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    PREFACE




    


    Syuichi Koarada


    


    


    


  




  

    Neurodegenerative and neurological disorders cost patients and societies trillions of dollars in terms of health care and out-of-pocket costs every year. This significant economical and neurodegenerative burden of brain disorders is expected to grow exponentially, especially in low- and middle-income countries in the next decade, if left unattended. There is a desperate need to focus our research strategies on epidemiology, disease frequency, and the understanding of the associated risk factors and possible outcomes to develop the therapeutics faster.




    Volume 10 of our book series Frontiers in Clinical Drug Research - CNS and Neurological Disorders presents a set of creative and ground-breaking research endeavors of established as well as emerging researchers in the field. Our eminent authors have reviewed, evaluated, commented, and provided their valued feedback regarding the current central nervous system disorders to keep our readers updated.




    For instance, Chapter 1 compares the potency of therapeutic preparations derived from medicinal plants with the currently available pharmaceutical treatments for Parkinson's, Alzheimer’s, and Huntington’s Diseases. The chapter specifically focuses on the active ingredients, molecular targets, and challenges to developing plant-based pharmaceuticals. Chapter 2 reviews the biochemical and physiological mechanism(s) of Parkinson's disease pathogenesis. The chapter also highlights the emerging therapies, such as stem cell progenitor cells transplantation, and the targeting of neurogenesis, apoptosis, neuroinflammation, mitochondrial dysfunction, and oxidative damage to treat Parkinson's disease. Chapter 3 summarizes the translational limitations of using neurotrophic factors in various preclinical and clinical trials to combat neurodegeneration and neuropathic pain in Parkinson’s disease. The author also discusses the current alternatives with improved translational perspectives, such as mutant proteins, small molecules, and peptides that target receptors for neurotrophic factors. Chapter 4 highlights the advantages of using functional near-infrared spectroscopy to explore the neural bases of executive functions in children suffering from attention deficit hyperactivity disorder. The authors also discuss the utility of the technique in managing the accessibility and tolerance of body motion while measuring the sensitive cortical oxyhemoglobin concentration changes associated with neuronal activation. Chapter 5 analyses the translational potential of a non-CpG, and non-coding oligodeoxynucleotide (IMT504) as an anti-nociceptive to treat chronic pain. The chapter describes the immunomodulating, and anti-inflammatory activities of the oligodeoxynucleotide, and explores its future potential as a multi-target pain medication. Chapter 6 reviews the application, efficacy, and development of current anticonvulsants in chronic pain management. Chapter 7 evaluates the behavioral, morphological, and nootropic effects of testosterone treatment on brain functioning. The chapter emphasizes the limitations of testosterone clinical application in mitigating aging-related cognitive decline.




    In a nutshell, the current volume brings together another collection of exciting and cutting-edge research works of prominent scientists from all corners of the world. It is anticipated that the scholarly compendium of timely review articles will serve as the harbinger of new brain therapeutics in the near future.




    We are grateful for the timely efforts made by the editorial personnel, especially Mr. Mahmood Alam (Editorial Director Publications), and Ms. Asma Ahmed (Senior Manager Publications) at Bentham Science Publishers.
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      Abstract




      Neurodegenerative diseases such as Parkinson's, Alzheimer’s, Huntington’s etc. have their root in damaged nerve cells followed by the loss of their functions. Though the exact reason for different neurodegenerative diseases is still unknown, degradation and accumulation of proteins in neurons, oxidative stress, inflammation, defects in mitochondria, genetic mutation etc., are said to be the general factors that leads to this disease. The old ages are the worst affected group due to the rise in human life expectancies. Although there is no complete cure for this disease, some drug treatments have been found to be useful for reducing few of the physical or mental symptoms associated with neurodegenerative diseases. In fact, most neurodegenerative disorders show multiple symptoms;a promising result can be achieved only through the combination of different compounds like natural plant extracts which have many disease targets. Antioxidants are proven to have the capacity to act against the oxidative stress developed in the cells. So, antioxidant rich plant extracts can be utilized for the treatment of neurological related disorders. Several studies are being carried out on the effect of various plant extracts on the neurodegenerative disease prevention, management as well as treatment. This chapter will discuss the in vitro, in vivo and clinical studies conducted on the effect of various plant extracts for the treatment and prevention of different neurodegenerative disease conditions.
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      INTRODUCTION




      Neurodegenerative diseases include various types of disorders which result from the damage of neurons followed by their functional loss. Since the last 10 years, not many drugs were introduced for the treatment of neurodegenerative disease. Alzheimer's disease, Parkinson's disease, Huntington's disease, amyotrophic lateral sclerosis, frontotemporal dementia and the spinocerebellar ataxias are some




      major neurodegenerative diseases. They show different pathophysiological conditions, where some leads to memory and cognitive damages, and others may disturb a person's locomotor as well as speech and breath functions. Among these, Alzheimer's disease (AD) is a chronic, age-dependent neurodegenerative disease which is the major cause of dementia in older individuals and in the Western world, it is on the fourth place for the cause of death. AD starts with brain atrophy, leading to gradual damage of CNS. Specific neurofibrillary tangles and neural plaques are observed in post mortem. Another neurodegenerative disorder affecting millions of the elderly population is Parkinson's disease (PD), with most cases arising after the age of fifty. The noticeable symptoms are movement disorders, including tremor, inflexibility, slow motion, and trouble while walking and in posture. Due to slow dysfunction of dopamine-generating neurons in the basal ganglia substantia nigra, a midbrain area, the motor symptoms of PD result in gradual loss of muscle co-ordination and balance. Later, there may be cognitive and behavioral difficulties, with dementia usually arising in the early stages of the disorder, while the most commonly observed symptom is depression. Sensory, sleep and mental disorders are other symptoms. A neurodegenerative genetic disorder that impacts muscle function and contributes to cognitive impairment and psychiatric disorders is Huntington's disease (HD). It is distinguished by irregular repetitive writhing movements called chorea. Although the physical symptoms of HD can occur from children to elder individuals at any age, the typical symptoms start between the ages of 35 and 44. Efficient therapies should be in immediate action, but only a profound understanding of the reasons and mechanisms of each disease can come with them. The chapter discusses various aspects of medicinal plants, their phytochemicals, along with traditional uses, important bioactivities, psychological and clinical proof on effectiveness and safety.This chapter also emphasises on the promising evidences through animal studies as well as clinical trials.




      

        Alzheimer’s Disease (AD)




        Dementia is an ailment in which there is an immense reduction of mental and cognitive capacities of an individual. The affected individual is unable to function independently due to memory loss as a consequence of disease progression. Several reversible or irreversible causes are responsible for dementia. The most common reversible causes include substance abuse, subdural hematoma, removable tumors, and central nervous system (CNS) disorders (Table 1). Irreversible causes of dementia are neurodegenerative diseases such as Alzheimer’s disease (AD), Parkinson’s disease (PD) and Huntington’s disease (HD).




        

          Table 1 Most common forms of dementia [9].




          

            

              

                	DEMENTIA FORM



                	NEUROPATHOLOGY



                	SYMPTOMS



                	DEMENTIA CASES (%)

              


            



            

              

                	AD-RELATED DEMENTIA



                	Formation of Aβ plaques and neurofibrillary tangles.



                	Memory deficits, depre-ssion, poor judgment or evidence of mental con-fusion.



                	50-80

              




              

                	VASCULAR DEMENTIA



                	Decreased blood flow to the brain, hypoperfusion, oxidative stress.



                	Similar to AD, but less affected memory



                	20-30

              




              

                	
DEMENTIA WITH LEWY BODIES




                	Aggregation of α-Synuclein in neurons and glial cells (cortical Lewy bodies)



                	Similar to AD and less to PD, hallucinations, tremors,impaired attention.



                	<5

              




              

                	
FRONTOTEMPORAL


                DEMENTIA




                	Accumulation of MAP tau, atrophy of frontal andtemporal lobes.



                	Changes in social beha-vior, difficulties with language.



                	5-10

              


            

          




        


      




      Alzheimer’s disease (AD) is the most common form of dementia, mostly found in old age. This clinical disorder affects almost 5% population among the people over 65 years of age and 25% of the population over 80 years. AD is mainly characterised by impairment of cumulative memory (especially anterograde amnesia), aphasia, agnosia and also impairment of other higher cognitive functions and insight, and by various personality and behavioural/ neuropsychiatric characteristics. Alzheimer’s disease was first reported in the year 1907 by Alois Alzheimer. He has used one newly emerged histological method for staining to recognize the elements of neurofibrillary tangles in the brain tissue. This identification remarkably became [together with β-amyloid (Aβ) plaques] the pathological pioneer for diagnosing the disease in the post-mortem condition. The formation of plaques and tangles in the brain of an affected individual is recognized as the crucial characteristic feature of the Alzheimer’s disease condition. Progressive loss in the connectivity between the nerve cells (neurons) in the brain is another important characteristic of this disease. The main function of the neurons is the transmission of messages in different parts of the brain and from the brain to different parts of the body like muscles and different organs. Various complicated changes occuring in the brain contribute to the Alzheimer’s disease. Initial damage is seen in the hippocampus area of the brain that is mainly responsible for forming memories. As the neurons degenerate, auxiliary parts of the brain get affected. At the end stage of this disease condition, the damage becomes severe, leading to shrinkage of the brain tissues remarkably. Alzheimer’s disease and other forms of dementia mainly cause immense dysfunction of the brain leading to several neurodegenerative conditions like neuronal injury, synaptic failure and neuronal death. Neuro fibrillary tangles (NFT) and neurophil threads are the main pathological hallmarks of AD [1].




      Various hypotheses have been proposed to establish the foundation of multi factorial syndrome on the basis of several causative aspects [1], such as cholinergic hypothesis, Aβ hypothesis, tau hypothesis and inflammation hypothesis [2]. In the past two decades Aβ hypotheses has been persuaded in the scientific community [3]. In recent times, several studies have emphasized the functional importance of Aβ oligomers in causing impairment of synapses and also suggested this as a fundamental signal that may damage the integrity of brain functions [3-6].




      The amyloid cascade theory has hypothesized that amyloid precursor protein (APP) is cleaved subsequently by the enzymes α-secretase followed by β and γ-secretases, which lead to an imbalance in the synthesis and clearance of Aβ peptide [7]. This imbalance causes spontaneous aggregation of Aβ peptides into soluble oligomers and also amalgamate to form insoluble fibrils of beta-sheet conformation which are eventually deposited in diffuse senile plaques [3, 8].




      The synergistic activities of both neurons and astrocytes raise the production of Aβ42 oligomers [5, 10]. It has been noticed that an increase in the production of Aβ42 oligomers gives rise to oxidative stress, enhanced hyper-phosphorylation which induces toxicity on the synapses and mitochondria [1, 2]. The increase in the formation of Aβ42 senile plaques enhances the activation of microglia [8], which consequently stimulates the production and release of pro-inflammatory cytokines, including IL-1β, TNF-α, and IFN-γ. Further, these cytokines give rise to the surrounding astrocyte-neuron producing an ample amount of Aβ42 oligomers, thus stimulating higher production of Aβ42 and also its dispersal. Oligodendroglia (OLGs) associated with neurons–astrocyte complex; Aβ oligomers also result in its destruction. In the brains of AD patients, aggregation of Aβ oligomers enhances neuronal and vascular degeneration [5]. It increases the oxidative stress to which OLGs are particularly susceptible. They have a low level of reduced glutathione (GSH) content and also a high concentration of iron as a result of decreased oxygen radicals scavenging ability [6]. It has also been observed that Aβ42 oligomers may lead to damage of cholesterol rich membranes, specifically found in OLGs and myelin [5].


    




    

      Current Pharmaceutical Treatment




      Various drugs which are (semi-) synthetic have been recognized worldwide for the treatment of different forms of dementia especially Alzheimer’s disease. Few most extensively used curatives for AD related dementia are- selective reversible acetylcholinesterase (AChE) inhibitor donepezil, the non-selective butyrylcholinetserase (BuChE) and AChE inhibitor rivastigmine, as well as the N-methyl-D-aspartate (NMDA) receptor antagonist memantine [10, 11]. Most prominent drugs approved for clinical use in AD are Memantine, Rivastigmine, Donepezil, etc. ( Table 2). FDA approved a combined drug donepezil-memantine in the year 2014 from the brand NamzaricR for treating moderate to severe AD affected people, who are recommended with clinically effective dose of 10mg/day donepezil hydrochloride [12]. There have been reports on various side effects when this combination of medicines are taken, such as muscle problems, slow heartbeat, fainting, increased stomach acid levels, nausea, vomiting and also seizures. Few of the studies also have suggested that the above mentioned drugs did not ameliorate the agitation condition among the patients who are severely affected [13, 14]. Therefore, an immense investigation on the natural ingredients with potential bioactives for treating different dementia conditions demands the attention of the scientific community.




      

        Table 2 Different therapeutic targets for treating AD.




        

          

            

              	Therapeutic Approaches



              	Drug Targets

            


          



          

            

              	Targeting Ab protein (anti-amyloid approach)



              	• Targeting amyloid transport.


              • Modulation of secretase enzymes.


              • Targeting amyloid aggregation.


              • Targeting amyloid clearance.


              • Amyloid based vaccination therapy.

            




            

              	Targeting tau protein



              	• Inhibition of tau phosphorylation.


              • Targeting microtubule stabilization.


              • Blocking tau oligomerization.


              • Enhancing tau degradation.

            




            

              	Targeting intracellular signaling cascades



              	• Inhibition of phosphodiestrase (PDE).

            




            

              	Modulating levels of neurotransmitter



              	• Acetylcholinesterase inhibitors (AChEIs).


              • Modulation of GABAergic neurons.


              • NMDA receptor antagonism.


              • Modulation of serotonin receptor.


              • Histaminergic modulators.


              • Modulation of adenosine receptor.

            




            

              	Targeting mitochondrial dysfunction



              	• Supressing the production of ROS and minimizing ROS injury.

            




            

              	Targeting oxidative stress



              	• Administration of antioxidants including vitamins (E,C and carotenoids), phytochemicals and synthetic compounds.

            




            

              	Anti-inflammatory therapy



              	• Targeting γ–secretase, Rho-GTPases and PPAR.


              • Targeting cyclooxygenase (COX) inhibition.

            




            

              	Other pharmaco-therapeutic strategies



              	• Cholesterol lowering drugs.


              • Neuroprotective gonadotropin hormones.


              • Neurogenesis.


              • Epigenesis.


              • Caspase inhibitors.


              • Modulators of NOS.


              • Nucleic acid drugs.

            


          

        




      


    




    

      Current Drug from Plant Origin Against Dementia




      Galantamine is the only drug originated from plants, that is advised widely for treating mild-to-moderate AD and AD related dementia. It has been proven to be effective through many clinical trials. Galantamine is also known as galanthamine. It is an alkaloid (isoquinoline) synthesized from the plants that belong to Amaryllidaceae family. galantamine was first discovered by a Bulgarian Chemist D. Paskov and his team in the year of 1956. It was first separated from bulbs of Galanthus nivalis (common snowdrop). The efficacy of this drug is very prominent and also has been enlisted in the treatment guidelines for Alzheimer’s disease/dementia in USA and Europe. There are many countries worldwide who have approved this drug, including Canada, in the European Union (except for The Netherlands, under the name NivalinR in 2000), Japan, Korea, Mexico, Singapore, South Africa, Thailand, etc. The plant-derived galantamine is a well-established medicine for the treatment of dementia. The main mechanism of galantamine is to modulate the acetylcholine signaling and inhibition of oxidative damage. Galantamine affects the brain’s cholinergic system through its distinctive duplex mode of action. It inhibits the AChE enzyme reversibly by competitive inhibition. It also allosterically enhances the activity of the nicotinic acetylcholine receptor (nAChR) [15].




      Galantamine has a protective role in mitochondrial dysfunction. The changes that may occur in morphology and the membrane potential of mitochondria (MMP) which is instigated by Aβ25/35 or hydrogen peroxide treatment, can be reversed by galantamine [16]. Oxidative stress is mainly developed by the toxic effect of reactive oxygen species (ROS). These are mainly produced in mitochondrial membrane during electron transport. The neuroprotection efficacy of galantamine is mainly through protecting the mitochondria and also inhibiting AChE activity, thus it helps in decreasing oxidative damage to cells [17]. P-glycoprotein is present in brain’s vascular endothelium. It is a well-known transporter which resists multiple drugs targeted for brain. It effectively prevents many drugs crossing blood brain barrier and efflux back into the blood stream [18]. Galantamine may reduce the potency of this protein and allow many other drugs co-administered with it to reach the brain more easily [18]. Neurotoxicity induced cognitive impairment has been reported in the rat model, which includes mitochondrial dysfunction, oxidative damage etc. Galantamine helps in reversing this condition by enhancing the neuro protective potency of rofecoxib (an anti-inflammatory COX-2 inhibitor) and caffeic acid (a plant derived phenol) [19]. In a similar way, galantamine increases the antioxidant efficacy of melatonin, a brain sleep hormone. It has been reported that galantamine treatment delayed the onset of various behavioral symptoms of dementia consistently like anxiety, euphoria, depression, irritability, delusions and unusual motor behavior [20].




      

        Overview of Treatment Strategies Based on Medicinal Plants




        Dementias are basically known to be complex diseases, as shown in modern research having several molecular mechanisms involved in the pathogenesis of the disease conditions. This multiple mechanisms approach evolved new strategies to treat these pathologies: treatment of dementia should have a holistic perspective, including several underlying molecular targets instead of focusing in any particular target (Fig. 1). Plant and plant extracts comprises of several bioactives that are hypothesized to target additively or synergistically on multiple molecular mechanisms [21] ( Table 3). Several herbal medicines have been utilized for a long time for treating dementia related neurodegenerative disorders. But unfortunately, bioactive components of these herbs are poorly narrated. Similarly, we still know very little about how these compounds interact with each other and with prescribed medicines [22]. The extensive research on these emerging issues will be crucial to find out therapeutic approaches that are devoid of harmful side effects.




        

          Table 3 Neuroprotective activities exerted by various plants and active ingredients [23].




          

            

              

                	S.No



                	Activity/Mechanism



                	Active Ingredients/ Plants

              


            



            

              

                	A)



                	Anti-inflammatory



                	Flavonoids from plant sources

              




              

                	B)



                	Antioxidant



                	
Bacopamonniera


                Curcuma longa


                Thymus vulgaris


              




              

                	C)



                	Nicotinic receptor stimulation



                	
Lobelia inflata,


                Nicotianatabacum


              




              

                	D)



                	
Inhibitors of acetylcholinesterase:


                i) alkaloids




                	
Physostigmavenenosum


                Galanthusnivalis


                Huperziaserrata


              




              

                	



                	
ii) terpenoids and


                other phytochemicals




                	
Melissa officinalis


                Rosmarinusofficinalis


              




              

                	E)



                	Phyto-oestrogens



                	Soy isoflavones

              




              

                	F)



                	Antiamyloid aggregation



                	Ginkgo biloba

              


            

          




        


      




      

        Important Medicinal Plants Used for the Treatment of Neurodegenerative Disorders




        The following medicinal plants have been extensively studied and experimented for the treatment of neurodegenerative disorders ( Table 4).




        

          Table 4 Summary of Plants and their active ingredients with traditional use tested recently in vitro, in vivo and in clinical trials for Alzheimer’s disease (AD).




          

            

              

                	Plant Name



                	Bioactive Compound



                	Traditional Utility



                	Molecular Target



                	References

              


            



            

              

                	Panaxnoto ginseng



                	Ginsenoside Rg1



                	Improvement in learning & memory function


                Used in Traditional Chinese medicine (TCM)



                	Secretase activity



                	[57]

              




              

                	P. notoginseng



                	Ginsenoside



                	Improvement in learning & function of memory; used in TCM



                	Neprilysin



                	[38]

              




              

                	Ginkgo biloba



                	Fresh plant extract



                	Used in TCM; improvement in memory loss and also ameliorating respiratory disorders



                	DemTec cognition score



                	[58]

              




              

                	Dipsacus asper



                	Wall Akebiasaponin D



                	Upgrade the kidney function; used in TCM



                	Aβ toxicity



                	[59]

              




              

                	
Paeonia suffruticosa


                Andrews




                	1,2,3,4,6-penta-O-galloyleta-


                d-glucopyranose



                	TCM; treatment of inflammatory and pyretic disorders



                	Development and stabilization of Aβ-fibril; impor-ove long-term memory impair-ment in vivo




                	[60]

              




              

                	Polygala tenuifolia Willd



                	Tenuifolin (extract)



                	TCM; improvement of memory loss



                	Secretase activity;


                morphological plasticit



                	[61, 62]

              




              

                	
Radix salviaemiltiorrhizae


                (Dashen)




                	Triterpenoids; Tanshinone



                	TCM; treat heart conditions and stroke



                	AChE activity; Aβ toxicity in vivo and in vitro; NOS



                	[63-65]

              




              

                	Bacopa monnieri



                	Bogenines, Steroids,


                Triterpene



                	Ayurvedic medicine, improve


                intelligence and memory



                	Ameliorates ACh deficits



                	[66]

              




              

                	Salvia officinalis



                	Essential oils, containing


                cineole, thujone and others



                	Mediterranean, antiinflammatory


                agent



                	Anti-inflammation



                	[67]

              




              

                	Melissa officinalis



                	Terpenes, tannins, Eugenol,


                Rosmarinic acid



                	Mediterranean, used as anxiolytic or mild sedative agent



                	AChE inhibition


                in vitro




                	[68, 69]

              




              

                	Murrayakoenigii



                	Cabazolalkaloids,saponins



                	Indian flavour



                	Antiamnestic, reduction of choli-nesterase activity



                	[70]

              




              

                	Cassia obtisufolia



                	Obtusifolin



                	Eastern medicine, used as a topical analgesic and


                anti-inflammatory natural medicine.



                	AChE inhibition;


                Mitochondrial protection;


                Calcium stabilization



                	[71, 72]

              




              

                	Centella asiatica



                	Triterpen glycosides,


                Saponies



                	Ayurveda, anxiolytic agent and


                cerebral tonic



                	Reducing Aβ in vivo




                	[73]

              




              

                	
Fungus Ganoderma


                Lucidum




                	Ganoderic acid (Triterpen


                Glycoside



                	TCM, as anti-tumor,


                immunomodulatory and


                immunotherapeutic agent



                	Preserving synaptic density;


                preserving Aβ-induced apoptosis



                	[74]

              




              

                	Desmodium gangeticum



                	Aminoglucosyl-glycerolipids,


                Cerebrosides



                	Ayurveda, treatment of


                neurological disorders



                	Reserved amnesia, AChE inhibition



                	[75]

              




              

                	Lycium barbarum



                	Polysaccharides



                	TCM; used as anti-tumor,


                immunomodulatory,


                anti-hypertension agent



                	Reverses Aβ and homocysteine induced apoptosis



                	[76, 77]

              


            

          




        




        

          



          Ginkgo Biloba




          Ginkgo biloba (Coniferae) is a well-known traditional Chinese medicine which has been mostly used in treating respiratory diseases. Traditionally it has been used in Iran for the improvement of memory loss related to irregularities in blood circulation. This herb has been studied extensively for its promising role in treating cognitive disorders [23]. It is utilized mainly for improving memory impairment along with the alleviation of dementia and Alzheimer’s disease condition [24]. The two major phytochemical components thought to be responsible for neuroprotective function of Gingko are: terpene lactones (ginkgolides and bilobalide) and flavonoids (flavonols and flavone glycosides) [25, 26]. Ginkgo leaf extract contains about 24% flavonoids and 6% terpene lactones [27]. The most widely investigated herbal medicines for the treatment of cognitive impairment include the Gb extract known as EGb761. Several clinical trials are done to explore the potential of this standardized Gb extract for treating Alzheimer’s disease condition and also AD related dementia [25].




          Gb extract targets multiple mechanisms for maintaining brain functions including regulation of oxidative stress through its potential antioxidant activity [24, 28-30]. The role of the extract in neuroprotection via modulating oxidative stress is likely to be modulation of circulating glucocorticoid levels, Aβ aggregation, ion homeostasis and growth factors synthesis. Moreover, the role played by bioactives from Gingko is well accepted in the scientific community in maintaining mitochondrial function. Several in vitro studies have reported the protective role of Gingko constituents to maintain mitochondrial membrane potential (MMP) from various toxicants and oxidative stress [23]. Gingko extract can be beneficial in various aspects of mitochondrial morphology such as fission [31], swelling [32], and coupling [33]. It is also reported to interact with mitochondrial electron transport chains. It was fascinating to find that there was a significant improvement in the oxidative phosphorylation efficiency in cells overexpressing amyloid precursor protein (APP) than in control cells [34]. This indicates the effectiveness of Ginkgo extract, especially in AD therapy. EGb761 may prevent dysfunction of neurovascular unit known to be one of the pathologies associated with AD [35]. In summary, Ginkgo extract exhibits neuroprotective effect through its antioxidative and/or antiplatelet activities. Clinical studies confirm the effectiveness of Ginkgo extract for dementia treatment.


        




        

          



          Panax Ginseng C.A. Meyer (Ginseng)




          Panax ginseng (root powder) has been used in Oriental medicine since thousands of years for treating a variety of disorders including pragmatic utilization for the treatment of cerebrovascular disease. The dried root of this plant has been used traditionally as a medicine mainly in China and Korea. There are various species of Panax, including P. ginseng (Oriental ginseng), P. japonicus (Japanese ginseng), P. quinquefolius (American ginseng), P. trifolius, P. notoginseng (Burkill) and P. major [23]. Panax ginseng CA Meyer is the most often used and extensively researched species among the other varieties of ginseng. Few active components of this plant like Rg1, Rg3 and ginseng polysaccharides have been explored for their therapeutic potential [36, 37].Ginsenoside Rg3 has a backbone of steroid with aliphatic side chains, including carbohydrate part. Rg3 is mainly responsible for the neuroprotective potential of ginseng. Heat treatment of the roots of ginseng at high temperature produces Rg3 [38, 39]. The bioactive components of ginseng are reported to target few of the mechanisms related to dementia-like amyloid-β metabolism, oxidative stress, neuro-inflammation and acetylcholine signaling. However,the exact effectiveness of ginseng on dementia patients remain undefined.


        




        

          



          Curcuminoids from Genus Curcuma




          Around 80 species belong to the genus Curcuma (commonly termed as Turmeric) and is one of the largest genera from the Zingiberaceae family [23]. The major bioactive phytochemical of Curcuma genus is curcumin. Curcumin is well known as a traditional Indian medicine for its effectiveness in treating several disorders like anorexia, hepatic diseases, cold, cough and others. Curcumin has a great potential in neuroprotective actions through its various properties like antioxidant, anti-neuro-inflammatory, anti-proliferative, anti-amyloidogenic and neuro-regulative effects [39]. The major functions of Curcumin involve inhibiting the activity of tumor necrosis factor (TNF), preventing the formation of Aβ plaques and also protecting the brain cells from noxious agents [40]. Diets enriched with Curcumin strengthens memory and hippocampal neurogenesis in aged rats. Curcumin modulated expression of several genes are specifically involved in cell growth and synaptic plasticity [41]. The neuroprotective efficacy of curcumin is mainly because of its anti-inflammatory, antioxidant and lipophilic functions. In-vitro studies have shown that curcumin provides protection to mitochondria from several noxious factors like oxidative stress and rotenone (inhibitor of electron transport chain) [42, 43]. Various studies have shown that aging generally leads to mitochondrial loss and also diminished oxidative activity in rodent brains [44, 45]. Treatment with curcumin ameliorates this condition and also it has shown to improve the hippocampal-dependent memory of Aβ-infused rats [46].


        




        

          Glycyrrhiza Species




          Licorice (liquorice) belongs to the genus Glycyrrhiza, is a well-known member of Fabaceae family and comprises around 30 species. Many plants of this genus are enduring herbs originating from Mediterranean region, Asia, Southern Russia and Iran [47]. The licorice roots and also rhizomes are naturally sweet, so utilized all over the world as a sweetener. It has been traditionally used in herbal therapeutics because of its protective role, mainly in autoimmune hepatitis C, jaundice, peptic ulcer and skin diseases such as atopic dermatitis and inflammation induced hyperpigmentation [47, 48]; several studies have suggested the pharmacological importance of licorice roots in many disease conditions. Important properties include its anticancer, antioxidative, anti-inflammatory, antiviral, antimicrobial, hepatic and cardioprotective effects [47, 49].




          The main bioactive phytochemical of Glycyrrhiza glabra (liquorice) root are - triterpene saponin glycyrrhizin (glycyrrhizic acid) and the phenolic type compound isoliquiritigenin. Other important ingredients also include several isoflavonoid derivatives such as shinpterocarpin, glabrone, glabridin, galbrene, lico-isoflavones A and B [47]. The active ingredients of licorice have potent antioxidant activities. Various species of Glycyrrhiza were studied and have been shown to possess neuroprotective ability, thus may help in treating neurodegenerative disorders such as PD, AD and dementia. The effectiveness of the extract of G. inflate was investigated in the cell model of spinocerebellar ataxia type 3 (SCA3) also known as Machado-Joseph disease (MJD) and results have shown to reduce oxidative stress through upregulation of PPARGC1A and the NFE2L2-ARE pathway [50]. MPP+ (1-methyl-4-phenylpyridinium) is a neurotoxic compound which is mainly involved in interfering mitochondrial oxidative phosphorylation [51]. This component arises several conditions like cytotoxicity, ROS generation and downregulation of glutathione (GSH). Glycyrrhizin is known to reverse these conditions induced by MPP+ [51]. Brain cells are prone to oxidative damage. Licorice extract mainly reduces the oxidative stress in the brain cells by acting on the mitochondrial function. The active compound is oliquiritigenin from licorice is known to be responsible for this activity [52]. Licorice also reverses the damage in the brain cells by improving the neuronal function, preventing the memory impairment connected to dementia condition. Apart from the antioxidative effect of licorice, it is also associated with anti-inflammatory properties known to enhance memory in dementia condition [23]. In summary, the extract of Glycyrrhiza is shown to possess anti-inflammatory and antioxidative properties and also has a modulating role in glutamate signaling and apoptosis.


        




        

          



          Camellia Sinensis Kuntze




          One of the most considerably consumed beverages worldwide includes Camellia sinensis Kuntze (green tea) brew [53]. It has been reported in animal as well as human studies that consuming green tea regularly helps in improving cognitive functions and also inhibits impairment of memory. The compound in green tea which is mainly responsible for these functions is-epigallocatechin-3-gallate. Consumption of green tea on a daily basis has been speculated to minimize the risk of developing age-related dementia and AD [54]. Some of the clinical studies have reported that L-theanine exhibited improvement in the cognitive functions and mood in amalgamation with caffeine in healthy human individuals, although, the results of few studies on the effects of L-theanine alone on mood remained elusive. Green tea catechins have the potential to modulate the activity of P-glycoprotein, thus influencing the easier availability of co-administered components to the brain. In summary, green tea extract showed antiapoptotic and antioxidative functions. It has the potential to inhibit Aβ plaque formation directly [23]. Various human studies incorporated the integrity to the hypothesis of the effectiveness of green tea in modulating human cognitive function and also its importance in treating dementia condition.


        




        

          



          Moringa Oleifera




          Moringa oleifera (MO) is included in the family Moringaceae. It is commonly found in almost everywhere in Asian and African countries. The fruit and leaves of Moringa oleifera have shown to possess anti-inflammatory and hypotensive effect and also consumed as a food ingredient by many people. It has been discovered recently that Moringa oleifera leaf extract is not toxic when taken even in higher concentration levels. It enhances memory through nootropics function and also delivers important antioxidants which includes vitamin C and E that helps in combating oxidative stress in AD. Several investigations have shown that the memory loss caused by monoamines is modified by leaf extracts of Moringa oleifera [55, 56]. Various lines of evidence also have shown that colchicines-induced AD can be altered by ethanolic extract of Moringa oleifera by modifying the brain monoamines (norepinephrine, dopamine and serotonin) and electrical activity in a rat model [55].
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Fig. (1))


      Neuroprotective role of some extensively studied plants and their bioactive components in Alzeimer’s disease.



      

        Parkinson’s Disease




        Parkinson's disease (PD) is a multifactorial condition which is age-related and involves the neurodegeneration of dopaminergic neurons in substantia nigra, which is neuropathologically recognized. The nerve cells (neurons) in the brain gradually break down or die in Parkinson's disease. Many of the effects are due to the loss of neurons that forms - dopamine; a chemical messenger in the brain. It induces abnormal brain activity as dopamine levels decline, leading to impaired movement and other symptoms of Parkinson's disease.




        In PD study, the development of symptomatic therapies has been partially successful, but a number of inadequacies remain in the therapeutic strategies for the disease. Symptoms of Parkinson's generally start out progressively and get worse over time. People can have trouble walking and talking as the disease progresses. They may also experience mental and behavioral changes, issues with sleep, depression, trouble with memory, and exhaustion. Parkinson's disease appears in both men and women. The disorder, however, affects about 50 percent more men than women.




        The cause of Parkinson's disease is unclear, but it appears that many factors play a role, including:


      




      

        



        

          	
Genes: Unique genetic mutations that may induce Parkinson's disease have been identified by researchers.




          	
Environmental Causes: The risk of Parkinson's disease can be increased by exposure to certain chemicals or environmental factors.




          	
Lewy Bodies': Microscopic markers of Parkinson's disease are clumps of particular substances inside brain cells called lewy bodies, researchers assume that these Lewy bodies are significant key to the cause of Parkinson's disease.




          	
Alpha-synuclein Found Inside Lewy Bodies:While several substances are present in Lewy bodies, researchers agree that the normal and widespread protein called alpha-synuclein (α- synuclein) is a significant one.




          	
Low Dopamine Levels: Parkinson's disease is also caused by the low or dropping levels of dopamine, a neurotransmitter. This occurs when dopamine producing cells die in the brain, dopamine is involved in transmitting signals to the part of the brain that regulates motion and co-ordination, low levels of dopamine can make it more difficult for individuals to regulate their movements. Some of the causes of PD are as shown in Fig. (2).
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Fig. (2))


      Factors responsible for Parkinson’s disease.



      

        Pathophysiology of PD




        PD pathogenesis is a multifactorial mechanism in which complex reactions such as inflammation, neurotoxicity of glutamate, increased iron and nitric oxide levels, depletion of endogenous antioxidants, decreased development of neurotrophic factors, increased expression of apoptotic proteins and blood circulation dysfunction lead to neuronal degeneration. Pathologically, PD is the gradual depletion of dopaminergic neurons in the brain area of substantia nigra pars compacta. Intracytoplasmic protein inclusions called Lewy bodies (LBs) and dystrophic neurites (Lewy neurites) are present in PD patients' surviving neurons. Genetic factors such as alpha-synuclein or parkin gene mutations and environmental factors such as neurotoxic contaminants have also been suggested for the initiation of PD.




        Oxidative stress in substantia nigra is suspected to play a major role in the loss of neurons that create dopamine (DA). The other characteristic histopathological finding is the presence of deposits called lewy bodies in the surviving neurons which is the characteristic deficiency of DA in the substantia nigra was observed in the brain of PD patients after post mortem. Abnormal protein folding in PD is characterized by about 80 percent loss of the neurotransmitter dopamine in the corpus striatum.and DA in the corpus striatum region of the brain. Also, PD results because of more than 50% dopaminergic (DA-ergic) loss of neurons in the substantia nigra pars compacta (SNpc) region of the brain. The causative mechanisms of PD also includes oxidative stress and inflammation. Postural dysfunction in PD patients is due to the massive and gradual death of dopaminergic neurons in the substantia nigra. The existence of intra-neuronal protein aggregates which are known as lewy bodies, indicates the cellular inability to clear abnormal proteins, is also one of the main pathological characteristics of the disease.




        Dopamine is a dietary amino acid (tyrosine) neurotransmitter and has essential roles in a number of motor, cognitive, motivational, and neuroendocrine functions. The key class of medications used to treat PD symptoms are DA receptor agonists (e.g., bromocriptin, cabergoline, pergolide, rotigotine, apomorphine, ropinirole, and pamipexole). Due to the gradual loss of neuronal cells in the brain that synthesize it, PD symptoms arise in response to decreased levels of the chemical messenger DA. Increased levels of free radicals, oxidative stress, inflammation, mitochondrial dysfunction, and alpha-synuclein aggregation are the neurochemical events related to the pathology of PD. In addition, PD has also recorded increased concentrations of redox active metals such as iron and copper, decreased levels of glutathione and increased lipid peroxidation.




        Pharmacological treatments currently available have only modest symptomatic relief for PD patients and have no success in reversing the underlying neuropathological changes associated with this disorder. There is also a clinical need to have therapeutic agents to recognize the agents that may enhance the deleterious processes associated with PD or slow them down. Relevant molecular or pharmacological effects, which are likely to contribute to the production of neuroprotective agents against PD, have been observed increasingly in natural products [78]. However, there is no complete understanding of the pathogenesis and etiology of PD. Important cellular causes of dopaminergic cell death, including neuroinflammation, oxidative stress, mitochondrial dysfunction and excitotoxicity have been outlined by comprehensive analysis of different models imitating key features of PD. Neurotoxic models have proven to be a valuable method for the development of new therapeutic strategies and also for the assessment of the effectiveness and adverse effects of PD symptomatic therapy.




        Several natural plant-derived products have the ability to be used as PD treatment drugs. They have been shown to play roles that would have the desired effects, and some of these or their derivatives have been introduced into clinical use. In order to delay or reverse the underlying neuronal degeneration observed in PD, plant-derived natural products and their constituents have been shown to have an impact on the regulation of the levels of dopaminergic neurotransmission and motor function. The anti-PD effects of these natural products are due to their regulation ability to reduce reactive oxygen species and neuroinflammation, production of dopamine, excitotoxicity, metal homeostasis, mitochondrial function, and cellular signaling pathways, all of which are disrupted in the brain of PD patients are regulated by the plant derived extracts. (Fig. 3).
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Fig. (3))


        Effect of various plant extracts on PD.



        The aggregation or fibril formation of α-syn oligomers is inhibited by phytochemicals and plant extracts. They also direct the development of α-syn oligomer into its unstructured form and also facilitate non-toxic pathways and can therefore be useful drugs for PD and synucleinopathy. The key advantage of phytochemicals is their structural diversity, which provides knowledge for drug discovery and production. There are several groups of phytochemicals, including saponins, lignins, glycosides, carotenoids, etc.




        Structurally-diverse and secondary plant nitrogen-containing metabolites are alkaloids that are defensive agents against neurodegenerative diseases. Plant bioactive derivatives such as flavonoids, stilbenoids and alkaloids have strong anti-oxidant and anti-inflammatory properties which are of great importance for PD treatment. These phytochemicals, which occur naturally, can also promote mitochondrial function and act as major cognitive enhancers. In addition, these compounds act as inhibitors of alpha- synuclein aggregation, activation of c-Jun N-terminal kinase (JNK) and development of monoamine oxidase (MAO) and are dopaminergic neuron agonists.




        Ginsenosides: Ginsenosides are triterpinoid saponins unique to the species of Panax ginseng,eliciting a pleotrophic mode of action from these compounds. The inhibitory DA uptake activity of ginsenosides has the ability to act as antagonists for N-methyl-D-aspartate receptor (NMDA) and to defend neurons against mitochondrial dysfunction and elevation of glutamate and excitotoxicity caused by methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP). Ginsenoside's ability to minimize the influx of calcium and free radical generation and oxidative stress can also play a role in modifying the effects of ginseng in PD.




        Caffeine: Caffeine is an antagonist for Adenosine 2A receptor present in the beans of Coffea arabica and Coffea canephora plants, which are widely distributed in Asia and Africa. In MPTP-induced PD mice, caffeine exerts neuroprotective effects against dopaminergic neuronal loss. In addition, caffeine in PD mouse models induces motor deficit reversal. It has been shown that the behavioral and neurobiochemical effects of caffeine cause a decrease in apomorphine-induced rotation and improved motor control. The amount of DA and its metabolites have also been shown to recover after administration of caffeine in the experimental depletion of dopaminergic neurotransmissions using neurotoxin 6-hydroxydopamine (6-OHDA).




        Ginkgo biloba: Specific phytochemicals found only in the Ginkgo biloba tree are ginkgolides and bilobalides. In C57BL/6J mice, EGb761, a well-defined blend of active compounds extracted from the leaves, exerts a protective effect against MPTP-induced oxidative stress. In the striatum and substantia nigra pars compacta, mice receiving EGb761 recovered striatal DA levels and tyrosine hydroxylase. The neuroprotective effect of EGb761 against the neurotoxicity of MPTP is correlated with its free radical scavenging activity, lipid peroxidation blockage, and reduction of radical output of superoxides [79]. Additionally, G. biloba extract has an inhibitory effect on the activity of MAOs in rat mitochondria, indicating that its neuroprotective effects on dopaminergic neurons may be due to its inhibitory effects on monoamine oxidase.




        Polygala: Polygala root extract (PRE) consists of xanthones, saponins and oligosaccharide esters [80] and has been documented to have a neuroprotective impact on dopaminergic neurons in both in vivo and in vitro PD models with 6-hydroxydopamine (6-OHDA) mediated neurotoxicity. The potential mechanism of action is due to decreased production of ROS and nitric oxide (NO) and altered activity of caspase-3 [81]. Furthermore, through binding to norepinephrine transporter proteins, oligosaccharide derivatives of PRE act against clinical depression. In addition, the 3,4,5-trimethoxycinnamic acid (TMCA) present in PRE exerts anti-stress effects by norepinephrine suppression.




        Uncaria rhynchophylla: As a traditional medicine, Uncaria rhynchophylla is used to treat convulsive seizures, tremors, and hypertension. Rhynchophylline, corynoxeine, corynantheine, and hirsutine are the major alkaloids, with catechin and epicatechin being the main flavonoids. All animals with depleted DA activity using 6-OHDA have been shown to have a cytoprotective effect [82]. Dopaminergic neuronal loss and apomorphine mediated rotation were enhanced by Uncaria rhynchophylla extract (URE). In the meantime, a substantial decrease was observed in ROS and caspase 3 activity and a remarkable maintenance of cell viability and GSH levels was observed in PC12 neurotoxic cells.




        Bacopa monniera: Bacopa monniera is a popular medicinal plant commonly used for the treatment of anxiety, memory disorders, and epilepsy. Bacopa moniera extract (BME) has been shown to exert a dose-dependent protective effect in 6-OHDA-lesioned PD rat models, as determined by major behavioral activity improvements and restoration of activity levels of GSH, SOD and catalase and decreased lipid peroxidation. Its antioxidant, free radical scavenging properties, and DA-enhancing effects are due to the potential mechanism of action of BME [83].




        Cassia obtusifolia L: Cassia obtusifolia L, is an annual plant that is commonly consumed and widely distributed in Korea and China as roasted tea. In the substantia nigra and striatum of MPTP-induced PD mice and dopaminergic neurons in vitro, Cassiae semen (sicklepod) seed extract (CSE) has been shown to defend against dopaminergic neuronal degeneration. CSE supplementation has been shown to reduce cell damage and attenuate ROS generation and mitochondrial membrane depolarization in 6-OHDA mediated PC12 cells. MPP+, the neurotoxic metabolite of MPTP, causes neuronal dopaminergic loss by inhibiting respiratory complex 1 activity in dopaminergic neuron mitochondria [84].




        The most abundant group of polyphenols with a well-established anti-parkinsonian effect are flavonoids. Citrus flavanone naringenin administration to rodents for four days prior to 6-OHDA injury resulted in a substantial decrease in the loss of tyrosine hydroxylase (TH)-positive cells as well as loss of DA and its metabolites 3,4-dihydroxyphenylacetic acid (DOPAC) and homovanillic acid (HVA) in the brain [85]. Since tyrosine hydroxylase catalyzes L-3,4-dihydroxyphenylalanine (L-DOPA) formation, which is the rate-limiting stage in dopamine biosynthesis, TH expression is one of the most widely used markers for the identification of DA neurons. The cellular mechanisms underlying the neuroprotective effects of naringenin have been studied and shown to activate the Keap1/Nrf2/ARE axis readily, thus inhibiting oxidative stress in mice with 6-OHDA lesions [86].




        Pre-treatment with naringenin glycoside, naringin, has also been shown to provide neuroprotection in the PD experimental model [87]. By reducing neuro-inflammation and microglial activation as well as increasing the mammalian target of rapamycin complex 1 (mTORC1) activity, DA neurons in the mouse brain were protected.




        The excitatory amino acid neurotransmitters and related receptors that are present in the CNS, such as the N-methyl-D-aspartate (NMDA) receptor, are gaining increasing attention. Natural products have been made that either bind to the receptors or influence the levels of the transmitters. The key therapeutic response to PD was to increase DA levels either by inhibiting monoamine oxidase (MAO), which metabolizes DA to compounds that are less active, or by increasing DA precursor concentrations by administering L-hydroxyphenylalanine (LDOPA). Strategic drug discovery that have advanced progress in the clinical treatment of PD patients have centered on the alleviation of motor symptoms by the use of dopaminergic mimetics, the development of novel nondopaminergic drugs for symptomatic improvement, and finally, the discovery of neuroprotective compounds with disease-modifying effects in PD.




        There are cell lines of neuronal lineage that, when differentiated into dopaminergic neurons, have the potential to serve as a human cellular model for PD. Cell culture models have advantages over animal models since they can be based on human genomes, enabling pathophysiological characteristics to be directly investigated in far less time, less labor intensive, and these techniques can be developed for high-throughput screening of therapeutic compounds. The ability of transplantation of fetal dopaminergic cells to defend and restore the damaged nigrostriatal dopaminergic pathway has been studied by several researchers in clinical trials and in animal models [88]. The presynaptic protein alpha-Synuclein (α-syn) controls the release of neurotransmitters from the brain's synaptic vesicles. Like Lewy bodies, α-syn aggregates are features of both intermittent and familial PD forms.




        Several major stages of fibrillation, aggregation and oligomerization have undergone by the aggregates. With disease development, therapeutic drug effects decrease and alleviate only symptomatic actions. Therefore, novel therapeutic techniques are required that can either inhibit or postpone the progression of PD. Literature illustrates the close link between α-syn and etiopathogenesis and PD progression. Studies show that α-syn is a significant therapeutic target and an important method of disease modification is the inhibition of its aggregation, oligomerization, and fibrillation. Several hypotheses for the death of dopaminergic cells in the SN compact and mitochondrial complex defect associated with the electron transport chain defect have been proposed [89].




        Accumulating evidences indicate that the function of the mitochondrial complex I decreases partially in PD. Approximately 100 percent of molecular oxygen is consumed during cellular respiration by the mitochondria, and strong oxidants are formed as a by-product, including hydrogen peroxide and superoxide radicals. By inhibiting the mitochondrial complex I, which can generate toxic hydroxyl radicals or react with nitric oxide and produce peroxynitrites, and reactive oxygen species (ROS) production also increases. These molecules can also damage nucleic acids, proteins and lipids. A lot of research has also shown that ROS plays a part in the degeneration of dopaminergic neurons in PD patients' brain tissues. In the brain tissue of patients with PD, elevated levels of lipid peroxidation, glutathione depletion and increased protein oxidation are reported. Dopamine oxidation contributes to the formation of dopamine quinone, which is able to modify proteins directly.




        The main culprit is suspected to be mitochondrial dysfunction and oxidative insult in PD. The current therapy available for PD relies mainly on Levodopa, which provides the ability to delay disease progression to some degree, but has several side effects. It is obvious that redox stabilization and replenishment of mitochondrial function seem to be an important therapeutic approach against PD as both are necessary for optimal neuronal functioning. By enhancing mitochondrial function and alleviating oxidative stress, certain natural and synthetic products exhibit neuroprotective and anti-apoptotic potential.




        In drug development, there are many factors that are taken into account: toxicity, the ability to cross BBB, source, dose, efficacy, structure, combinatorial effect, clinical studies, molecular mechanism of action, etc. In view of recent scientific advances around the world, the medicinal properties of plants have been studied due to their potent pharmacological activities, low toxicity and economic viability. Ayurveda has a therapeutic specialty called rasayana, which, by optimization of homeostasis, prevents diseases and counteracts the aging process.


      




      

        Antioxidant Property of the Plant Extracts




        Antioxidants have been proposed as a possible treatment choice for neurological conditions to counter cellular oxidative stress within the nervous system. However, awareness about other beneficial molecular activities that natural extracts exhibit in addition to antioxidant activity has led to more research into the possible use of natural extracts for neurodegenerative disease prevention or treatment/management. Plant extracts show antioxidant properties, prevention of apoptosis, inhibition of DA-transporter activity, prevention of microglial activation, anti-inflammation, reduction of nitric oxide synthesis, inhibition of monoamine oxidase (MAO), which are the main modes of neuroprotection.




        Plants have been an excellent source of medicine since ancient times. For thousands of years, plants have played a notable role in sustaining human health and enhancing the quality of life, as valuable components of medicines, seasonings, drinks, cosmetics, and dyes. The emphasis on plant science has increased worldwide in modern times, and a vast body of evidence has been gathered to demonstrate the tremendous potential of medicinal plants used in different conventional systems. Since time immemorial, plant-derived natural products have developed their own niche in the treatment of neurological diseases. Plant derived molecules that emphasize the behavioral, cellular, or biochemical aspects of neuroprotection found in cellular or animal models of the disease have been thoroughly investigated. In a dynamic interplay of various pathways in both normal aging and neurodegenerative diseases, free radicals play a crucial role [90]. Free radicals and other reactive oxygen species, collectively known as ROS, are continuously produced under pathological conditions by normal physiological processes. They are simultaneously degraded by enzymatic and non-enzymatic antioxidant defense mechanisms to non-reactive forms.




        Active microglia increase in the striatum and SN in patients with PD. Microglial cells are macrophages in the brain which responds under various unfavorable conditions via rapid hypertrophic proliferation and expression of a number of cytokines. A variety of pro-inflammatory cytokines are released by active microglial upregulating cell surface markers, such as macrophage antigen complex 1. A number of these cytokines contribute to the inflammation phase, including IL-1, IL-6 and TNF-a [91]. Attenuating cytotoxicity caused by MPTP and improving cell viability are some of the most widely recorded mechanisms of action for plant extracts. The production of reactive oxygen species (ROS) results in the possible collapse of the mitochondrial transmembrane and dysfunction of the mitochondrial respiratory chain complex-1, which eventually leads to increased cytosolic Ca++ and mitochondrial cytochrome C concentrations, activating signalling pathways for apoptosis. The decrease in cellular free radicals therefore prevents apoptosis and preserves the role of mitochondria [92]. Mitochondrial quality control and dynamics are important for optimum neuronal functioning, with neuronal cell death triggered by any alteration. Brain autopsy samples from PD patients and animal models showed a decline in mitochondrial function of specifically complex I activity. Furthermore, mitochondria are active in mitophagy, thus keeping defective organelles under check.




        To treat PD, which has been studied in animal studies or clinical trials, quite a few herbal medicines and herbal formulations have been used. While no model has been able to recapitulate all the pathological characteristics of PD to date, preclinical PD research models (biochemical, cellular, and animal) have made a major contribution to our understanding of human PD. In order to mimic PD in vitro and in vivo, three neurotoxins, 6-hydroxydopamine (6-OHDA), 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) and rotenone, are the most effective agents to date.




        The dopamine transporter takes up 6-OHDA and produces free radicals. MPTP is converted into MPP+ by monoamine oxidase B and then taken up by the transporter of dopamine and can be stored by mitochondria, leading to inhibition of complex I and free radical generation. Rotenone is a direct inhibitor of complex I, which results in the production of free radicals as well. C57/BL6 mice, Wistar rat and PC12 and SH-SY5Y cells could serve as useful models for assessing the efficacy and side effects of in vivo or in vitro symptomatic PD treatments, respectively. Significant cellular actions of cell death have been established through comprehensive analysis of these models, including oxidative stress, mitochondrial dysfunction, excitotoxicity, neuro-inflammation and nitric oxide, etc.




        As plants generate large quantities of antioxidants to escape the oxidative stress induced by photons and oxygen, they are a possible source of new antioxidant activity compounds. In order to find active and therapeutically beneficial compounds from plants- Ayurveda, the oldest medicinal method in the world, offers plenty of leads about the plant derived bioactive compounds. In Indian traditional medicine, polyherbal preparations may have antioxidant activity stemming from individual plants and may function synergistically to avoid aging and associated degenerative diseases. Such widely used plants have been tested and their capacities for antioxidants have been compared. In the 21st century, additional studies to isolate active principles from these plants would be of great medicinal significance.




        By using the neurotoxin 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP), the best-characterized animal model of PD has been developed. Remarkable clinical symptoms similar to intermittent PD in human results after injection of MPTP. MPTP crosses the blood-brain barrier after systemic administration and is metabolized in astrocytes by MAO-B to its active metabolite,1-methyl-4-phenyl-pyridinium ion (MPP+) [93]. Due to its affinity with DA transporters, MPP+ is selectively absorbed by DA-ergic neurons, resulting in selective toxicity to DA-ergic neurons. Infusion of MPP+ into the median forebrain bundle (MFB) or striatum or SNpc in rats resulted in a substantial loss of SNpc DA-ergic neurons, ensuring improvements in the lesion's behavioral, neurochemical, and biochemical aspects [94]. The first agent used to model PD was the neurotoxin 6 hydroxydopamine (6-OHDA).




        The PD 6-OHDA model is based on the production of free radicals and the effective reversible inhibition of the Complex-I and -IV mitochondrial electron transport chain (ETC). Rotenone is a naturally occurring plant-derived compound that has been used in vegetable gardens as an insecticide and also for the reduction or sampling of fish stocks in lakes or reservoirs. Rotenone is considered to be a high-affinity selective inhibitor of the inner mitochondrial membrane ETC Complex-I enzyme involved in oxidative phosphorylation. More than 20 years ago, it was shown that rotenone MFB infusion caused harm to the nigrostriatal pathway dopaminergic neurons. Several years later, it was recorded that by sparing SNpc but damaging both nucleus caudate putamen (NCP) and globus pallidus, systemic administration of rotenone created a unique pattern of CNS damage [95].




        Mucuna pruriens: In clinical trials, powdered seed formulations of Mucuna pruriens showed beneficial effects on patients with Parkinson's disease, with a quicker onset of action and also without the concomitant rise in dyskinesia. A commercial preparation of Mucuna pruriens, Zandopa (HP-200), is available for the treatment of PD [96]. Scientific research has shown that levodopa is present in Mucuna pruriens, which could provide a long-term improvement in PD [97].




        Resveratrol: Resveratrol is a natural phytoestrogen contained predominantly in grapes and red wine and is noted for its neuroprotective effects by reducing oxidative stress. In the MPTP-mediated PD mouse model at the molecular level, resveratrol downregulates α-syn expression mediating miR-214, and neurotoxicity induced by MPP+ in neuroblastoma cells [98]. Resveratrol prevents the formation of fibrils and oligomers and also stabilizes or disaggregates the α-syn oligomers and may thus be potentially useful compounds for the production of pharmaceuticals and medicines.




        Ficus religiosa: Ficus religiosa. L (Moraceae) commonly referred to as “Pimpala” or “Pipal” tree is a tall, narrowly deciduous, heart-shaped tree with spreading branches and gray bark, without aerial roots from the branches [99]. Hindus and Buddhists consider the tree sacred. It is known by many vernacular names in India, the most frequently used being Asvatthah (Sanskrit), Sacred Fig (Bengali), Peepali (Hindi). In animals with Parkinson's disease, the petroleum ether extract of the Ficus religiosa plant proved to be an antioxidant and showed a promising impact.




        Saponins: The abundant group of secondary plant metabolites are saponins, which can be categorized as steroids, triterpenoids, and glycosides [100]. Oleuropein (present in olive oil), resveratrol (present in grapes), curcumin (present in turmeric), astaxanthin (a carotenoid present in fruit and vegetables), catechins (present in black and green tea), and lycopene (present in tomatoes) are common polyphenols in foods [101]. These polyphenols prevent the formation and fibrillation of α-syn aggregation of amyloid protofilaments and fibrils and have also shown protective effects in neurodegenerative diseases. Polyphenols are an essential class of compounds that can effectively inhibit α-syn assembly. Several of them also inhibited α-synfilament assembling with IC50 value even with very low [102, 103] concentration.


      




      

        Neuroprotective Activity of Bioactive Compounds from Herbs




        In traditional medicine, 22,500 medicinal herbs are used throughout China, of which only a few have been successfully investigated for possible production into herbal formulations for the treatment of PD in animal experiments or clinical trials [104]. Regardless of our success in understanding the pathogenesis of PD, traditional medicines have not achieved sufficient results for pharmacological therapies. It is therefore possible that the use of bioactive compounds from natural sources can give rise to more suitable potential candidates for PD preventive therapy. Comprehensive research into the development of novel compounds for neuroprotective drugs has shown that natural products, such as plant extracts and their bioactive compounds, may have considerable potential as lead candidates for neuroprotection in the treatment of PD. Herbs and extracts function as antioxidants to relieve oxidative stress, dopamine transporter (DAT) or MAO-B inhibitors to reduce neurotoxicity, scavenge free radicals, chelate harmful metals, modulate cell survival genes and signals of apoptosis, and even improve blood circulation in the brain [105]. Within the sense of ancient herbal medicine systems, Asian countries, such as India, China, Japan, and Korea, have used various combinations of herbal formulations to treat PD. By deriving patient-specific cell lines from individuals with sporadic variants of PD and even those with recognized disease-causing mutations, cell culture techniques make it possible to reproduce few of the features.




        Although there are several other therapies available, such as monoamine oxidase-B (MAO-B) inhibitors that delay the catabolism of dopamine, antioxidants that minimize free radical damage, growth factors that rescue dopamine neurons, and tissue transplants, there is still a significant unmet medical need for PD. Pathogenesis and development of PD was associated with inflammation, oxidative stress, free radical toxicity, decreased growth factors, and apoptosis in several areas [106]. There is growing evidence that herbs and extracts attenuate the substantia nigra degeneration of dopamine neurons and improve Parkinsonism caused by 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) and 6-hydroxydopamine neurotoxins (6-OHDA).




        Ginseng and Ginsenoside: Ginseng is Panax ginseng and Panax notoginseng (Araliaceae), whose dried root and rhizome is centered on the belief that it is a general tonic for the promotion of strength, wellness, and longevity, ginseng is a valuable herb in herbal medicine that has been used for over several centuries. Many forms of diseases, including ischemia, anemia, diabetes mellitus, gastritis, and insomnia, have been treated with ginseng aqueous extract [107]. There are more than 30 ginsenosides, of which ginsenosides Rb1, Rd, Re, and Rg1 are the key active ingredients responsible for its vibrant pharmaceutical actions [108].




        In SH-SY5Y human neuroblastoma cells, the aqueous extract of Panax ginseng has been investigated for its protective effects against the cellular model of parkinsonism such as 1-methyl-4-phenylpyridine (MPP+) mediated cytotoxicity. The study showed that Panax ginseng aqueous extract reduced overproduction of reactive oxygen species (ROS), cytochrome C release and caspase-3 activation, increased Bax/Bcl-2 ratio, and thus increased cell survival in SH-SY5Y cells treated with MPP+ [109]. In addition to Panax ginseng, saponins, obtained by induction of thioredoxin-1 from Panax notoginseng, have a very potent neuroprotective effect on MPP+ mediated toxicity to PC12 cells and Kunming mice [110].




        In the MPTP model, ginsenoside Rg1 had a protective impact on apoptosis in substantia nigra neurons, and pretreatment with ginsenoside Rg1 prevented the loss of Nissl staining neurons and tyrosine hydroxylase-positive neurons and decreased the percentage of TUNEL-positive cells and caspase-3 activity [111]. Pretreatment with different doses of Rg1 prevented the decrease of glutathione and superoxide dismutase activation, attenuated JNK and c-Jun phosphorylation in substantia nigra neurons and defended against MPTP-induced substantia nigra neuronal death. The antioxidant properties of Rg1 can contribute to the neuroprotective effect against MPTP toxicity, along with the blocking of JNK signals. Neurotrophin-like effects on survival and neurite development of cultured embryonic mesencephalic dopamine neurons affected by MPP+ toxicity was also found to be Ginsenosides Rb1 and Rg1. Compared to regulation, Ginsenoside Rb1 increased mesencephalic dopamine neuron survival by 19 percent, where MPP+ significantly decreased the amount of dopamine neurons and seriously impacted neuronal processes. Ginsenosides Rb1 and Rg1 counteracted neuronal degeneration and reduced the duration and number of dopamine neurite neurons when compared to the dopamine alone treated group [112].




        Green tea: Green tea is rich in polyphenols, a group of neuroprotective chemical compounds, and tea polyphenols can protect against PD and potentially minimize the occurrence of PD. In both in vitro and in vivo , the neuroprotective role of green tea polyphenols has been established. The key biological effects identified by green tea polyphenols include antioxidants, Dopamine Transporter (DAT) inhibition that decreases the absorption of dopamine and methyl-4- phenylpyridine, free radical scavenging, and iron chelating activity. These biological effects have indicated a possible therapeutic use of green tea polyphenols in cell culture and animal model studies in the prevention and treatment of PD. To investigate the neuroprotective properties of molecules, the MPTP model of PD is widely used. Neuroprotective effects of polyphenols of green tea on neurons of nigral dopamine have been established. Polyphenol (-)-epigallocatechin-3-gallate (EGCG) present in green tea has attenuated the degeneration of dopamine neurons in the substantia nigra via their antioxidant activity [113].




        Interestingly, 3H-dopamine and 1-methyl-4-phenylpyridinium (MPP+) prevented the uptake of green tea polyphenols and protected dopamine neurons from toxicity via inhibition of DAT activity. in vitro and in vivo studies of DAT-pCDNA3- transfected Chinese Hamster Ovary (DAT-CHO) cells and mouse striatal synaptosomes have observed the inhibitory effects of polyphenols on 3H-dopamine uptake. By downregulating the inducible NO synthase and TNF-alpha expression, EGCG potently inhibited LPS-activated microglial secretion of nitric oxide (NO) and tumor necrosis factor-alpha (TNF-alpha). In both the human dopaminergic cell line SH-SY5Y and in primary rat mesencephalic cultures, EGCG exerted strong defense against microglial activation-induced neuronal injury. Green tea extract EGCG prevented oxidative stress in animal models of PD, especially nitric oxide-mediated MPTP-induced PD in mice by inhibiting nNOS in substantia nigra. Oral EGCG administration retained striatal dopamine levels, prevented dopamine neuron loss and reduced nNOS expression in substantia nigra [114]. Neurodegeneration caused by MPTP and 6-OHDA in rodents and non-human primates is associated with increased iron and alpha-synuclein presence in substantia nigra.




        Green tea polyphenol EGCG had an effect on substantia nigra on iron and alpha-synuclein, and EGCG, as well as brain-permeable VK-28 series derivative iron chelators, prevented iron and alpha-synuclein accumulation in substantia nigra of MPTP-treated mice [115]. In addition, green tea polyphenols have been shown to attenuate activation and cell death of 6-OHDA-induced nuclear factor-kappaB (NFkappaB) in neuronal cultures. The application of green tea extract prior to 6-OHDA inhibited both nuclear NF-kappaB translocation and cultured neuron binding activity. The neuroprotective function may also be due to the prevention of NF-kappaB-promoting nuclear translocation and activation of cell death [116]. Green tea polyphenols are also known as therapeutic agents aimed at altering brain aging and the progression of PD with natural antioxidants. Amyloid precursor protein (APP) secretion was modulated by EGCG and defended against Abeta toxicity in human SHSY5Y neuroblastoma and rat PC12 cells. EGCG rescued PC12 cells in a dose-dependent manner against Abeta toxicity. EGCG has also showed protective effects against neurotoxicity caused by Abeta and it also controlled the secretory processing of non-amyloidogenic APP through the PKC pathway [117].




        Catechins, (-)-Epigallocatechin-3-Gallate (EGCG) and theaflavins contained in black and green tea, is a defensive agent against neurodegenerative diseases [118-120]. Theaflavins that inhibit the development of amyloid-b and fibrillogenesis of α-syn are present in fermented black tea [121]. These bioactive compounds smoothen the progress of the α-syn and amyloid-b assembly into harmless, spherical aggregates that are unable to undergo changes in amyloid plaque formation. EGCG binds directly to and inhibits the conversion of native unfolded polypeptides into toxic intermediates [122]. For targeted drug delivery, the combination of EGCG with its unique α-syn proteolytic peptide sequences was well developed and α-syn fibrillation was found to be prevented. Such data, in combination, indicates that EGCG may be a successful therapy for neurodegenerative diseases and a good candidate for inclusion in diets and the development of pharmaceutical drugs.14 polyphenolic compounds and theaflavin-containing black tea extract were investigated and found to be scutellarein, baicalein, myricetin, nordihydroguaiaretic acid, and (-)-epigallocatechin-3-gallate (EGCG) derived from black tea extract. Green tea extract has been the perfect active ingredient that can be used to examine its direct effect on the inhibition of α-syn oligomer formation in experimental PD models.




        Polygonum cuspidatum: A perennial herb, Polygonum cuspidatum is mainly used in traditional Chinese medicine and other Asian cultures. The neuroprotective potential of P. cuspidatum-derived resveratrol (RES) in 6-OHDA induced mice has been shown in recent studies. Its antioxidant-lowering and antiapoptotic abilities exert a defensive effect [123]. In another study, dopaminergic neuronal loss and neurobehavioral defects escaped following 6-OHD injection in male wistar rats pretreated with RES. This effect is likely to be caused by upregulation of the status of antioxidant enzymes and mitigation of deprivation of DA.




        Pueraria thomsonii Benth: is an herbal remedy enriched with puerarin, daidzin, daidzein, and genistein isoflavonoids. The neuroprotective effect of genistein in dopaminergic neurons has been documented in PC12 cells differentiation with the 6- OHDA mediated nerve growth factor (NF). There was an inhibitory effect of genistein and daidzin on caspase 3 and caspase 8 activation, thereby preventing apoptosis [124].




        Baicalein and baicalin: Baicalein and baicalin are flavonoids present in the herbs Scutellaria baicalensis and Bupleurum scorzonerifolfium (S/B) in large concentrations. These compounds have been shown to attenuate substantia nigra with iron-induced lipid peroxidation and DA depletion. They can also increase GSH levels, impede alpha-synuclein aggregation, and decrease mitochondrial stress and apoptosis caused by iron. Alpha-synuclein disaggregation by baicalein is mainly because of its functionality with 3-OH group attached to the benzene ring, which may act as a molecular target. A substantial decrease in nitric oxide synthase and inflammatory markers was also observed in the substantia nigra of S/B remedy-treated neurotoxic rat brain. In addition, baicalein-ameliorated 6-OHDA mediated toxicity in SHSY-5Y cells by reducing phosphor-JNK and caspase activity [125]. In MPTP induced PD mice, Baicalein pretreatment improved behavior, increased DA and melatonin in the striatum, this can be shown as a potential mechanism of action [126].




        Curcumin: Acombination of curcumin and b-cyclodextrin showed that the synergistic inhibition of α-syn aggregation in study groups often degraded the aggregates to monomers at very low concentrations [127, 128].The curcumin's ability to act as a therapeutic agent in PD was further improved by a well-balanced arrangement of the phenolic groups, benzene rings, and versatility. The phenolic structure classes assist to enhance the interactions of curcumin with α-synmonomers and oligomers. Transfected PC12 cells with recombinant plasmids, a-syn-pEGFP-A53T downregulated α-syn expression or oligomer formation via the regulation of mitochondrial membrane potential mediated by apoptosis [129]. The in vitro α-syneffect of curcumin was also reconfirmed through in vivo studies using genetic mouse models of synucleinopathy. The increase in phosphorylated forms of α-syn at the cortical presynaptic terminals was also seen by curcumin, but it was noted that it had no direct effect on the aggregation of α-syn . However, motor and behavioral efficiency improved [130]. Curcumin is less soluble and also less stable because it has restricted oral bioavailability, so many nanoformulations and structural analogs have been increasingly developed to boost its solubility, stability and also increase its oral bioavailability [131-133]. For targeted delivery, nanoformulation containing curcumin and piperine with glyceryl mono-oleate nanoparticles coated with multiple surfactants was produced to boost its bioavailability in the brain [134]. It has been shown that nanoformulation decreases oxidative stress and apoptosis, and also prevents oligomerization and fibrillation of α-syn and thus induces autophagy. There was another nanoformulation prepared by sol-oil chemistry with lactoferrin, which improves rotenone-induced neurotoxicity in dopaminergic SK-N-SH cells [135], which showed better bioavailability, improved cell viability, even attenuated oxidative stress, and thus reduced tyrosine hydroxylase and α-syn expression. Furthermore, nanoformulation enhanced motor deficits and improved the expression of dopamine and tyrosine hydroxylase with the promotion of α-syn clearance in the PD mouse model [136]. In the rat model of lipopolysaccharide-induced PD, curcumin also inhibited α-syn aggregates in dopaminergic neurons and thereby attenuated oxidative stress, apoptosis, inflammation, and motor deficits [137]. The anti-Parkinson’s effects of various plants, herb bioactives’ in in-vivo and in-vitro are shown as in the Table 5.




        

          Table 5 Mechanism of action of various plant extracts using in-vitro and in-vivo models for PD Treatment.




          

            

              

                	Source



                	Model Used for the Study



                	Mechanism of Action



                	Reference

              


            



            

              

                	Triple herbal extract DA-9805



                	Male C57BL/6 mice and SH-SY5Y human neuroblastoma cells



                	Neuroprotective effect via amelioration of mitochon-drial damage.



                	[138]

              




              

                	Sida cordifolia Evolvulus alsinoides and Cynodon dactylon extract



                	Rats



                	Antioxidant, anti-inflammatory and neuro-regenerative effects



                	[139]

              




              

                	Aqueous extract of S. cordifiloia and its subfractions



                	Rotenone-induced rat model of PD



                	Protection from behavioral and oxidative stress related damages, dopamine loss caused by prolonged rotenone exposure.



                	[140]

              




              

                	EGb761; from Ginkgo biloba L



                	MPP + induced in-vivo mice models



                	Antioxidant potential



                	[141]

              




              

                	1-methyl-4-phenyl-1,2,3,6 tetrahydropyridine (MPTP) and 6- hydroxydopamine (6-OHDA) induced PC12 cells



                	Reduction of cell apoptosis, Increased Bcl-2 expression by inhibiting caspase-3 activity.



                	[142]

              




              

                	Tussilagone from Tussilago farfara



                	BV-2 microglial cells.



                	Anti-inflammation and inhibition of nitric oxide and PGE 2 production in LPS activated microglia Suppressing the expression of protein and mRNA of inducible nitric oxide synthase and COX-2.



                	[143]

              




              

                	Green tea polyphenols



                	SH-SY5Y cells



                	Protected against 6-OHDA-induced toxicity. Suppressing the ROS-nitric oxide pathway and preventing Ca 2+ accumulation in the cells.



                	[144]

              




              

                	Black tea polyphenol- theaflavin



                	Mice



                	Neuroprotection in the MPTP and probenecid induced model



                	[145]

              




              

                	Delphinium denudatum



                	1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) and 6- hydroxydopamine (6-OHDA) rat.



                	Prevents lipid peroxidation and depletion of GSH content in the SNpc area. Increased SOD and catalase activities



                	[146]

              




              

                	Olive (OleaeuropaeaL.) leaf extract



                	6-OHDA-induced PC12 cells.



                	Antioxidant and antiapop-totic effects



                	[147]

              




              

                	SF-6 compound from Indigo feratictoriaL. Plant



                	6-OHDA model of the disease in-vitro and in-vivo




                	Scavenging free radicals; Protect SH-SY5Y cells from toxicity caused by α-synuclein, 6-OHDA or Hydrogen peroxide



                	[148]

              




              

                	
Cinnamomum sp.


                Cinnamon extract




                	
Drosophila expressing mutant A53T α-synuclein in the nervous system



                	The extract attenuated behavioral abnormalities and α-synuclein aggregat-ion in the diseased flies



                	[149]

              




              

                	Aqueous extract of Selaginella delicatula (Alston plant)



                	Rotenone induced PD in Drosophila




                	The extract protected against rotenone induced lethality, motor dysfunc-tion; oxidative stress, mitochondrial dysfunction and neurotoxicity


                The extract normalized the activity of NADH-cytochrome c reductase and succinate dehydrogenase enzymes



                	[150]

              




              

                	
Sesame Seed Oil


                (Sesamum indicum L.)




                	1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) and 6- hydroxydopamine (6-OHDA). 6-OHDA-induced PD in mice



                	Dopamine level and antioxidant enzymes were significantly increased. Inhibited NADPH oxidase dependent inflammatory pathway and protect against 6-OHDA toxicity



                	[151]

              




              

                	Petroleum ether extract of Ficus religiosa leaves



                	6- hydroxydopamine (6-OHDA) induced experimental rat animal models.



                	Improved motor perfor-mance and also signi-ficantly attenuated oxida-tive damage.


                Significantly attenuated the motor defects and also protected the brain from oxidative stress.



                	[152]

              




              

                	Green tea polyphenols and the major component EGCG



                	PC12 cells



                	EGCG inhibited lipopolysaccharide (LPS)-induced microglial activation, which may play a pivotal role in inflammatory damage of dopamine neurons in PD.


                Showed protective effect on 6-OHDA-induced apoptosis via antioxidant action.



                	[153]

              




              

                	Ginsenosides Rb1 and Rg1 of ginseng



                	MPTP induced toxicity in mice.



                	Ginsenoside Rg1 reduced MPTP-induced substantia nigra neuronal loss by suppressing oxidative stress and MPTP toxicity



                	[154]

              




              

                	Flavonoid Baicalein



                	Primary midbrain neuron cultures from E-14 rat embryos.



                	Neuroprotective effect of baicalein on dopamine neurons it possessed anti-inflammatory and antioxi-dant properties.


                Production of TNF-alpha and free radicals such as NO and superoxide by LPS stimulation were also attenuated by baicalein at a concentration dependent pattern.



                	[155]

              




              

                	Ginsenoside Rg1



                	PC12 cells induced by dopamine.



                	Rg1 protected PC12 cells against apoptosis by inhibiting the activation of caspase-3 and regulating the ratio of Bcl-2 to Bax expression.


                Rg1, the percentage of apoptotic cells and caspase-3 activity decreased, and the percentage of cells with positive Bcl-2 protein increased.



                	[156]

              




              

                	Oil from ganoderma lucidum spores



                	MPTP animal model of PD.



                	Treatment with ganoderma spores oil increased surviving dopamine neurons in the substantia nigra and levels of dopamine in the striatum, attenuated involuntary motor sympotoms of mice.



                	[157]

              




              

                	Flavonoid Wogonin (5,7- dihydroxy-8-methoxy flavone) from the root of Scutellaria baicalensis Georgi



                	PC12 cultured cells.



                	Wogonin inhibited inflammatory activation of cultured brain microglia by diminishing lipopolysaccharide-induced TNFalpha, interleukin-1beta, and NO production.


                Inhibition of inflammatory activation of microglia by wogonin led to the reduction in microglial cytotoxicity



                	[158]

              




              

                	Baicalein- flavone from the roots of Scutellaria baicalensis Georgi



                	SHSY5Y and HeLa cells



                	Baicalein prevents α-syn fibrillation and protects against neurotoxicity by preventing α-syn oligomer formation


                Baicalein interacts with α-syn through a tyrosine residue.



                	[159-162]

              




              

                	Curcumin from turmeric



                	Rats



                	Enhanced LRRK2 mRNA and protein expression, inhibited oligomerization of mutant α-syn into higher molecular weight aggregates.


                Possesses antioxidant, anti-inflammatory, and antiapoptotic properties.



                	[163-165]

              




              

                	PC12 cells



                	Strongly bound to the hydrophobic nonamyloid- b component of α-syn ameliorates A53T mutant α-syn-induced PD.


                Involved in macroautophagy, a process in the degradation pathway that clears proteins in cells by activating the mTOR/p70S6K signaling pathway.



                	[166, 167]

              




              

                	Bacopa monnieri (Brahmi)



                	Transgenic PD model in C. elegans



                	Supplementation attenuates α-synuclein aggregation and slows down degeneration of DA-ergic neuron



                	[168]

              


            

          




        


      




      The etiology of PD is not well known and the development of neurodegenerative disorders have been shown by a lot of research in this area. The current therapeutic strategy against PD relies mainly on treatment with Levodopa, which can delay the progression of the disease to a limited degree with associated side effects. However, there is no possible treatment available that is capable of preventing development or providing PD with a full cure. The development of a potential drug for the treatment of PD is, therefore, of utmost importance. In drug production, there are many factors that are taken into account: toxicity, the ability to cross BBB, source, dose, efficacy, structure, combinatorial effect, clinical studies, molecular mechanism of action, etc. Therefore, the focus of the present review was on discussing the function of natural plant extracts that were studied for PD. There are, however, many plants that have been shown to be helpful for neurodegenerative diseases. However, due to their minimal toxicity and good anti-inflammatory and anti-oxidative ability, only a few plants were chosen for the current study. Several plants have been found to share a very similar mechanism of action that includes redox stabilization and mitochondrial function replenishment. This is significant, in particular, because oxidative stress and mitochondrial dysfunction are known to be mainly involved in PD pathology. They have also been shown to provide similar advantages in both familial (transgenic animal model or human patient) and intermittent forms of PD (toxin-induced e.g. MPTP, PQ, Maneb, Rotenone). In addition, it has been found therapy with few herbal extracts as well. Natural herbs offer better protection compared to levodopa treatment. These results indicate the need for a comparative review of these herbs with medicinal potential. These herbal extracts have also been found to improve mitochondrial function and thus provide protection for DA-ergic neurons in the SN region of the brain. In order to explore the underlying molecular mechanism and associated signaling pathways, however, further studies are needed.




      

        Huntington’s Disease




        Huntington's disease (HD) is a progressive neurodegenerative autosomal-dominant inherited condition, associated with short involuntary movements and gradual loss of higher neuronal functions, like cognition accompanied with certain psychological symptoms. While the disorder has the ability to occur from infancy to old age at any period, it typically starts between the ages of 35 and 50 and progresses steadily. Symptoms comprise weakened mental capacity weakening that leads to personality change, like depression and suicidal thoughts. Relatively uncommon signs of HD are loss of psychomotor functions due to poor muscle control and irregular jerky involuntary movements, aggressive activity and dementia development [169]. HD is triggered by a normal CAG trinucleotide polyglutamine expansion at the IT 15(HTT) gene N-terminus, because it codes for the protein huntingtin (Htt) and is situated close to the chromosome 4 (4p16.3)tip, near to the telomere [170]. Htt is usually extensively upregulated in the brain and is reported in other organs such as the liver, heart, and lungs. Even though specific role of Htt has yet to be uncovered, embryogenesis and growth have been found to be involved. Htt plays a major role in the postembryonic development of few brain areas as well as in the existence of neurons [171]. The major changes seen in the body during HD condition are shown in Fig. (4).




        During HD condition, transcription of the mutant huntingtin occurs due to the amplified CAG repeats present in the HTT gene. The number of CAG repeats in a healthy individual is around 10-30, while there are 38-120 repeats in patients with HD. The progress and earlier initiation of the disease is reflected in number of repeats of these CAGs. The repetition of the CAG will result in protein aggregation inside the striatal neurons which is further degraded into long and short parts. They impair cell function in a variety of ways as short reactive pieces




        misfold and clump together and aggregate in the nerve cells, which tends to be a major reason for neurodegeneration [170].




        
[image: ]


Fig. (4))


        Changes during HD condition in the human body.



        A broad array of different neurotoxicity mechanisms has been proposed, which include proteasome activity inhibition, caspase activation, transcriptional pathway dysregulation, and enhanced ROS generation. The affected areas in HD are primarily in the striatum corpus (caudate nucleus and putamen) and cortex (frontal and temporal cortices). Many other nuclei, such as the globuspallidus, thalamus, hypothalamus, subthalamic nucleus, substantia nigra, and cerebellum are also influenced [172, 173]. The neuropathological characteristic of HD is the caudate nuclei disintegration of the basal ganglia located in the lateral ventricle brain, whereas in the putamen, it is leastconspicuous. As the disease advances, there is a rise in caudate neuronal loss, and both astrocytes and microglia in the caudate grey matter are partially substituted. No major gliosis is found in the early phases. The relatively weak signals from the subthalamic nuclei of the striatum thus decreases the initiation and movement modulation, leading to the distinctive moves of the disease [174].


      




      

        Plant Extracts Proven to be Effective for Treatment in in-vitro, in-vivo and Clinical Studies




        Nature is the greatest computational physician and undoubtedly has solutions to many human diseases. Several types of plants that growing worldwide have a significant therapeutic effect on the body. There are preventive or therapeutic effects on different neurodegenerative disorders from the natural compounds with the influence of anti-oxidant, anti-inflammation, anti-apoptosis, calcium antagonization, and neurofunctional control [175, 176]. Many of the plants and phytochemicals, which have demonstrated potency against neuronal dysfunction induced by3-NP, a commonly used HD animal model, are addressed below:




        

          



          a). Bacopa Monnieri




          Bacopa monnieri or Herpestis monniera, commonly known as Brahmi grows in subcontinent India and is given much importance in Ayurveda. It has been used for treating anxiety, epilepsy, insomnia, as well as memory booster from ancient age [177, 178]. The key bioactive components detected in the plant are tri-terpenoid saponins, which are from dammarane group as well as Bacosides A and B [177, 179]. Other than these main components, the presence of different Saponins comprising bacopasaponin A-G were also found [180] with jujubogenin, pseudojujubogenin, bacopaside I-V, X, N1 and N2 [181]. Brahmine, herpestine, and monnierin are some of the other components which are present in the plant [182]. Many number of studies have proved the memory boosting effects of the plant [183, 184]. Bacoside A. is shown to possess memory enhancing property among different components present [185]. There are different mechanisms like metal ions chelation, free radical scavenging, improved antioxidative defense enzymes which are supporting in the neuroprotective and memory enhancing effects of BM extracts [186]. In addition to this, it also exhibits anti-stress [187], antiulcerogenic antidepressant [188], anxiolytic [189], hepatoprotective [190] effects. Succinate dehydrogenase (SDH), which is a mitochondrial enzyme and the electron transport chain complexes II-III inactivates 3-NP [191]. It also raises the ROS, MDA and FFAs levels indicating that oxidative stress plays a crucial role in neurotoxicity development [192]. BM leaf powder intake considerably lowered basal levels of many oxidative markers, increased antioxidant molecules linked to thiol and antioxidant enzyme activity, indicating its antioxidant capacity. One research has shown that dietary BM supplements contribute to substantial defence against brain oxidative damage caused by neurotoxicants [11, 180]. The research indicates that BM may be beneficial in HD treatment because of the powerful antioxidant effect and the inhibitory activity against stress-induced neuronal disorders.


        




        

          



          b). Ginkgo Biloba (Maidenhair Tree, Family: Ginkgoaceae)




          Ginkgo biloba L., a Chinese traditional medicinal plant [193] renowned as the “living fossil” [194] is the oldest living species in the world. The leaf of the plant contains trilactonicditerpenes: Ginkgolide A-C, Ginkgolide J-M; a trilactonicsesquiterpene: Bilobalide; flavonoids such asisorhamnetins, quercetin, kaempferol, and biflavonoids (amentoflavone, bilobetin, 5-methoxybilobetol, sciadopitysin, ginkgetin, andisoginkgetin); and proanthocyanidins [195, 196]. Ginkgo leaf extract has displayed therapeutic potential towards disorders such as Alzheimer's, cardiovascular diseases, cancer, stress, tinnitus, geriatric problems such as vertigo, macular degeneration associated with age, and psychiatric disorders such as schizophrenia [197]. These robust effects of the Ginkgo leaf are because of its antioxidant effect, anti-platelet activating factor (Anti-PAF) activity, beta amyloid peptide (Aβ) aggregation inhibition which helps in inhibiting the development of AD [198], reduced peripheral benzodiazepine receptor expression for stress relief and activation of relaxing factor originated from endothelium which enhances blood circulation [199]. There was a 3-NP induced neurobehavioral deficits improvement due to G. biloba extract given in a concentration of 100 mg/kg, i.p. for 15 days [200] along with the striatal MDA level reduction. There was a down as well as up-regulation of striatal glyceraldehyde-3-phosphate dehydrogenase and Bcl-xl expression levels by the action of standardized G. biloba extract (EGb 761), respectively. These results, along with histopathological analysis gives an evidence for neuroprotective effect of EGb 761 in HD [42].


        




        

          



          c). Withania Somnifera




          Withania somnifera, belonging to solanaceae family generally called Ashwagandha, is an Ayurvedic medicine which is used for the endurance and strength enhancement [201]. Many studies have indicated that WS can increase circulating cortisol and physical performance, on the other hand it is helpful for reducing fatigue as well as refractory depression [202]. It is also having a role in the modulation of different neurotransmitter receptor systems belonging to CNS [203]. GABAergic's role in the pathogensis of HD has been well recorded and the GABAergic system has been identified in WS. In 3-NP treated animals, WS root extract pre-treatment markedly increased cognitive function, reclaimed activity of the acetyl cholinesterase enzyme, and glutathione enzyme level [204, 205]. Due to its GABAergic and antioxidant action, the root extract of WS showed a potential neuroprotective effect toward 3-NP-induced neurotoxicity in rats and made it an effective result in the therapy of HD [55, 206].


        




        

          



          d). Curcuma Longa




          Curcuma longa (turmeric), is a perennial herb from the family Zingiberaceae. Turmeric contains curcuminiods, sesquiterpenes, starch as well as some essential oil. Majority of the curcuminiods are diarylheptanoid, and the curcumin is found to be a strong bioactive component derivative of it. The remaining two curcuminoids are called as desmethoxycurcumin, and bis-desmethoxycurcumin. The scavenging activity of superoxide, hydroxyl radicals, metal chelating effects [207], anti-mutagenic activity and antioxidant enzymes’induction ability are considered to be the major reason for the antioxidant capacity of turmeric [208]. Its ability to inhibit cyclooxygenase (COX)-2 upregulation related to its anti-inflammatory potential. Prolonged curcumin treatment had an impact on body weight improvement, reversed motor deficits, and elevated SDH activity in 3-NP rats. The enhanced 3-NP-induced motor and cognitive damage together with a strong antioxidant potential points out that curcumin can act as a key component in the HD treatment [209].


        




        

          e) Panax Ginseng C. A. Meyer and Panax Quinquefolium L (Ginsenosides)




          Ginseng root is a renowned herbal medicine and among them Asian ginseng (Panax ginseng C. A. Meyer) and American ginseng (Panaxquinquefolium L.) are the widely used ginseng species [210].The major active component present in the plant is ‘ginsenosides’ which is a tetracyclic dammarane triterpenoid saponin glycoside. Based on the structural variations, Ginsenosidesare categorized into three groups: the panaxadiols (Rb1-Rb3, Rc, Rd, Rg3, Rh2, and Rs1), panaxatriols (Re, Rf, Rg1-2, and Rh1) and oleanolic acid derivatives [211]. There are studies which states that ginseng along with its bioactive components are having effect against aging and some of neurodegenerative diseases [212]. It helps in the reduction of lipid peroxidation, excitotoxicity inhibition, as well as over-influx of Ca2+ into neurons, retains cellular ATP levels, protect the structural integrity of neurons, and also enhance cognitive performance [57]. Through blocking Ca2+ influx via glutamate receptors, Rb1 and Rg3 showed defensive effects on cortical neurons against glutamate-induced cell death. In rat hippocampal neurons, ginseng saponins are found to have inhibitory effect on both NMDA as well as hike in glutamate-induced Ca2+ levels [213]. Ginsenosides(Rb1,Rb3,Rd) have shown neuroprotective effect against 3-NP-induced striatal neuronal impairment [214, 215]. On the other hand, ginsenoside (Rb1, Rc, Rg5) have found to be effective in protecting the medium spiny neurons from glutamate-induced apoptosis in animal model. It has been assumed that neuroprotective effect of ginsenosides could be because of their ability to hinder glutamate-induced Ca2+ responses in spinal neuronal cells [216]. These findings strongly support that ginseng and ginsenosides can be utilized for the development of new HD treatment therapeutics.


        




        

          



          f). Centella asiatica (syn. Hydrocotyleasiatica)




          Centella asiatica, from the Umbelliferae family, has been used in the Indian traditional medicine, Ayurveda because of its ability to boost memory and effectiveness towards age related neurodegenerative disorders. Researchers have found its neuro-pharmacological effects in various aspects, including increased neurite elongation and hastening of neuro regeneration [217]. It also exhibits anti-oxidant property [218, 219]. The major chemical components from Centella asiatica, are triterpenoid saponins comprising asiaticoside, asiatic acid, madecassoside, and madecassic acid [220, 221]. The presence of brahmoside and brahminoside were detected in minor quantities [220, 222]. Other than this, betullic acid, triterpene acids, brahmic, and isobrahmic acid were also found in the plant [220, 222]. Centella asiatica, reduced the 3-NP-induced GSH level depletion, endogenous antioxidants, and total thiols in the striatum and other brain parts [222]. It has also shown protective effects against 3-NP-induced mitochondrial dysfunctions, such as, mitochondrial viability and SDH activity reduction [222]. The output of above mentioned researches undoubtedly pointing out the protective effect of Centella asiatica against oxidative stress induced neuronal damages along with its memory boosting power which will be helpful for treating HD-related disorders.


        


      




      

        Challenges on the Usage of Plant Extracts for Drug Preparation




        Despite the advancement of plant drug development initiatives over many years, ongoing attempts are facing several obstacles. In order to stay ahead with other drug discovery activities, the researchers of natural products and pharmaceutical companies would need to constantly enhance the functionality of compounds that reach the process of drug development [223].




        Various methods for plant drug development can be summarised as random screening subjected to bio-chemical analysis followed by safety as well as toxicological studies as shown in Fig. (5). The most commonly faced challenge is the lesser availability of the interested compound. This can be rectified by synthetic or semi-synthetic compound or by modifying the biosynthetic path-way of the compound through genetic engineering. The herbal drug development process is connected with quite a lot of hurdles. Crude plant extracts are generally prepared as tablets, capsules, as well as oral liquids. Due to issues faced in absorption, therapeutic effectiveness and poor compliance, these formulations are not effective. The dosage type of the tablet or capsule needs crude herbs to be powdered, and particle size influences the mixing, compression and filling operation. Moreover, due to the processing of huge amounts, high moisture content and the intrinsic nature of natural resources, uniformity is hard to achieve. Owing to their hygroscopic character, low solubility and stickiness, crude extracts are hard to develop in conventional tablet formulations. As drug development from plants is time-consuming, it is important to employ quicker and effective plant selection strategies, bioassay analysis, compound isolation and component development [224].




        
[image: ]


Fig. (5))


        Steps involved in drug development from plant extracts.



        Innovative approaches are required to improve the plant collection process, particularly with regard to the legal and financial problems involving profit agreements [225, 226]. For all drug discovery projects, the model, evaluation and implementation of effective, clinically applicable bioassays are challenging processes [227, 228]. While it can be difficult to design anticipated assays, compound and extract libraries can be tested for biological activity once a screening assay is in place. Solubility is the prevalent issue encountered during extract screening and the screening of extract libraries is also troublesome, but modern techniques such as extract pre-fractionation can mitigate many of these problems [229-231]. Obstacles in the screening process through bioassays remain an important concern for the potential discovery of drugs from medicinal plants. Using sophisticated techniques such as LC-NMR and LC-MS, the active compound isolation speed can be improved. The production of drugs from plant-isolated active ingredients is meeting specific challenges. In general, natural products are usually isolated in small amounts that are inadequate for conducting effective optimization, development and clinical trials. Therefore, alliances with synthetic and medicinal chemists need to be formed to broaden the scope of their semi-synthesis or complete synthesis [232-234]. The compound synthesis from natural extracts can also be enhanced by developing libraries of natural ingredients that integrate the characteristics of bioactive components with synthetic chemistry.


      




      

        Scope and Future of the Usage of Plant Extracts for the Preparation of Drugs




        Pure natural products or plant extracts exhibiting antioxidant activity have shown fairly positive results through in-vitro and in-vivo animal models, their success rates in human subjects are still unclear and indicate minimal effectiveness. This may partly be attributed to the reason that almost single substances are investigated in clinical trials. In comparison, in studies prior to clinical trials, analysis of plant extracts comprising a range of secondary metabolites is much more frequent. The integration of various active ingredients in extracts can have additive or synergistic effects, resulting in enhanced antioxidant or disorder modification activity.Clinical trial findings for phytochemicals have typically been highly variable, possibly based on the way these tests are done. A broad number of subjects of varying genetic and environmental backgrounds and sometimes even different disease signs and stages are explored in clinical studies.It may be essential looking more closely, not just at the broad understanding of the entire demograohy of patient, but at an individual person or specific groups of individuals, who demonstrate substantial progress and decide why they may respond to the medication, if others do not. This could lead to a deeper understanding of the possible use of antioxidants in certain patient groups, either of a certain genetic or environmental history, but this would be correlated with higher study costs, which will also contribute to the betterment of the neurological condition.




        In particular, clinical trials for the majority of natural plant extract have only focused at behavioural or cognitive changes in patients, with least studies having explicitly directly tested molecular markers of disease or oxidative stress. There is also a need for more exploration of multi-target drugs and drug cocktails. The one drug-one disease method that is commonly employed for several various treatments of diseases undermines this idea. However, since neurological disorders can be linked to various cellular dysfunctions induced by multiple external and internal causes, a multi-target drug method may be a smarter method ahead, particularly because of the complex nature of these disorders.
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