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Abstract: Neurodegenerative disorders comprise a group of debilitating conditions characterized by the
progressive deterioration of the structure and function of the human nervous system. Several
neurodegenerative diseases, including Alzheimer’s disease, Parkinson’s disease, motor neuron disease,
multiple system atrophy, and ataxia, are among the leading causes of mortality and long-term disability
worldwide. The fundamental mechanisms underlying these disorders involve genetic mutations, protein
misfolding, and the accumulation of toxic protein aggregates that disrupt normal cellular functions. Common
clinical manifestations include memory loss, motor dysfunction, behavioral alterations, and cognitive
impairment. Current therapeutic strategies primarily focus on symptomatic management and slowing disease
progression; however, they do not effectively target the underlying causes of neurodegeneration.
Consequently, there is a growing need for novel and more effective therapeutic approaches. Among the various
available treatment modalities, herbal medicines are emerging as promising alternatives. Numerous medicinal
plants, such as Panax quinquefolius L., Indian winter cherry (Withania somnifera), Brahmi (Bacopa monnieri),
Ginkgo biloba, and rosemary (Rosmarinus officinalis), have demonstrated significant potential in alleviating
neurological symptoms and providing neuroprotection in multiple studies. This chapter specifically focuses on
the role and therapeutic efficacy of medicinal plants in the management of neurodegenerative disorders.

Keywords: Neurodegenerative disorders, Alzheimer’s disease, Parkinson’s disease, Medicinal plants, Ginkgo
biloba, Rosemary.

1. Introduction

Neurons are the fundamental units of the human nervous system responsible for transmitting essential
information to various parts of the body. Progressive loss of neuronal structure and function results in a
pathological condition known as a neurodegenerative disorder. Among these, Alzheimer’s disease and
Parkinson’s disease are the most prevalent neurodegenerative disorders worldwide [1-2]. Other
neurodegenerative disorders include Huntington’s disease, amyotrophic lateral sclerosis (ALS), multiple
sclerosis, frontotemporal dementia, prion diseases, and Lewy body dementia (LBD) [3-4]. Neurodegenerative
disorders have become a global health concern, exerting a profound burden on healthcare systems, society,
and the economy. Community care systems face significant challenges in managing these conditions, as their
prevalence continues to rise. According to World Health Organisation reports, approximately 82 million
individuals are expected to be affected by dementia by 2030, with the number projected to increase to 152
million by 2050. Additionally, nearly 10 million people are currently living with Parkinson’s disease, a figure
anticipated to double by 2050 [5]. At present, no definitive cure exists for most neurodegenerative disorders.
Available therapeutic strategies are largely symptomatic, focusing on managing disease manifestations and
improving quality of life rather than addressing the underlying causes of neuronal degeneration. Figure 1
illustrates the formation of neurofibrillary tangles and their role in triggering neuroinflammation, ultimately
leading to cognitive decline and neuronal loss in the brain.
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Figure 1: Neurofibrillary tangles produce inflammation leading to cognitive and neuronal loss.

Timely and accurate diagnosis is crucial for implementing interventions that may significantly delay disease
progression, which can be achieved through the use of advanced biomarkers and neuroimaging techniques.
Furthermore, a comprehensive understanding of the biochemical pathways underlying neurodegenerative
disorders is essential for the development of targeted and effective therapeutic strategies [6-7]. Figure 2
illustrates the common mechanisms involved in neurodegeneration.
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Figure 2: Common neurodegeneration mechanism.
2. A Brief Apprehension of Neuroprotection

Neuroprotection represents one of the most critical approaches for managing neurodegenerative disorders and
neurological injuries [8]. It offers the potential to develop novel therapeutic strategies that preserve neuronal
structure and function, delay disease progression, and improve patient outcomes. However, achieving effective
neuroprotection requires a comprehensive understanding and strategic utilization of multiple neuroprotective
mechanisms [9]. Neuronal protection can be strengthened through several key approaches, as discussed below.

2.1 Slowing Disease Progression

Neurodegenerative disorders are characterized by a progressive loss of neuronal number and function [10]. By
protecting neurons from damage, disease progression can be slowed, thereby preserving cognitive and motor
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functions and ultimately enhancing the quality of life of affected individuals [11]. Several therapeutic strategies
contribute to this process, including inhibition of amyloid- formation and accumulation, stabilization and
clearance of tau proteins, antioxidant therapy, analgesic intervention, protection of dopaminergic neurons, and
inhibition of a-synuclein aggregation. These approaches collectively support the restoration and maintenance
of neuronal integrity and function [11-13].

2.2 Prevention of Neuronal Loss

Neurons are the primary messengers responsible for transmitting information from the brain to the rest of the
body. Unlike many other cell types, neurons possess a limited regenerative capacity, making their preservation
essential. Neuroprotection can be achieved by maintaining synaptic connectivity, preserving functionally
similar neuronal populations, reducing pathological proliferation, delaying symptom onset, and employing
disease-modifying therapies. Additionally, regenerative approaches such as stem cell therapy, along with
antioxidant treatment, anti-inflammatory agents, and neurotrophic support, play a significant role in preventing
neuronal loss [14-16].

2.3 Enhancement of Recovery

Acute conditions such as stroke, traumatic brain injury, and spinal cord injury result in rapid and severe
neuronal damage. A primary objective of neuroprotection in these conditions is to limit initial injury and
promote endogenous recovery mechanisms, thereby improving overall functional outcomes. Neuroprotective
strategies include mitigation of secondary injury, regulation of glutamate and calcium homeostasis, reduction
of oxidative stress through antioxidant therapy, enhancement of mitochondrial function, use of anti-
inflammatory drugs, gene therapy, stem cell-based interventions, strengthening of synaptic plasticity,
promotion of angiogenesis, and stabilization of the blood—brain barrier [16-18]. Figure 3 illustrates the cellular
pathways leading to neuronal death following traumatic brain injury.
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Figure 3: Cell Death occurs Due to Traumatic Brain Injury;
2.4 Improvement of Quality of Life

Neurodegenerative disorders significantly impair cognitive and motor functions, profoundly affecting patients’
quality of life. By limiting initial neuronal damage and facilitating repair mechanisms, neuroprotection can
substantially improve daily functioning and independence. Cognitive and motor performance can be enhanced
by reducing tau pathology and amyloid-p plaque burden, preserving synaptic health, maintaining
neurotransmitter balance, protecting neuronal populations, and targeting brain regions such as the
hippocampus and amygdala. Additional strategies include safeguarding dopaminergic neurons, supporting
overall brain function, and maintaining cognitive and motor abilities. Through these combined mechanisms,
neuroprotection plays a vital role in improving quality of life, autonomy, and overall well-being [18-21].

2.5 Reducing Economic Burden

Individuals affected by neurodegenerative disorders require long-term medical care, continuous medication,
and assisted support, which collectively impose a substantial financial burden on patients as well as their
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families. The availability of effective and affordable therapeutic strategies can significantly reduce healthcare
expenditures. Economic burden may be minimized through improved management of chronic conditions,
reduction in long-term nursing and hospitalization costs, preservation of cognitive and motor functions, and
the use of cost-effective therapeutic interventions. Therefore, the development of novel, affordable, and
efficacious treatment approaches is essential not only for alleviating financial strain but also for advancing
effective pharmacological management of neurodegenerative disorders [22-24].

3. Significance of Medicinal Plants in Treating Neurodegenerative Disorders

Ancient civilizations possess a rich and diverse history of using natural herbs to treat a wide spectrum of
diseases. Traditional medical systems such as Ayurveda, Unani, Siddha, Traditional Chinese Medicine,
Traditional Iranian Medicine, and Medieval Islamic Medicine have long utilized medicinal plants to manage
various ailments, including neurodegenerative disorders. Medicinal plants are rich sources of biologically
active compounds such as flavonoids, terpenoids, alkaloids, and polyphenols, many of which exhibit potent
neuroprotective properties. Several plants, including Curcuma longa, Ginkgo biloba, Camellia sinensis,
Withania somnifera, Lycopodium serratum Thunb., Bacopa monnieri (water hyssop), and Rhodiola rosea
(golden root), have demonstrated significant neuroprotective potential in numerous experimental and clinical
studies [25-29].

3.1 Antioxidant action

Oxidative stress caused by excessive free radical generation is a major contributor to neuronal damage in
neurodegenerative disorders. Several medicinal plants, including Curcuma longa and Ginkgo biloba, possess
strong antioxidant properties that help neutralize free radicals and attenuate oxidative stress, thereby protecting
neurons from damage [19, 30-32].

3.2 Anti-inflammatory action

Neuroinflammation is a hallmark feature of neurodegenerative diseases. Medicinal plants such as Ginkgo
biloba and Camellia sinensis have demonstrated significant anti-inflammatory activity, which contributes to
the reduction of inflammation-mediated neuronal damage and disease progression [11, 31].

3.3 Neurotransmission Regulation

Certain herbs, including Bacopa monnieri and Lycopodium serratum Thunb., play a crucial role in enhancing
cholinergic neurotransmission, which is essential for maintaining cognitive function. These plants increase
acetylcholine levels, thereby improving learning, memory, and overall cognitive performance [33-35].

3.4 Reinforcement of Mitochondrial Function

Plant-derived bioactive compounds from Withania somnifera and Rhodiola rosea have been shown to improve
mitochondrial function, leading to enhanced cellular energy production. Improved mitochondrial efficiency
supports neuronal survival, growth, and optimal cellular function, thereby contributing to neuroprotection [36-
37].

3.5 Inhibition of amyloid plaques and Tau tangles formation

The accumulation of amyloid-f§ plaques and tau neurofibrillary tangles represents the pathological hallmark of
Alzheimer’s disease. Medicinal plants such as Panax ginseng and Centella asiatica have demonstrated the
ability to inhibit the formation and aggregation of amyloid plaques and tau tangles, thereby slowing disease
progression and preserving neuronal function [38-40].

4. Important Medicinal Plants and Their Active Constituents

Nature is a rich repository of therapeutic resources, offering a wide array of medicinal plants with remarkable
healing potential. Numerous herbs have been traditionally and scientifically recognized for their efficacy in
managing neurodegenerative disorders. This section discusses some of the most important medicinal plants
and their bioactive constituents that contribute to neuroprotection.
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4.1 Withania somnifera

Withania somnifera, commonly known as Ashwagandha, Indian ginseng, winter cherry, or gooseberry, is a
well-known medicinal plant in traditional medicine. It contains several key phytoconstituents, including
alkaloids, tannins, starch, saponins, withanolides, anaferine, and sitoindosides, which exhibit potent anti-stress
and rejuvenating properties. Numerous studies have reported its beneficial effects on the brain, including
memory enhancement, improvement of cognitive functions, attenuation of inflammation, and promotion of
neuronal growth and regeneration [41-43].

4.2 Bacopa monnieri

Bacopa monnieri, widely known as Brahmi, Indian pennywort, herb of grace, water hyssop, and gotu kola, is
regarded as one of the most prominent neuroprotective herbs. The plant is rich in essential phytoconstituents
such as glycosides, flavonoids, alkaloids, saponins, and bacosides A and B. Owing to these compounds, 5.
monnieri enhances memory and learning ability, alleviates stress and anxiety, improves cognitive performance,
and regulates neurotransmitter levels [44-46].

4.3 Panax ginseng

Panax ginseng, commonly referred to as Asian ginseng, Chinese ginseng, Korean ginseng, or Siberian ginseng,
is a well-established medicinal herb with neuroprotective potential. Its major bioactive constituents include
ginsenosides, phenolic acids, alkaloids, and polysaccharides. These phytochemicals contribute to its ability to
preserve cognitive function, reduce oxidative stress, and exert anti-inflammatory effects, thereby playing a
significant role in the management of neurodegenerative disorders [47-49].

4.4 Ginkgo biloba

Ginkgo biloba, commonly known as the maidenhair tree, is one of the most widely used herbal remedies for
cognitive enhancement. The plant contains bioactive compounds such as ginkgolides, bilobalide, biflavones,
and ginkgoghrelins, which are responsible for its memory-enhancing and stress-relieving properties.
Additionally, G. biloba improves cerebral blood flow, thereby strengthening brain function and offering
protection against neurodegenerative disorders [50-51].

4.5 Rosmarinus officinalis

Rosmarinus officinalis (rosemary) is native to the Mediterranean region and is well known for its aromatic
properties. Due to its pleasant aroma, rosemary is extensively used in culinary practices worldwide. The plant
contains several bioactive compounds, including rosmarinic acid, bornyl acetate, camphor, borneol, carnosol,
carnosic acid, and 1,8-cineole. Rosemary exhibits strong antioxidant and anti-inflammatory activities and has
been shown to enhance cognitive performance, making it a promising neuroprotective agent. Several studies
have demonstrated its therapeutic potential against neurodegenerative disorders, with different
phytoconstituents exerting distinct biological actions [52-55].

4.5.1 Brain-boosting properties

Rosmarinic acid and carnosic acid are the principal phytoconstituents responsible for rosemary’s antioxidant
activity, effectively scavenging free radicals and reducing oxidative stress, thereby protecting neurons from
injury. Additionally, 1,8-cineole exhibits notable anti-inflammatory effects. Rosemary also promotes neuronal
differentiation and growth and enhances learning and memory by modulating cholinergic neurotransmission
[56-57].

4.5.2 Prevention of Neurodegeneration
The neuroprotective potential of rosemary against neurodegenerative diseases such as Parkinson’s disease,
Alzheimer’s disease, and dementia has been well documented. Rosemary inhibits the formation and

aggregation of amyloid-p plaques, which are responsible for neuronal damage. Furthermore, it helps reduce
tau protein tangles, a characteristic pathological feature of Alzheimer’s disease [56-58].
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4.5.3 Intensification of the Brain Repairing Process

Since neurons are primary targets in neurodegenerative disorders, maintaining their integrity and function is
critical. Rosemary has been shown to stimulate neuronal survival and enhance neuronal function, thereby
slowing disease progression and supporting brain repair mechanisms [58].

5. Mechanisms of Action of Neuroprotective Ayurvedic Herbs

Ayurvedic herbs exhibit multiple pharmacological properties, including antioxidant, anti-inflammatory,
neurotransmitter-modulating, oxidative stress—regulating, and anti-protein aggregation activities, all of which
are critically involved in the pathogenesis of neurodegenerative disorders. The combination of various natural
herbs possessing these properties can lead to the development of potent neuroprotective agents.

5.1 Anti-oxidant Action

Oxidative stress is one of the major contributors to neuronal damage in neurodegenerative disorders. Several
phytoconstituents derived from medicinal plants protect neurons against oxidative stress through multiple
mechanisms.

5.1.1 Free Radicals Scavengers

Free radicals, particularly reactive oxygen species (ROS), cause severe damage to neuronal cells by disrupting
cellular components. Natural herbs possess antioxidant compounds that neutralize these free radicals, thereby
preventing oxidative damage to neuronal structures [59].

5.1.2 Intensification of Endogenous Antioxidant Fortification

The human body contains key antioxidant enzymes such as catalase, superoxide dismutase, and peroxidase
that regulate oxidative balance. Plant-derived antioxidant phytoconstituents enhance the activity of these
enzymes, leading to efficient neutralization of ROS. For instance, carnosic acid present in rosemary acts as a
powerful antioxidant agent by strengthening endogenous antioxidant defense mechanisms [60-62].

5.2 Anti-inflammatory Action through Impeding Pro-inflammatory Cytokines

Pro-inflammatory cytokines such as TNF-o, IL-1P, and IL-6 play a central role in neuroinflammation.
Phytoconstituents like curcumin and rosmarinic acid effectively suppress the production of these cytokines,
thereby reducing inflammation and neuronal damage [63-65].

5.3 Altering Neurotropic and Neurotransmitter Functions

Normal brain functioning depends on balanced neurotrophic and neurotransmitter activity. By regulating these
pathways, neurodegenerative processes can be attenuated [66-67].

5.3.1 By Targeting Dopamine & Serotonin Functioning

Imbalance in dopamine and serotonin levels is commonly observed in neurodegenerative and neuropsychiatric
disorders. Bacosides, the principal phytoconstituents of Bacopa monnieri (Brahmi), help maintain the balance
of these neurotransmitters and support their optimal functioning in the brain [68-70].

5.3.2 Intensifying levels of Acetylcholine

Acetylcholine is a key neurotransmitter involved in learning and memory. Several herbs contain
phytoconstituents that elevate acetylcholine levels or inhibit acetylcholinesterase activity, thereby improving

memory and cognitive performance [71-72].

5.3.3 Intensifying Levels of Brain-Derived Neurotrophic Factor and Nerve Growth Factor
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Brain-derived neurotrophic factor (BDNF) and nerve growth factor (NGF) play essential roles in neuronal
growth, survival, and synaptic plasticity. Herbs such as Brahmi and Ashwagandha have been shown to
significantly enhance the levels of these neurotrophic factors, thereby supporting neuronal viability and
regeneration [73-74].

5.4 Targeting Oxidative Stress Mechanism

Several medicinal plants contain phytoconstituents capable of attenuating oxidative stress, which directly
influences neuronal survival and functional integrity [75-76].

5.4.1 Preventing Alterations in Proteins and DNA

Phytoconstituents protect cellular proteins and DNA from oxidative damage, thereby preserving normal
cellular functions and preventing neuronal injury [77].

5.4.2 Staving off Cell Membranes

Cell membranes, composed primarily of lipids and proteins, are particularly vulnerable to oxidative damage.
Resveratrol, a phytoconstituent obtained from grapes, effectively inhibits lipid peroxidation, thereby protecting
neuronal membranes and maintaining cellular integrity [78].

5.5 Impeding protein Cluster Formation

Protein aggregation, including the formation of amyloid-B plaques and tau tangles, is a hallmark of
neurodegenerative disorders. Rosmarinic acid has been shown to inhibit the formation of these protein
aggregates and enhance their clearance, thereby slowing disease progression [79-80].

6. Clinical Trials and Research Studies

Several experimental studies have evaluated the neuroprotective potential of rosemary. Administering 20 mg
of rosemary extract intraperitoneally to mice daily for five days showed significant improvements in both
motor and cognitive functions [81]. In another study, Positive behavioral outcomes were noticed in mice with
scopolamine-induced Alzheimer’s disease following treatment with rosemary essential oil [82]. Carnosol, one
of the major bioactive constituents of rosemary, exhibits strong antioxidant and anti-inflammatory properties.
The protective effects of carnosol on SN4741 dopaminergic neuronal cells, highlighting its potential role in
neuroprotection [83].

7. Integration of Herbal Remedies with Conventional Therapies

Several studies reported in the literature demonstrate that the integration of naturally derived compounds with
conventional pharmacological therapies can produce superior therapeutic outcomes. Such combinations often
enhance efficacy while reducing adverse effects.

7.1 Combination of Donepezil and Ginkgo biloba

Research has shown that the combination of the conventional drug donepezil with Ginkgo biloba extract yields
enhanced therapeutic benefits. This combination was found to be more effective in the management of
Alzheimer’s disease and exhibited fewer adverse effects compared to treatment with donepezil alone [84].
7.2 Combination of Amitriptyline and Curcumin

In one study, the combined administration of amitriptyline and curcumin resulted in a significant reduction in
immobility time in both the Forced Swim Test and Tail Suspension Test. This combination improved
locomotor activity compared to amitriptyline monotherapy. Additionally, a synergistic antidepressant and

anxiolytic effect was observed, accompanied by reduced side effects [85].

7.3 Combination of Diazepam and Bacopa monnieri (Brahmi)
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An experimental study revealed that both diazepam and Brahmi individually influence the activity of
acetylcholinesterase (AChE), potassium, magnesium, calcium, and ATPases, leading to reduced acetylcholine
levels. When administered together, these agents exhibited significant synergistic effects in the treatment of
epileptic conditions, with a marked reduction in adverse effects [86].

7.4 Combination of Selective Serotonin Reuptake Inhibitors and Rosemary

In a clinical trial involving patients with depression and anxiety receiving selective serotonin reuptake inhibitor
(SSRI) therapy, concurrent oral administration of rosemary capsules led to significant behavioral
improvement. These findings suggest that SSRIs may be more effective when used as adjunct therapy with
rosemary rather than as monotherapy [87]. Collectively, these studies indicate that combining herbal remedies
with conventional drugs can provide robust therapeutic strategies for neurodegenerative disorders, offering
enhanced efficacy with fewer side effects. Such integrative approaches warrant broader application and further
investigation.

8. Challenges Associated with Herbal Remedies

Despite the significant potential of herbal medicines in the treatment of neurodegenerative disorders, several
challenges remain. These include issues related to standardization, adulteration, limited clinical trial data,
regulatory constraints, marketing difficulties, insufficient research and development, lack of trained personnel
and infrastructure, and inefficient cultivation and propagation practices [88]. Government agencies and
regulatory authorities must address these challenges to facilitate the development of effective, safe, and
standardized herbal therapies, which often demonstrate fewer side effects compared to conventional
treatments.

9. Conclusion

Herbal therapeutic approaches hold considerable promise in the management of neurodegenerative diseases,
as they enhance cognitive and motor functions while improving overall quality of life. These remedies may
also slow disease progression through their multifaceted neuroprotective mechanisms. Continuous and
rigorous research on rosemary and other medicinal plants is essential to identify novel and effective treatments
for neurodegenerative disorders. Furthermore, the development of integrative therapies combining herbal
medicines with conventional drugs may lead to more efficacious treatment strategies, paving the way for
improved clinical outcomes in neurological disorders.
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