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“Phytochemicals and neuroprotection in neurological disorders: mechanisms, preclinical evidence, and challenges”

Abstract
Neurodegenerative or neurological diseases (NDs) are conditions that lead to progressive loss of normal nerve function. These conditions affect the brain, spinal cord, and peripheral nervous system, often presenting symptoms like impaired cognition, movement disorders and sensory disturbances along with possible cardiovascular complications. This paper summarises neurodegenerative diseases and explores the therapeutic potential of medicinal plants, drawing on evidence from preclinical and clinical trials. Neurological diseases are driven by a complex interplay of oxidative damage, mitochondrial dysfunction, protein misfolding and chronic neuroinflammation. Medicinal plants contain various bioactive compounds that are attributed to treating various neurological ailments. These plants hold a central place in traditional medicine. Acorus calamus, Centella asiatica, Curcuma longa, and Withania somnifera are some of the medicinal plants that are used in treating neurological diseases. Despite advances in synthetic drugs, the presence of natural compounds in medicinal plants poses a great potential for therapy and treating various neurodegenerative disorders. Studies pertaining to medicinal plants therapeutics are generally small, short-term and methodologically heterogeneous, with variations in plant species, extracts and dosages. Moreover, safety profiles, drug interactions and mechanistic data in humans are largely under-investigated, restricting their clinical applicability.
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Introduction
Neurological diseases (NDs) or neurodegenerative diseases are diseases that causes gradual loss of normal nerve function. It is characterised by the slow deterioration of the nerve cells, impacting the brain, spinal cord and peripheral nerves. These diseases exhibit primary neurological symptoms like cognitive impairment, motor difficulties and sensory deficits and secondary effects on the cardiovascular system (Ozturk, 2024). The occurrence of neurological diseases has significantly increased over the past few decades. Globally, they are the leading cause of disability and ranked second as causes of death following cardiovascular diseases (Feigin et al. 2020). Study from Global Burden of Disease (GBD) estimates that 43.1 % of the population worldwide was affected by neurological disorders in 2021, representing 3.4 billion people. Around 11 million deaths occurred from these conditions (Steinmetz et al. 2021). Parkinson's disease (PD), multiple sclerosis (MS), dementia, epilepsy, and migraines are the common types of neurological diseases that affect global morbidity and mortality rates significantly (Iqbal et al. 2024). Migraines affect about one billion people in the world, making it the most prevalent neurological condition (Ashina et al. 2021). Approximately 50 million people across the globe are impacted by epilepsy, with nearly 80% cases occurring in low and middle-income countries (Singhi and Gupta, 2021). About 50 million people suffer from dementia globally, with nearly 10 million new diagnoses annually and Alzheimer’s disease (AD) represents the most common form of dementia (Liu et al.2021; Vogt et al.2023). It is estimated that over 6 million people are living with PD worldwide (Dorsey et al. 2018), while more than 2.3 million people are impacted by MS. Stroke ranks second as the leading cause of death and third leading cause of disability worldwide (Liang et al.2023; Reynolds et al.2018). It is reported that over 13 million new cases of stroke are prevalent annually (Giofre et al. 2020). In 2016, 16 % of global total mortality was caused by neurological diseases, which accounted for 9 million deaths. Stroke, AD and other dementias were the deadliest among low and middle-income countries (Feigin et al. 2017), where stroke alone accounted for 67% and AD and other dementias impacting 20% of these deaths (Norton et al. 2011).
The prevalence of NDs has risen in the 21st century, largely due to the increase in the ageing population. This elderly population poses significant social and economic challenges, contributing to a sharp rise in age-related diseases. Current studies indicate that ageing is linked to a higher risk of developing a range of disorders and disabilities, including cancer, cardiovascular diseases, and neurological disorders (Niccoli and Partridge2012). Although the etiology of neurological disorders varies and involves complex multifactorial factors, inflammation, particularly neuroinflammation, appears to be the common underlying cause (DeMaio et al.2022).
Besides making the central nervous system (CNS) more susceptible to age-related damage, inflammation also intensifies the cycle of age-related CNS decline. Ageing and development of neurodegenerative diseases in mature adults appear to share similar pathways, with inflammation playing a central role in both. Modern lifestyles have led to increased lifespan; however, due to greater exposure to pro-inflammatory sources, it has led to numerous health challenges (Gurusamy and Rajasingh 2019). Although there is an upward trend in life expectancy, projections indicate that this trend may be reversed in future generations due to the rising prevalence of chronic diseases (Anderson and Durstine, 2019). Rise in chronic diseases is attributed to lifestyle changes such as sedentary behaviour, consumption of processed foods and drugs, elevated psychological stress and openness to environmental pollutants and pesticide residues in food (Ganu et al. 2012). The choices of one’s lifestyle significantly contribute to the likelihood of developing neurological disorders (Chin-Chan et al. 2015).
Alzheimer’s disease (AD), being one of the most common forms of dementia, is a neurocognitive disorder, leading to memory loss and behavioural changes that hamper daily activities. It is estimated that nearly 50 million people are affected by AD. As per the World Health Organisation, AD is expected to rise to 152 million by 2050 (Li et al. 2022). In low and middle-income countries, the prevalence of AD is projected to reach 58% by 2030 and 63% by 2050, and could further increase to 68%. South Asian countries, China and India, which see a new case of Alzheimer’s disease every four seconds, are anticipated to have the highest rates of this disease. Currently, it is reported that 4 million cases of AD are prevalent in India (Sathianathan and Kantipudi, 2018). Early clinical signs of AD often include short-term memory loss, psychiatric symptoms, cognitive dysfunctions, physical disability, behavioural problems, and early mortality (Binda et al. 2020). Gradual memory loss, poor managerial tasks and challenges in performing daily activities are key symptoms of AD (Tarawneh et al.2012). Epilepsy, a chronic neurological condition marked by the temporary occurrence of excessive, abnormal and synchronised neuronal activity in the brain, is linked to a range of neurological, cognitive and psychological symptoms and signs (Trinka et al. 2015). Nuerocysticerosis, road traffic accidents, malaria and child-related trauma are some of the prevalent risk factors that give rise to epileptic conditions. It is a long-term condition that profoundly affects the central nervous system (Opiyo,2024) and impairs the quality of life, with new diagnoses of 5 million cases annually (Singh and Sander, 2020; Bankole et al.2024). It is estimated that over 50 million people worldwide are affected by epilepsy, and approximately 5-8% of the general population have at least one seizure in their lifetime (Newton and Garcia 2012).   Reports state that around 80% of epilepsy affected individuals reside in low and middle-income countries. It is estimated that the rate of new epilepsy cases is 49 per 100,00 and 139 per 100,000 in high-income and low-income countries (Levira et al. 2017). Multiple sclerosis (MS) is also one of the neurodegenerative diseases, characterised by a chronic, inflammatory, autoimmune, demyelinating response that affects the central nervous system (CNS) (De Meo et al.2025). It predominantly affects young, active individuals and is the leading cause of non-traumatic, irreversible neurological disability (Nikolova et al. 2025). Prevalence of MS has increased since 2013, with around 2-8 million cases worldwide. It is reported that about 50 % of persons with multiple sclerosis (MS) experience depressive problems (Jafar et al. 2025). As per the recent edition of the Multiple Sclerosis Atlas, people affected by MS globally showed an increase in number from 2-8 million in 2020 to 2.9 million in 2023 (Nikolova et al. 2025). 
Although there have been advancements in modern medicine for neurological disorders, current pharmacological therapies still encounter numerous challenges. Patients experience inadequate and suboptimal responses to current treatments (Tambasco et al. 2018) with several medications coming up with notable side effects like gastrointestinal distress (Andriolo et al.2024), liver impairment (Roberti et al.2020) and cognitive dysfunctions (Dassanayake et al. 2012). Additionally, issues like drug resistance hinder the long-term efficacy of medicines (Kruizinga et al. 2021). These obstacles emphasised the critical need for efficient, safe and tailored treatment options (Meng et al. 2025). Since the beginning of mankind, medicinal plants have been utilised for the treatment of various illnesses across the globe. Natural products have garnered significant interest and played a key role in developing new medications. These medicinal plants support the health of the brain's neuronal neurotransmitter systems (Nagori et al. 2023). For various reasons, people are drawn towards medicinal plants or herbal medicines for their quality, safety and effectiveness. Additionally, the belief that chemically manufactured products are inferior to herbal alternatives affects the choice of going for natural products (Lee et al.2022). 
Review Methodology
In view of the rising prevalence of neurodegenerative diseases and the increasing number of affected individuals, particularly among older generations, this study aimed to summarise current evidence to elucidate disease mechanisms and findings from recent clinical trials. A comprehensive literature search was conducted using electronic databases to identify studies investigating the therapeutic potential of phytochemicals derived from medicinal plants in neurological disorders. The databases searched included PubMed, ScienceDirect, Google Scholar, Web of Science and ResearchGate.
Mechanism behind neurodegenerative diseases
Oxidative damage and mitochondrial dysfunction
It arises from a significant imbalance between the production of reactive oxygen species (ROS), reactive nitrogen species (RNS) and antioxidant defences of the body. It is the harm that is inflicted on biomolecules during oxidative stress (Halliwell and Gutteridge, 2015).  Research reveals that in neurodegenerative conditions, elevated levels of ROS and compromised mitochondrial function are exhibited in the brain (Swerdlow, 2018). Oxidative stress can impact the survival of neurons and synaptic connections in the nervous system, potentially leading to neuronal death and cognitive decline (Martinez-cue and Rueda, 2020). Studies have reported that oxidative stress plays a major role in the progression of diabetes, which is believed to increase the risk of Alzheimer’s disease (AD). Evidence of ROS-mediated injury is exhibited in AD patients, wherein levels of malondialdehyde and 4-hydroxynonenal are elevated in the brain and cerebrospinal fluid as compared to controls (Lovell et al. 1995). While the cerebellum part of the brain remains unaffected, protein carbonyl groups are increased in the frontal and parietal cortices. Higher presence of hydroxylated guanine is also present in AD (Gandhi and Abramov, 2012). Similarly, dopaminergic neurons in the substantia nigra contribute to significant mitochondrial dysfunction and oxidative damage in Parkinson’s disease (PD) (Schapira et al. 1990). Mitochondria, being one of the vital organelles for cellular energy metabolism, produce adenosine triphosphate (ATP) via oxidative phosphorylation, which is crucial for regulating cellular calcium balance, apoptosis and oxidative stress that helps maintain neuronal function and survival (Naseem et al. 2020). Mitochondrial dysfunction is now recognised as a key contributor to neurodegenerative diseases (Sajal, 2024). In Parkinson’s disease, malfunction of the electron transport chain (ETC) is notably demonstrated as a key mitochondrial defect, characterised by abnormalities such as impaired mitochondrial respiratory defect, reduced ATP production and accumulation of ROS (Ahmad and Hussain, 2023), which can be caused by factors; genetic mutations and environment (Mahar et al. 2025). 
Protein misfolding and neuroinflammation
Proteins are the main functional agents in biological systems, which are essential for cellular processes. It is composed of polymers of small units, amino acids (Krokidis et al. 2024). Misfolding and aggregation of specific proteins are often entailed in neurodegenerative conditions, which result in abnormal and detrimental structures (Sweeney et al. 2017) and inevitably lead to synaptic dysfunction, loss and ultimately neuronal cell death (Surguchov and Surguchev, 2022). Dysregulation of proteostasis is a hallmark of misfolding disease protein (Cuanalo-Contreras et al. 2013). These misfolded proteins mainly cause damage through toxic gain-of-function, including neurotoxic signalling, synaptic deficit, proteasomal disruption or lysosomal degradation, impaired axonal transport and dominant-negative mechanisms such as increased susceptibility to stress, mitochondrial dysfunction and disrupted synaptic dynamics (Winklhofer et al. 2008). In Alzheimer’s disease, the presence of amyloid- β (Aβ) plaques and buildup of hyperphosphorylated tau are characteristics of protein misfolding (Mattsson et al. 2016). These neurotoxic amyloid-β (Aβ) peptides contribute to neurodegeneration, while the phosphorylated form of tau (p-tau) gets accumulated into neurofibrillary tangles (Zhang et al. 2012). Persistent accumulation of Aβ or p-tau in AD development leads to Endoplasmic Reticulum (ER) calcium dyshomeostasis, ER stress and aberrant protein folding. It is reported that Tau inhibits the ER-associated degradation pathway, which results in improper protein folding in the ER (Cheng et al. 2025).
Inflammation in the body is a protective response that works to repair and regenerate damaged tissues or cells, while also eliminating infectious agents, parasites or toxins (Kulkarni et al.2016). Neuroinflammation is associated with both the cause and consequence of chronic oxidative stress, which is a defining trait of all neurodegenerative diseases. This leads to structural changes in genetics, as well as alterations in lipids, which result in neurodegeneration ultimately (Chen et al. 2016). Neuroinflammation in the brain begins as a protective response, but when in excess, it becomes harmful and actually prevents neuronal regeneration (Russo and McGavern, 2016). Chronic neuroinflammation contributes to the onset and progression of neurodegenerative conditions such as Alzheimer’s disease (AD), Parkinson’s disease (PD) and Multiple Sclerosis (MS) (Chen et al. 2016).
Traditional and Ayurvedic Medicinal plants used in neurological diseases
Curcuma longa (Turmeric)
Curcuma longa, also known as turmeric, is renowned for its anti-inflammatory, antioxidant and neuroprotective properties, which make it a promising therapeutic agent for neurodegenerative diseases such as Parkinson’s disease. Curcumin, the main active compound present in turmeric, has a long history in traditional medicine, especially in Ayurveda and Chinese medicine for treating a variety of conditions, including inflammation and digestive issues (Gaikwad et al.2025). It is reported to inhibit key inflammatory pathways, including NF-kB and COX-2, which contribute to Parkinson's disease (Gupta et al. 2017). It acts as an antioxidant, neutralising reactive oxygen species (ROS) and reducing oxidative stress, and also enhances neurotrophic factors like Brain-Derived Neurotrophic Factor (BDNF), which support neuronal survival and regeneration. In addition, other curcuminoids such as demethoxycurcumin and bisdemethoxycurcumin are also used for therapeutic purposes. Similarly, turmerone, which is a volatile oil present in turmeric, offers neuroprotective benefits (Gaikwad et al. 2025).
Panax ginseng
Ginseng, a medicinal herb native to Korea and China, is treasured for its healing properties since ancient times and is mostly used for treatment of various ailments, including cancer, neurodegenerative disorders, hypertension and diabetes (Ratheesh et al. 2017). It is remarkably versatile for its rich bioactive compounds that underpin its therapeutic benefits. Ginsenosides, which is the primary active compounds, classified as triterpenoid saponins (Choi et al. 2021), are abundantly present throughout P. ginseng, with the roots especially rich in their bioactive forms (Karmazyn and Gan, 2021). This plant has gained significant interest due to promising pharmacological properties, emphasising its potential for future research and clinical use (Li et al. 2021).
Ginkgo biloba
In recent years, Ginkgo biloba has attracted considerable interest for its unique pharmacological properties and highlighted the potential clinical value in treating various neurological-related diseases (Zhu and Liu, 2024).  Being a well-studied and widely used herb for managing cognitive impairment, its potential effectiveness is primarily linked to its antioxidant and antiapoptotic properties (Canevelli et al.2014). Terpenoids, particularly the primary sesquiterpene bilobalide and ginkgolides, the main diterpenes, are the key active compounds present in Ginkgo biloba (Nowak et al. 2021). The presence of flavonoids, terpenoids and organic acids in this plant contributes to neuroprotective effects (John et al. 2022). It is reported that Ginkgo biloba extract (GBE) is effective in treating ischemic cerebrovascular disease (ICVD) (Yu et al. 2021). In Alzheimer’s patients, it has shown to improve cognitive function by enhancing oxygen supply to the brain and supporting the elimination of free radicals, which in turn helps boost memory. The leaves of this plant are used for treating cognitive impairment, which contain a range of important compounds, including flavonoids, steroids (such as stigmasterol and sitosterol), organic acids (like ascorbic acid, shikimic acid, and vanillic acid), ginkgolides, bilobalide, and other terpenoids (Kumar and Khanum, 2012). Similarly, flavonoids found in Ginkgo biloba play a crucial role in protecting the brain from oxidative and peroxidative damage associated with Alzheimer’s disease (Bordoloi et al. 2024).
Withania somnifera
Commonly known as Ashwagandha, this plant has been used traditionally as an ayurvedic herb for centuries due to its anti-inflammatory, antioxidant and anti-stress properties (Ratheesh et al. 2017). It also has neuroprotective effects, boosts immunity and enhances memory and cognitive function (Khan et al.2009). Alkaloids (somniferinine and withanine), flavonoids, glycosides (Sitoindosides VII) and withanolides- steroidal lactone compounds are the therapeutically active phytochemical compounds present in W. somnifera (Shinde et al. 2023).
Centella asiatica
Centella asiatica (CA), also known as Gotu kola or Asian pennywort, has a long-established use in Ayurvedic and traditional Chinese medicine (Wahyuni et al.2025) for its wide range of biological properties such as anti-cancer, wound-healing, anti-bacterial, antidiabetic, anti-inflammatory and antioxidant. It is also highly regarded for its cognitive -enhancing effects (Bansal et al. 2024). Bioactive constituents- Asiaticoside, Centelloside, Madecassoide and Asiatic acid, all of which are classified under triterpenoid saponins, are the phytochemicals widely recognised for their notable neurotonic properties, with promising potential in boosting cognitive performance and alleviating anxiety (Halagali et al.2024).  Enhanced neuroregenerative effects along with remarkable antioxidant activity exhibited by the crude extract of Centella asiatica, implying a synergistic action of its phytochemical constituents, which denotes potential for treating oxidative stress-related diseases such as Alzheimer’s disease (Ibrahim et al. 2023).
Clitoria ternatea
Clitoria ternatea (CT), commonly referred to as butterfly pea or Asian pigeon wings, has been utilised extensively in traditional medicine, particularly within Ayurveda, as a supplement to enhance cognitive abilities and alleviate symptoms of various ailments, including fever, inflammation, pain and diabetes (Ashraf et al.2024). Studies indicate that CT extract exhibits diuretic, nootropic, antiasthmatic, anti-inflammatory, analgesic, antipyretic, antidiabetic, antilipidemic, anti-arthritic, antioxidant, and wound healing properties (Bhat et al.2025). Pentacyclic triterpenoids like taraxerol, taraxerone, ternatins, alkaloids, flavonoids, saponins, tannins and anthocyanins are a diverse range of phytochemicals possessed by the plant (Kosai et al. 2015). Research reveals that methanolic extract from aerial parts of CT show anticonvulsant activity by delaying seizure onset, indicating that C. ternatea holds promise as a potential antiepileptic agent (Raut et al. 2025).
Bacopa monnieri
Bacopa monnieri (L.), commonly known as Brahmi, is a small perennial herbaceous plant that holds significant importance in traditional Indian Ayurvedic medicine. It has been revered for its memory-enhancing properties for over 3000 years (Gohil and Patel, 2010). Traditionally, it is utilised for treating nervous system disorders, aiding digestion, boosting learning, concentration and memory, as well as providing relief from anxiety and skin conditions. Specifically, its therapeutic applications include asthma treatment, epilepsy and mental disorders (Jeyasri et al.2020). The main bioactive compounds present in this plant constitute alkaloids – brahmine, nicotinine, herpestine, bacosides A and B, saponins A, B and C, triterpenoid saponins, syigmastanol, β-sitosterol, betulinic acid, D-mannitol, stigmasterol, α-alanine, aspartic acid, glutamic acid, and serine and pseudojujubogenin glycoside (Devishree et al. 2017). Research has demonstrated that B. monnieri decreases Aβ accumulation, improving cognitive function and supports neuronal health, highlighting its promise as a natural therapeutic agent for neurological disorders (Kumar et al. 2015). Additionally, its phytochemicals exhibit the potential for serving as powerful anti-neurodegenerative agents by targeting neurotrophin-related neurological disorders (Sangeet et al.2023).
Convolvulus pluricaulis
 Traditionally, Shankhpushpi has been used to treat a wide range of nervous disorders such as insanity, epilepsy, hysteria, insomnia and psychoneurosis. Flavonoids (kaempferol and quercetin), coumarins (scopoletin and ayapanin), phenolic acids (hydroxycinnamic acid) and phytosterols (β-sitosterol) constitute the various bioactive phytochemicals in CP, which are associated with its pharmacological activities (Balkrishna et al. 2020). Well known for its rejuvenating and anti-ageing properties, it also acts as a mental stimulant, anxiolytic, offers neuroprotection, and possesses antioxidant, analgesic, immunomodulator, antimicrobial, antidiabetic and cardioprotective properties (Sharma et al. 2022).
Ocimum sanctum
Tulsi or Ocimum sanctum, commonly known as holy basil, is a fragrant herb renowned for its wide range of health benefits. Due to its anti-inflammatory, antioxidant and neuroprotective properties, it is extensively used in Ayurveda and highly valued for its ability to restore balance within the body and enhance both mental and physical well-being (Pingle et al. 2025). Leaves of O. sanctum contain primary phytochemical constituents such as eugenol (volatile oil), fixed oils (palmitic, stearic, oleic, linoleic and linolenic acids), flavonoids (luteolin, orientin and vicenin), phenylpropanoid compound (rosmarinic acid) and ursolic acid (triterpene) (Kelm et al.2000).
Valeriania jatamansi
Valeriana jatamansi, a well-known perennial medicinal herb of the Valerianaceae family, is widely found throughout the world. Traditionally, it is used for a variety of therapeutic purposes, including treating cytotoxicity, neurological disorders, insomnia and leishmaniasis. Likewise, it exhibits activities such as acetylcholinesterase inhibition, antioxidant, antiviral and α-glucosidase inhibition (Maurya and Agnihotri, 2024). Native to the Himalayan region, it has long been valued for its diverse medicinal properties. The plant’s rich bioactive composition, comprising valepotriatesβ, lignans, sesquiterpenoids, flavones and other phytochemicals, underpins its therapeutic use in managing ailments such as epilepsy, skin disorders and obesity (Ojha and Sharma, 2025). Studies reported that oral administration at doses ranging from 50 to 300 mg/kg body weight has shown notable improvements in neuronal anti-fatigue activity, mood enhancement and antidepressant effects (Meena et al. 2021).
Acorus calamus
Acorus calamus L., popularly known as sweet flag or calamus, is a perennial herbaceous plant belonging to the family Acoraceae. It is distinguished for its uniquely aromatic rhizomes, which have been used in traditional healing systems, viz. Ayurveda, Traditional Chinese Medicine and Native American remedies (Zhao et al. 2023). These rhizomes contain a wealth of bioactive compounds, primarily alpha-asarone and beta-asarone, which are recognised for their therapeutic effects such as antimicrobial, anti-inflammatory and cognitive-enhancing activities (Bhosle and Ingle, 2025).
Tinospora cordifolia
Tinospora cordifolia, belonging to the Menispermaceae family, is a deciduous climbing shrub, known for its wide range of medicinal properties (Bharathi et al. 2018). Key phytochemicals found in this plant include tinosporide, tinosporine, tinosporaside, cordifol, cordifolide, diterpenoid furanolactone, clerodane furano diterpene, tinosporidine, columbine and sitosterol (Chaudhary et al. 2024). Multiple in vitro studies have reported that extracts and compounds from Tinospora cordifolia may enhance memory, learning and cognitive functions impaired by various neurodegenerative disorders by restoring levels of glutathione (GSH) and superoxide dismutase (SOD), as well as neutralising free radicals that contribute to oxidative stress and neuronal damage (Singh et al.2023).
Table 1: Traditional Medicinal plants with their phytochemical constituents and pharmacological activities
	Plant Name
	Traditional name
	Phytochemical Constituents
	Pharmacological
Properties
	Reference

	Acorus calamus
	Vacha
	Phenylpropanoids, sesquiterpenoids, sterols, alkaloids, triterpenes, glycosides, triterpenoid saponins, monoterpenes.
	Antidiabetic, anti-obesity, antihypertensive, antioxidant, anti-inflammatory, immunomodulatory, anticonvulsant, neuroprotective.
	Sharma et al. 2020

	Bacopa monnieri
	Brahmi
	Phytosterol, alkane, triterpene, fatty acid propyl ester, phthalate ester, glyceride, sesquiterpenes, acyclic diterpenoid, phenol, triglyceride, fatty acid ester
	Antioxidant, anti-tumor, bactericidal, anti-inflammatory, analgesic, anticancer
	Altaf et al. 2025

	Centella asiatica
	Gotu Kola
	Triterpenoids (Asiatic acid, madecassic acid, asiaticoside), flavonoids (Quercetin, kaempferol), phenolic compounds (Ferulic acid, chlorogenic acid), saponins, volatile oils and glycosides
	Antibacterial, anti-inflammatory, anticancer, antimicrobial
	Tran et al.
2025; Shaikh et al. 2025

	Clitoria ternatea
	Brahma kamal
	Flavonoids (Kaempferol, quercetin, myricetin), anthocyanins (Delphinidin, cyanidin, malvidin), triterpenoids (Ursolic acid, oleanolic acid), alkaloids (Clitorin, stizolobinic acid), phenolic compounds (Gallic acid, chlorogenic acid, ferulic acid)
	Anti-inflammatory, antioxidant, antimicrobial, wound healing properties, analgesic effects
	Mote et al.
2025

	Convolvulus pluricaulis
	Shankhpushpi
	Shikimate (Methyl eugenol, croweacin), sesquiterpene (Epiglobulol,shyobunol, hexahydrofarnesyl acetone), triterpene (Methyl commate B, Lup-20(29)-en-3β-ol,acetate), fatty acid (Methyl palmitate), steroid (Ursodeoxycholic acid)
	Antidepressant, antidiabetic, cardiovascular, anxiolytic, antioxidant, neuroprotective, and hypolipidemic activity, antimicrobial, insecticidal, antifungal, antibacterial, anthelmintic, anticonvulsant, antiulcer,
anticatatonic activity.
	Al-Khaial et al. 2025,
Kamat et al. 2025, Jalwal et al. 2016

	Curcuma longa
	Haldi
	Phenols (Curcuminoids),
Terpenoids (diarylheptanoids,
diarylpentanoids,) phenylpropene, essential oils
(monoterpines,
sesquiterpenes,diterpenes), triterpenoids, sterols and alkaloidal compounds.
	Anti-inflammatory, anti-oxidant, anti-diabetic, anti-tumor, neuroprotective, hepatoprotective,anti-microbial, anti-nematicidal, anti-septic, anti-arthritic, anti-helmintic, anti-ageing, anti-fungal, anti-acidogenic, radioprotective,anti-allergy,anti-angiogenic, insect-repellant.
	Tian et al. 2025,
Jyotirmayee and Mahalik, 2022; Sabale and sabale, 2013

	Ginkgo biloba
	Maiden hair
	Flavonoids (quercetin, kaempferol,isorhamnetin),
Terpenoids (bilobalide and ginkgolides), bioflavonoids (ginkgetin, sciadopitysin,isoginkgetin),
acids (ginkgolic acid),
	Neuroprotective, anticancer,
anti-microbial, antifungal,
anti-inflammatory,
antiarthritic,
antioxidant,
anti-lipid peroxidation, anti-ageing,
cardioprotective, antiplatelet,
anti-thrombus.
	Gamal et al. 2025;
Das et al. 2022

	Ocimum sanctum
	Tulsi
	Flavonoids   and   phenolic acids
(rosmarinic acid, apigenin, luteolin,quercetin,   cirsimaritin),
sterols and triterpenoids, such as β-sitosterol, ursolic acid, oleanolic acid, glycosides(vicenin,orientin)
	Anti-aging, neuroprotective, hepatoprotective, anti-inflammatory, cardioprotective, anti-cancer, radioprotective, antidiabetic, antimicrobial
	SR et al.
2025

	Panax ginseng
	Gingseng
	Ginsenosides, ginseng saponins, triterpenoids (dammarane),
proteins, peptides, alkaloids, polyacetylenes, polysaccharides, essential oils, vitamins (B1, B2, B12, C), flavonoids, and fatty acids
	Neuroprotective, anti-neuroinflammatory, hypotensive, vasorelaxant
	Kashyap and Bist, 2025;


	Tinospora cordifolia
	Guduchi
	Alkaloids,phenolics,steroids, glycosides, polysaccharides, aliphatic compounds
	Immunomodulatory, antioxidant, memory enhancer, anti-spasmodic, anti-inflammatory, anti-diabetic, anti-allergic, anti-stress, anti-periodic, anti-arthritic, anti-leprotic, anti-neoplastic
	Chaudhary et al. 2024;
Irshad et al. 2024


	Valeriana jatamansi
	Tagar
	Volatile oils, alkaloids, sesquiterpenes,flavonoids, iridoids, valtrate, isovaltrate, hesperidin, chlorogenic acid, isochlorogenicacids, steroids, carbohydrates, aldehydes, phenols
	Calming, sedative properties, neuroprotective, anxiolytic, 
anti-depressant, anticancer.
	Chawale et al. 2025

	Withania somnifera
	Ashwagandha
	Steroidal, flavanol
glycosides, glycowithanolides,
steroidal lactones, phenolics
	Neuroprotective, anti-inflammatory, anti-diabetic, antimicrobial, aphrodisiac, astringent, cardioprotective, anti-hepatitis, anti-osteoporotic, anti-neoplastic activities. 
	Lerose et
al.2024



Table 2 Effect of traditional medicinal plants for neurodegenerative diseases under various experimental model
	Plant Name
	Main bioactive compounds
	Target neurological diseases
	
Experimental model
	
Effect
	
References


	Acorus calamus
	Α-Asarone
	Alzheimer’s disease
	Hippocampal
HT22 cells 
(Mouse)
	Decrease ROS production, Suppresses PERK (Protein kinase RNA-like ER kinase) signaling
	Mikami et al. 2021

	Bacopa monnieri
	Bacosides
	Parkinson’s disease (PD)
	Sprague Dawley (SD) 
Rats
	Reduction in dopaminergic depletion
	Jeena et al. 2025

	Centella asiatica
	Asiaticosides
	Parkinson’s disease (PD),
Depression
	Drosophila,
Chronic restraint stress (CRS) induced mice
	Reduction in lipid peroxidation and catalase activity;
Enhance brain derived neurotrophic factor (BDNF), phosphorylated tropomyosin receptor kinase B (pTrkB), phosphorylated nuclear factor erythroid 2-related factor 2 (pNrf2), glutathione peroxidase 4 (GPX4).
	Beaulah Angel et al. 2025;
Zhou et al. 2025

	Clitoria ternatea
	Clitorienolactone A and B 
(CLA and CLB)
	Chronic cerebral hypoperfusion
	Rat
	Maintain intracellular Ca2+, regulate downstream signaling pathways
	Ahad et al. 2024

	Convolvulus
 pluricaulis
	scopoletin, kaempferol phytosterol, sitosterol
	Alzheimer’s diesase
	Drosophila
	Enhance antioxidant enzyme activity, ameliorates oxidative stress, restore depleted Acetylcholinesterase (AchE) activity
	Chandra et al. 2025
Olakkaran et al. 2019

	Curcuma longa
	Curcumin
	Epilepsy
	Albino rats
	Enhance GABA (gamma-aminobutyric acid) receptor, mitigate oxidative stress
	Buba et al. 2025;
Rawat and Singh,2025

	Ginkgo biloba
	Flavone glycosides (quercetin, kaempferol, isorhamnetin) and terpene lactone (ginkgolides and bilobalide) 
	Reserpine (RES) induced- Depression
	Wistar albino rats
	Ameliorate neurotransmitter imbalances, restore redox homeostasis in cortical region,
increase ATP level, diminish DNA
fragmentation, decrease caspase-3 immunoreactivity, increase immunoreactivity of synaptophysin in the cerebral cortex
	Ali et al. 2025;
Dubey et al. 2004

	
Ocimum sanctum
	

Eugenol
	

Alzheimer’s disease (AD)
	

Sprague Dawley
Rats
	

Increase neuron proliferation in hippocampus area, increase cell immunoreactivity
	Mataram et al. 2025
Singh and Chaudhuri, 2018


	Panax ginseng
	
Ginsenosides
	Alzheimer’s disease (AD)
	Male APP/PS1 mice
	Decrease ROS (Reactive oxygen species) production, NAPDH oxidase 2 (NOX2) expression.
	Zhang et al.
2021

	Tinospora cordifolia
	Palmatine
	Aluminum chloride (AlCl3) induced oxidative stress
	Swiss Albino Mice
	Improve antioxidant activity, superoxide dismutase and catalase; lower lipid peroxidation
	Das et al. 2023

	Valeriana jatamansi
	Iridoids
	Chronic unpredictable mild stress (CUMS) -induced Depression
	Specific pathogen-free (SPF) Kunming Mice
	Enhance production of vitamin B12, and a reduction in homocysteine
	Lv et al. 2025;
Wang et al. 2024

	Withania somnifera
	Withanolides, Withaferin A
	BPA
(Bisphenol A)
-induced cognitive dysfunction
	Swiss Albino mice
	Reinstate NMDA (N-methyl-D-aspartate)
receptors, ameliorate endogenous antioxidant level in the brain
	Panda and Mohapatra,
2024;
Birla et al. 2019



Conclusion
[bookmark: _Hlk220669467]Medicinal plants contain a broad spectrum of essential and bioactive metabolites that contribute to the treatment of various health conditions. Traditionally used in medicine, these plants and their associated phytochemicals influence a range of neuropharmacological activities. As a result, they have the potential to be developed into future medications or used to support conventional drug treatments. Neurological diseases often arise from factors such as protein depletion, oxidative and inflammatory stress, environmental influences, and notably ageing. Disorders like Alzheimer’s disease (AD), Parkinson’s disease (PD), Huntington’s disease and others exhibit common characteristics at both cellular and subcellular levels. They also exhibit considerable overlap in signalling pathways, which can ultimately trigger mechanisms like apoptosis, necroptosis and inflammation. Medicinal plants, including Ginseng, Withania somnifera, Bacopa monnieri, and Ginkgo biloba, contain natural compounds that may help in the prevention and treatment of symptoms associated with neurodegenerative diseases. Use of traditional medicinal plants has attracted significant interest over the past several decades due to their therapeutic potential. Reduction of inflammatory responses, inhibition of pro-inflammatory cytokines such as tumour necrosis factor (TNF) and enhancement of antioxidant activity are exhibited by medicinal plants as a neuroprotective mechanism. Owing to the limitations of current therapeutic interventions and the progressive nature of neurological diseases, numerous side effects have emerged, prompting patients to seek alternative treatments. This has led to the effective use of medicinal plants in various cellular and molecular pathways. Due to their anti-inflammatory, antioxidant and anticholinesterase properties, phytochemicals present in medicinal plants are anticipated to play a key role in treating neurological diseases. However, further clinical research is essential to confirm the safety and efficacy of medicinal plants for neurodegenerative diseases and their overall use as a valuable alternative to conventional therapies.
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