomfort,
dizziness, or hepatotoxicity, especially when
using non-standardized formulations [36].

Herb-Drug Interactions in PD

Patients with Parkinson’s disease are often on
multiple medications, including levodopa,
dopamine agonists, MAO-B inhibitors, and
antidepressants. Concurrent use of herbal
medicines poses risks of:

e Pharmacokinetic interactions, such as
altered metabolism via cytochrome P450
enzymes

e Pharmacodynamic interactions, including
potentiation of sedation or cardiovascular
effects

For instance, curcumin may inhibit CYP3A4
and CYP2C9 enzymes, potentially increasing
plasma concentrations of certain dopaminergic
drugs [37]. Ginkgo biloba can enhance the risk
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of bleeding when combined with antiplatelet
medications [38].

Toxic Contaminants

Many herbal products in the open market are
found to be contaminated with heavy metals
(lead, mercury, arsenic), pesticide residues, or
microbial toxins, especially in regions with poor
regulatory enforcement. Such contaminants can
exacerbate neurological symptoms or cause
systemic toxicity.

Cases of lead poisoning from Ayurvedic
preparations containing Bhasma have been
reported in PD patients, emphasizing the need
for quality assurance and toxicity screening [39].

Regulatory  Frameworks for Herbal

Medicines

Unlike synthetic pharmaceuticals, the regulation
of herbal drugs varies drastically across
countries, creating ambiguities in safety
assurance and labeling.

India (AYUSH System)

India has one of the most well-established
frameworks for herbal medicine under the
Ministry of AYUSH (Ayurveda, Yoga, Unani,
Siddha, and Homeopathy). Regulations are
governed by:

e Drugs and Cosmetics Act, 1940
e Pharmacopoeial standards under Ayurvedic
Pharmacopoeia of India (API)

While these regulations provide guidance on
manufacturing practices, many herbal drugs
used in PD are sold as supplements or classical
formulations without robust clinical validation
[40].

United States (FDA Guidelines)

In the US, herbal drugs fall under Dietary
Supplement Health and Education Act
(DSHEA) of 1994. They are not considered
pharmaceuticals and hence do not require FDA
approval for efficacy before marketing.

Manufacturers are responsible for safety
assurance, but there is no mandatory clinical trial
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requirement, which limits confidence in product
consistency [41].

Europe (EMA Guidelines)

The European Medicines Agency (EMA)
provides a more structured regulatory
framework for herbal products, distinguishing
between:

e Well-established use (requires clinical data)
e Traditional use (based on historical usage)

Standardized extracts such as EGb761 from
Ginkgo biloba have been evaluated under these
guidelines, setting a precedent for herbal drugs
in neurological conditions [42].

Standardization of Herbal Products

Standardization refers to the process of ensuring
consistency in active ingredient concentration,
extraction methods, and quality assurance across
herbal batches.

Chemical Standardization

Plants like Mucuna pruriens contain varying
levels of levodopa depending on geography,
season, and processing. Standardized extracts
must guarantee at least 3-5% levodopa content,
as supported by WHO monographs [43].

Similarly, extracts of Withania somnifera must
contain defined levels of withanolides (typically
2.5-5%) to ensure reproducible
pharmacological activity [44].

Extraction and Processing Methods

Extraction techniques such as supercritical fluid
extraction, hydroalcoholic maceration, and
decoction significantly affect the phytochemical
profile.

For example:

e Curcuma longa's bioactive curcuminoids are
better retained using liposomal
encapsulation or micelle-based formulations

e Bacopa monnieri extracts standardized to
55% bacosides are more effective than crude
powder [45]
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Quality Control Parameters
To ensure quality, herbal drugs should undergo:

e High-performance liquid chromatography

(HPLC) for marker compound
quantification

e Thin-layer chromatography (TLC)
fingerprinting

e Microbial load testing
e Heavy metal and pesticide residue analysis

These practices are increasingly recommended
by international organizations such as WHO,
Pharmacopoeia ~ Commission for Indian
Medicine (PCIM), and ISO standards for
botanicals [46].

Post-Market
Pharmacovigilance

Surveillance and

Herbal drugs often reach the market without
stringent trials. Therefore, pharmacovigilance
systems play a critical role in identifying adverse
effects, interactions, and toxicity.

India’s Pharmacovigilance Programme for
AYUSH Drugs (PP-Ayush) collects adverse
event data on herbal products. However,
underreporting and lack of clinician
participation remain major issues [47].

Internationally, the WHO’s Uppsala Monitoring
Centre includes herbal products in its adverse
reaction database. Inclusion of herbs like
Mucuna pruriens and Ginkgo biloba helps track
global trends and inform regulatory changes
[48].

Case Studies of Misuse and Adulteration

Several documented cases show  the
consequences of poor standardization:

e A PD patient developed hepatitis after
consuming non-standardized curcumin
capsules bought online [49].
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e In Canada, a Mucuna supplement was found
to contain twice the declared dose of
levodopa, leading to dyskinesia [50].

e Adulteration with synthetic levodopa was
detected in herbal formulations labelled as

“100% natural”, raising concerns over label
fraud.

Such cases underline the importance of stringent
lab testing and regulatory audits.

Need for International Harmonization

Given the growing global trade in herbal
medicine, harmonization of standards is crucial.
Collaborative initiatives such as:

e WHO Traditional Medicine Strategy 2014—
2023

e International Regulatory Cooperation for
Herbal Medicines (IRCH)

e Codex Alimentarius Guidelines

aim to bridge gaps between countries and ensure
safety and efficacy across borders [51].

Recommendations for Safer Herbal Use in
PD

To ensure the effective and safe integration of

herbal drugs into PD management, the following

measures are recommended:

1. Use standardized extracts validated for
active ingredients.

2. Monitor herb-drug interactions through
pharmacokinetic studies.

3. Conduct clinical trials specific to PD
populations.

4. Label clearly the concentration, source, and
excipients.

5. Train clinicians in integrative medicine
practices.

Report adverse events through pharmacovigilance
platforms
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Summary Table: Key Issues in Safety and Regulation

Aspect Issue Solution

Active compound | Seasonal and geographical | Standardized cultivation and processing

variability differences

Adulteration Mislabelling, synthetic drug | Randomized testing and lab analysis
addition

Interactions Herb-drug synergy or | Pharmacokinetic ~ studies;  patient
antagonism counselling

Regulatory gaps Different rules across countries | International harmonization through

WHO/EMA
Lack of data Insufficient clinical trials Research funding and multi-center trials
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Fig 2. Research Gaps in Herbal Therapy for PD

Chapter 5: Future Directions and Research
Gaps in Herbal Therapy for Parkinson’s
Disease

Introduction

Herbal therapy represents a rapidly expanding
domain within complementary and integrative
medicine for Parkinson’s disease (PD), owing to
its multifactorial pharmacological activity,
affordability, and patient appeal. However, the
current state of herbal drug use in PD is largely
empirical, under-researched, and inadequately
standardized. As global interest in plant-derived
neurotherapeutics grows, so does the need to
strengthen the scientific, clinical, and regulatory
infrastructure underpinning this field.

This chapter explores future research priorities,
potential  herbal  candidates, = emerging

technological tools, and policy strategies needed
to elevate herbal therapy from traditional
practice to scientifically validated clinical utility
in Parkinson’s disease.

Emerging Herbal Candidates with
Neuroprotective Potential

While herbs like Mucuna pruriens and Withania
somnifera have been studied extensively, there
is growing interest in novel botanicals that have
shown promising anti-inflammatory,
dopaminergic, and mitochondrial-protective
effects in PD models.

Centella asiatica (Gotu Kola)

This herb, known for cognitive enhancement,
has demonstrated protective effects against
oxidative stress-induced neuronal damage.
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Animal studies reveal its ability to enhance
dopamine levels and attenuate oa-synuclein
aggregation [52].

Tinospora cordifolia (Guduchi)

Known for immunomodulatory and antioxidant
properties, Tinospora extracts reduce glial
activation and protect dopaminergic neurons in
rotenone-induced PD models [53].

Salvia miltiorrhiza (Danshen)

This Chinese herb has shown potential in
reducing mitochondrial  dysfunction and
neuroinflammation, key pathologies in PD [54].
Its bioactive compounds, including tanshinones
and salvianolic acids, deserve further
exploration in PD clinical settings.

Nanotechnology and Drug Delivery in Herbal
PD Therapy

One of the major hurdles in herbal
pharmacotherapy is the poor bioavailability and
short half-life of most phytochemicals.
Nanotechnology offers a powerful platform to
overcome these challenges by:

e Enhancing solubility and membrane
permeability

e Ensuring targeted delivery to dopaminergic
neurons

e Reducing systemic toxicity
Curcumin Nanoformulations

Nano-curcumin formulations have demonstrated
superior brain penetration and antioxidant
activity in PD mouse models compared to
conventional extracts [55].

Ashwagandha-loaded nanoparticles

Researchers have developed Ashwagandha-
based lipid carriers that release withanolides in a
sustained manner, prolonging neuroprotective
effects in PD [56].

Herbal
Nanoform

Synergistic  Combinations in

Combinations like Curcuma longa + Piperine or
Ginkgo biloba + Panax ginseng are being

Journal of Biomedical and Pharmaceutical Research

investigated in encapsulated forms to amplify
efficacy and reduce required doses [57].

Omics-Based Insights and Systems Biology

Advanced tools such as genomics, proteomics,
metabolomics, and transcriptomics are being
used to uncover the molecular underpinnings of
PD and to evaluate the multi-target effects of
herbal formulations.

These techniques can:

e Identify herbal-induced changes in gene
expression (e.g., upregulation of antioxidant
enzymes)

e Discover biomarkers for responsiveness to
herbal treatment

Clarify mechanisms like a-synuclein degradation or
mitochondrial biogenesis

Such approaches can validate traditional herbal
knowledge through modern biomedical science
and enable precision herbal therapy [58]

Integration into Evidence-Based Clinical
Guidelines

For herbal drugs to be routinely recommended
in PD care, they must be incorporated into
neurology guidelines through:

e Systematic reviews and meta-analyses of
existing trials

e Multicenter randomized controlled trials
(RCTs)

e C(Collaboration between neurologists, herbal
scientists, and pharmacologists

Countries like China and India are already
developing integrative PD  management
protocols, where herbs complement levodopa or
dopamine agonists [59].

Gaps in Current Research

Despite decades of herbal usage, several key
areas remain underdeveloped:

Lack of High-Quality Clinical Trials

Most studies are small-scale, open-label, or lack
proper controls. Future trials must address:

e Larger sample sizes

19| Page



Tabassum et al.

e Longer duration (12+ months)
e Well-defined endpoints using UPDRS,
PDQ-39, and MoCA

Inadequate Standardization

Standardized extracts with defined
phytochemical concentrations are essential for
reproducibility. Variability in herbal content
leads to inconsistent results across studies [60].

Underexplored Non-Motor Symptoms

Many herbs show potential for treating cognitive
dysfunction, anxiety, and sleep disturbances, but
clinical trials often overlook these parameters.

Herb-Drug Interaction Studies

There is a severe paucity of robust
pharmacokinetic studies that explore how herbs
interact with levodopa, dopamine agonists, or
MAO-B inhibitors.

Poor Pharmacovigilance

Adverse effects of herbal therapies are
underreported. Establishing robust post-market
surveillance systems is necessary to detect long-
term risks and ensure patient safety [61].

Ethical and Intellectual Property Concerns

The increasing commercialization of herbal
drugs, especially in neurodegenerative disease
markets, raises ethical questions:

e Biopiracy and benefit-sharing: Traditional
knowledge from tribal or rural communities
must be ethically acknowledged.

e Patent protection: Unlike synthetic drugs,
herbal formulations often face challenges in
patentability due to their natural origin.

e Access and affordability: Pricing must be
regulated to ensure that herbal therapies
remain accessible to economically weaker
sections.

Organizations such as the Convention on
Biological Diversity (CBD) and the Nagoya
Protocol emphasize equitable use of traditional
medicinal resources [62].
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Educational and Policy Recommendations

For sustained progress in herbal PD therapy,
educational reforms and policy shifts are
needed:

e Medical curriculum updates to include
integrative neurology

e (Clinical fellowships in
neurotherapeutics

e Funding incentives for herbal research under
government and private grants

e C(Collaboration platforms between AYUSH
and Allopathy institutions

e Development of a global herb-drug
interaction database

Role of Artificial Intelligence (AI) and Data
Science

herbal

Al-based tools are now being used to:

e Predict drug-herb interactions

e Screen thousands of plant metabolites for
anti-Parkinsonian activity

e Model herb synergy using
pharmacology

network

Machine learning models can also assist in
analyzing big data from clinical trials and
electronic health records to validate the safety
and effectiveness of herbal remedies in real-time
settings [63].

Global
Consortia

Research  Collaborations and

International consortia such as:

¢ Global Parkinson’s Genetics Program (GP2)
e Traditional Medicine Strategy by WHO
e AYUSH-ICMR joint research programs

are fostering global data sharing, cross-validation,
and multicentric clinical trials involving both herbal
scientists and neurologists. These platforms can
bridge East-West paradigms in neuropharmacology
(64]
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Future Directions and Roadmap
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Area Future Direction
Clinical Research Multicentric, placebo-controlled trials in PD
Technology Nanotechnology, Al-driven herbal screening

Policy Harmonization of herbal drug regulations

Education Training in integrative neurology

Ethics Benefit-sharing with indigenous communities

Collaboration AYUSH + Allopathy + Global Neuroscience Networks
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