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Abstract
Background: Alzheimer's/ Parkinson's disease and other neurodegenerative diseases are severe and incurable health issues that affect millions of people. Phytochemicals are being increasingly studied, for their multitarget effects.
Aim: The aim is to examine research studies on multitarget natural products and phytochemicals for neurodegenerative diseases. 
Methods: This systematic review was conducted in accordance with the 2020 PRISMA guidelines. Searches from PubMed, Scopus, and Web of Science databases was conducted for original research studies published from the year 2020 to 2026. Included studies demonstrated evidence of multitarget action from in vitro or in vivo based studies. 
Results: The review showed that there is solid evidence for mulberroside A (a compound derived from mulberry), hesperetin and hesperidin (which are derived from citrus), extracts from Khaya grandifoliola, safflower yellow, alpha-terpinyl acetate (a compound derived from cardamom), and extracts from Atractylodes macrocephala. These compounds act on different mechanisms. They target harmful proteins (Aβ, tau, α-syn), reduce inflammation and oxidative damage. They also activate brain protective factors (PI3K/AKT, CREB/BDNF) and repair cholinergic function. In animal models, these compounds enhanced cognitive function, reduced neurodegenerative cell loss, diminished misfolded proteins, and reduced inflammation. 
Conclusion: There is evidence from the early stages of research that multitarget natural products could be a valuable means to combat AD and PD. In order to translate these compounds from plants into clinically viable products, there must be considerable effort directed toward the development of more effective targeting systems, such as the use of nanoparticles, along with the initiation of clinically-based studies.
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[bookmark: _GoBack]1.0 Introduction
1.1 Background and Aetiology of Neurodegenerative Diseases
Neurodegenerative diseases (NDs) are a collection of diverse progressive disorders that are marked by the progressive loss of structure, function, and eventual death of neurons in the central or peripheral nervous system. The symptoms that are linked to neuronal death caused by these disorders have debilitating effects such as loss of cognitive function, motor impairment, behavioral disturbances, and eventual severe disability and death (1,2). The most prevalent NDs include Alzheimer’s disease (AD) and Parkinson’s disease (PD) (2), amyotrophic lateral sclerosis (ALS), and Huntington’s disease (HD) (2), with the list also including prion diseases, frontotemporal lobar degeneration, and spinocerebellar ataxias (1). These conditions share common pathological mechanisms despite distinct clinical manifestations and selectively affected neuronal populations (3,2).
The pathology of NDs is multifactorial, with genetic, environmental, and age-specific factors playing a complex role in disease aetiology. Ageing is the strongest risk factor because cumulative cellular damage progressively overwhelms neuronal adaptive capacity (3,1). At the molecular level, ND pathogenesis is characterized by interdependent hallmarks including pathological protein aggregation (e.g., amyloid-β and tau in AD, α-synuclein in PD, TDP-43 in ALS), synaptic and neuronal network dysfunction, and aberrant proteostasis involving impaired protein folding and degradation via the ubiquitin-proteasome and autophagy-lysosome systems. Protein aggregates may spread in a prion-like manner across synapses and correlate with clinical progression, while oxidative stress, excitotoxicity, and chronic neuroinflammation amplify these pathological cascades, ultimately resulting in selective neuronal vulnerability and irreversible brain atrophy (4,3).
NDs are a significant and increasing worldwide health burden that is being predominantly fuelled by ageing of populations (5,6). As of 2024, the population of Alzheimer-related dementia among Americans aged 65 years and above is about 6.9 million individuals (about 1 in every 9 people of this age group) and is predicted to increase to 13.8 million by 2060 unless the disease receives a breakthrough treatment (6). Currently, there are over 55 million dementia patients globally (with 60–70% of these being AD), which is projected to grow to 139 million by the year 2050, most of them in low- and middle-income countries (7). AD is the seventh-leading cause of mortality in the United States and a major contributor to disability-adjusted life years (DALYs) worldwide (8).
Parkinson disease affects approximately 8.5 million people worldwide (based on estimates from 2019–2023) (9), and it becomes more prevalent after 50 years of age; in the United States alone, it is diagnosed in nearly 90,000 individuals annually. ALS has a prevalence of approximately 1.9 cases per 100,000 worldwide, while Huntington’s disease prevalence varies (around 2.7–5 per 100,000 in populations of European ancestry) (9). Another 2.8 million cases are of multiple sclerosis, which is not strictly a neurodegenerative disease. As a group, NDs are among the leading causes of mortality and disability in the elderly, with AD alone associated with more than 119,000 deaths in the United States in 2021 and enormous economic costs (about US$360 billion spent on dementia care in 2024, projected to nearly reach US$1 trillion by 2050) (6).
1.2 Current Therapies and Their Limitations for Neurodegenerative Diseases
The existing pharmacotherapy for NDs is largely symptomatic and provides only minimal, temporary benefits. In AD, treatment with the NMDA receptor antagonist memantine, as well as cholinesterase inhibitors (donepezil, rivastigmine, galantamine), is approved to offer limited cognitive stabilisation over 6–12 months in mild-to-moderate stages (10,11). Recently approved disease-modifying monoclonal antibodies (lecanemab and donanemab) target amyloid-β plaques and have shown moderate slowing of cognitive decline (approximately 27–35% reduction over 18 months in early AD), but they are associated with amyloid-related imaging abnormalities (ARIA), high cost, intravenous administration, and uncertain long-term benefit once dementia is established (10,12).
Dopaminergic treatments in PD (levodopa/carbidopa, dopamine agonists, MAO-B inhibitors) are effective in managing motor symptoms at early stages, but over time motor fluctuations, dyskinesias, and non-motor symptom progression develop and remain untreated by these agents (2). In ALS, riluzole and edaravone offer modest survival benefit, while nusinersen and tofersen target specific genetic forms (10). Huntington’s disease lacks disease-modifying therapy, though symptomatic management of chorea and psychiatric features is possible. Across NDs, major limitations include the inability to halt underlying neurodegeneration, poor blood–brain barrier penetration of many candidates, off-target side effects, and the multifactorial nature of disease that renders single-target therapies inadequate (4,11). No curative or truly disease-modifying therapy exists for the vast majority of patients (10).
1.3 Natural Products and Phytochemicals
Natural products are bioactive compounds derived from plants, microbes, and marine organisms, possessing diverse chemical scaffolds that serve various ecological functions, including defence and signalling (13). A major group of plant-derived natural products is phytochemicals, which are broadly classified into polyphenols (flavonoids, phenolic acids, stilbenes, lignans), terpenoids, alkaloids, and other groups such as carotenoids and organosulfur compounds (14). These compounds have been central to traditional medicine systems—including Ayurveda, Traditional Chinese Medicine, and African and Indigenous pharmacopoeias—for centuries and remain a cornerstone of modern drug discovery, with approximately 25–50% of approved pharmaceuticals critically dependent on natural product scaffolds (14,13).

Phytochemicals are chemically diverse and often contain multiple functional groups that enable multitarget engagement, antioxidant activity, metal chelation, and modulation of signalling pathways (15). Their structural complexity frequently provides advantages over purely synthetic compounds in interacting with protein aggregates, enzymes, and receptors implicated in neurodegeneration (15,16). This versatility underpins their ongoing relevance in drug development and therapeutic exploration across a wide range of diseases (17,13).

1.4 Potential Therapeutic Effects of Natural Products on Neurodegenerative Diseases
There is a substantial and growing preclinical and clinical literature supporting the neuroprotective potential of natural products and phytochemicals in NDs (18). Compounds such as curcumin (from Curcuma longa), resveratrol (from grapes and berries), epigallocatechin-3-gallate (EGCG from green tea), quercetin, ginsenosides (from Panax ginseng), withanolides (from Withania somnifera), rosmarinic acid, and phlorotannins (from marine algae) have demonstrated multitarget actions in cellular and animal models of AD, PD, ALS, and HD (19,18). These actions include potent antioxidant and anti-inflammatory effects, such as scavenging reactive oxygen species (ROS) and inhibiting NF-κB and microglial activation, inhibition of protein aggregation (amyloid-β, tau, α-synuclein), enhancement of proteostasis and autophagy, mitochondrial protection, modulation of neurotrophic factors (BDNF, NGF), and anti-apoptotic activity (11,10).
Systematic reviews and meta-analyses of preclinical data consistently demonstrate reduced neuronal loss, improved cognitive or motor function, and delayed disease progression (19). Clinical studies, while heterogeneous in design and quality, have reported cognitive benefits with herbal extracts (such as Ginkgo biloba, ginseng, and Bacopa monnieri), polyphenol-rich interventions (resveratrol, curcumin formulations, EGCG), and marine-derived compounds. Some trials show modest improvements in memory, executive function, or motor scores, with outcomes influenced by dose, formulation, bioavailability, and disease stage (4,12).
The multitarget profile of phytochemicals aligns particularly well with the multifaceted and interconnected hallmarks of NDs, offering a complementary or synergistic approach to conventional single-target therapies (20,21). Additional studies have highlighted their roles in modulating neuromuscular junction function, oxidative stress, and neuroinflammatory pathways, further supporting their broad therapeutic potential in neurodegeneration (22–24).
2. METHODOLOGY
2.1 Study Design and Research Protocol
To enhance internal validity, transparency, and reproducibility of the systematic review process, the searching, study selection, data synthesis, and reporting were carried out in compliance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA 2020) (25). Evidence on multitarget natural products and phytochemicals in the therapy of neurodegenerative diseases (NDs) was synthesized and evaluated in this review regarding their mechanisms of action and efficacy in preclinical and clinical models, as well as their drug development potential.
The research question was developed based on an adapted PICOS (Population–Intervention–Comparator–Outcome–Study design) framework (26), which was used to represent both preclinical and clinical evidence in this complex field. The population included patients or models with NDs such as Alzheimer disease (AD), Parkinson disease (PD), amyotrophic lateral sclerosis (ALS), Huntington disease (HD), or other dementias. The intervention involved multitarget natural products or phytochemicals (e.g., polyphenols, alkaloids, terpenoids, or plant extracts) with activity against multiple pathological mechanisms. Comparators included vehicle-treated controls, conventional therapy, or other relevant controls. Outcomes included neuroprotective mechanisms or efficacy outcomes such as behavioural improvements, pathology reduction, survival outcomes, and insights related to drug development (e.g., improved bioavailability or multitarget profiles). Study designs included in vitro experiments, in vivo animal models, and human clinical or observational studies.
An internally developed protocol was finalized before the searches began. However, it was not prospectively registered in a public database due to the dynamic nature of this interdisciplinary field and project limitations.
2.2 Eligibility Criteria
Eligibility criteria were defined using the PICOS framework (26). Studies involving cellular models, animal models of NDs, or human subjects with NDs (e.g., AD, PD, ALS, HD) were included. Interventions were limited to natural products or isolated phytochemicals (plant-, marine-, or microbe-derived) with multitarget effects, defined as activity against at least two major ND hallmarks such as protein aggregation, oxidative stress, neuroinflammation, mitochondrial dysfunction, or apoptosis. Comparators included untreated disease models or those receiving standard therapy. Outcomes prioritized mechanistic insights (e.g., targeted pathways), efficacy outcomes (e.g., improvement in cognitive or motor functions and pathology reduction), safety data, and translational potential (e.g., pharmacokinetic findings or structural optimization strategies).
Eligible studies were required to be published in English, in peer-reviewed journal articles or reputable grey literature (e.g., theses or conference proceedings with complete datasets). The search period was January 2020 to December 2025 to capture contemporary research on phytochemicals while focusing on recent evidence. Included studies were required to provide empirical evidence on multitarget mechanisms or therapeutic efficacy in ND models or patients.
Exclusion criteria included review articles, purely in silico studies without experimental validation, studies involving non-ND conditions, synthetic compounds not derived from natural sources, and studies lacking a clear multitarget mechanistic rationale. Qualitative, quantitative, and mixed-methods study designs were eligible if they provided relevant evidence.
2.3 Information Sources and Search Strategy
Several electronic databases that are appropriate to the biomedical, pharmacological, and natural product studies (PubMed/MEDLINE, Scopus, Web of Science, Embase, and Google Scholar (to find additional gray literature)) were searched. Other specialized databases were CAB Abstracts (plant-based compounds) and SciFinder (bee-plant structures and activity).
The search took place at the beginning of 2026. Search terms were based on Boolean operators and controlled vocabulary (e.g., MeSH terms). Such words as natural product and phytochemical and polyphenol and flavonoid and terpenoid and alkaloid and "plant extract" and herbal compound and multi-target and multi-mechanism and pleiotropic and "multiple pathway" and mechanism and efficacy and drug development and neuroprotective and therapeutic potential were used as core terms. Selection methods used: English language, 2020-2025. Database results were complemented with hand-searching of reference listings of important reviews and included studies to find other relevant publications.
2.4 Study Selection and Data Extraction Process
The selection of studies was based on multi-stage and blinded methods to reduce biasness. All records found were added to reference management software (Zotero was used in this case) by default making duplicates automatically and manually verified. Titles and abstracts were filtered by two independent reviewers using toolkits like Rayyan through which titles and abstracts were compared with pre-defined eligibility criteria as either include, exclude, or unclear. Conflicts were solved by dialogue, and a third reviewer judged over time conflicts.
[bookmark: _Hlk222433577]Another two reviewers retrieved full texts of possibly eligible records and independently evaluated these texts. These were reasons why some records were not included (e.g., no multitarget focus, not ND model). A PRISMA 2020 flow diagram (figure 1) was used to demonstrate the selection process, including records identified, screened, excluded, and included.
[bookmark: _Hlk222433661]Data was extracted and a standardized, tested form was used (Microsoft Excel). Two reviewers extracted the following details: study details (author, year, country), study design (in vitro/in vivo/clinical), ND model/diagnosis, natural product/phytochemical (source, structure/class), multitarget mechanisms (pathways targeted), efficacy outcomes (e.g., behavioural tests, biomarker changes), safety/adverse effects, and as well as drug development note (e.g., bioavailability issues, derivatives). All discrepancies were sorted using consensus or arbitration by another reviewer. Extracted information was tabulated to be synthesized.
2.5 Risk of Bias and Quality Assessment
The Systematic Review Centre for Laboratory Animal Experimentation (SYRCLE) risk of bias instrument was implemented for evaluating selection, performance, detection, attrition, reporting, and other sources of bias (27).
In the case of clinical studies, randomized trials were considered applying the Revised Cochrane Risk-of-Bias Tool (RoB 2) (28), for randomization, interventions deviation, missing data, outcome measurement, and selective reporting. Non-randomized studies used the right instruments like ROBINS-I. the tool was applied as described by Iheozor-Ejiofor et al. 2025 (29).
Application of the systematic review tools in the selection process, including the domains of scoring, and justifications, were carried out by two reviewers. Possible disagreements were discussed and addressed until common ground was reached through the input of third-reviewer as needed. Studies were not excluded based on quality alone but graded (e.g., low/medium/high risk) to inform synthesis confidence and weighting in narrative discussion.

2.6 Synthesis Methods
Since it is expected that models and compounds were heterogeneous, and results varied, a narrative synthesis was used in line with the SWiM (Synthesis Without Meta-analysis) guidelines (30). The research papers were sorted by neurodegenerative disease type (e.g. AD-focused, PD-focused), phytochemical class (e.g. polyphenols, terpenoids), and mechanism (e.g. anti-aggregation, antioxidant). There were common themes, patterns, and inconsistencies, which focused on multitarget profiles, model cross-efficacy, and translational implications.
2.7 Ethical Issues
Since this systematic review summarized the published data provided by previous studies, there was no need to gather any additional human or animal data that would have to be provided with ethical approval. It had high standards of ethics: original sources were referenced correctly, results were presented without any selective accent on the findings, and possibilities of any bias with primary studies were mentioned. Handling of the data was done with secure and confidential measures and no individual participant data were extracted. The review took into account more global ethical concerns whereby the accessibility of natural product-based therapies should be fair and the safety issue should be properly examined through future clinical translation.

3. Results
3.1 Study selection
Following the PRISMA 2020 guidelines, the searches found a total of 1815 records. After that, the team removed 622 duplicates and 198 language restrictions. This left 995 records for screening at the title and abstract stage. At these stage 984 records were removed because they did not meet the eligibility criteria. Reasons for exclusion were no multitarget focus, not neurodegenerative disease model, unrelated, studies not published within the chosen timeframe, and studies not published in English
This step left 66 records for full-text review. After reading full texts, 55 records were excluded at this stage. Reasons included no efficacy outcomes, no clear methodology, and overlapping dataset, or (n=9). In the end, 11 studies met all criteria and were included in the review. These studies provided direct evidence on Multitarget effect of Natural Products and Phytochemicals for Neurodegenerative Disease Therapy. The PRISMA flow diagram below shows the full process. This small number of included studies shows that the field is still emerging. Most work is in pilot stages or project evaluations with empirical components.
3.2 Study characteristics of included studies
This systematic review included eleven original studies that are eligible and satisfied the inclusion criteria. The articles consisted of four entirely computational/in silico research (31,32,33,34), three in vivo animal studies (35,36,37), three purely in vitro cell-based studies (38,39,40), and one mixed bioactivity-guided study combining in vitro and in vivo experiments (41).
There were nine studies that concentrated on Alzheimer disease (AD) or an AD-like pathology, one on the Parkinson disease (PD) (Kumar et al., 2024), and one study on both AD and PD (42). The natural agents were isolated phytochemicals (mulberroside A, α-terpinyl acetate, hesperetin, hesperidin), plant extract or fraction (Khaya grandifoliola, safflower yellow, Atractylodes macrocephala ethyl acetate extract, Moroccan medicinal plant phytochemicals). Some of the multitarget mechanisms which have been commonly explored in studies were cholinergic modulation, antioxidant/anti-inflammatory, prevention of protein misfolding/aggregation (Aβ, tau, α-syn), and regulation of key signalling pathways (e.g., PI3K/AKT, CREB/BDNF/TrkB, inflammasome). Efficacy was measured by behavioural testing (cognitive/ moter function), biochemical, histological results, enzyme inhibition, or molecular simulation results (binding affinity, ADMET properties). 

3.3 Key phytochemicals/natural products and reported mechanisms
The articles reviewed included a variety of natural products and isolated phytochemicals with proven multitarget activity in the context of treating neurodegenerative diseases, mostly the Alzheimer disease (AD) and to a minor extent, the Parkinson disease (PD). Isolated phytochemicals (mulberroside A, α-terpinyl acetate, hesperetin, hesperidin) and a standardised plant extract or a fraction (hydro-ethanol extract of Khaya grandifoliola, safflower yellow, ethyl acetate extract of Atractylodes macrocephala, and selected Moroccan medicinal plant compounds) were studied most frequently. Computational studies also compared their ability of wider libraries of natural compounds or individual scaffolds with their multitarget predictions.
Mulberroside A
Mulberroside A is a stilbene glycoside of Morus alba which was found to be one of the best multitarget agents to be studied. Li et al. (2025) (35) showed that mulberroside A has neuroprotective properties and works by changes in several pathways at the same time in scopolamine-induced AD mice and N2a/APP695swe cells. The compound activated PI3K/AKT pathway resulting in the suppression of GSK-3β, and following decrease in tau hyperphosphorylation (Ser404). It also repaired cholinergic functions through inhibition of acetylcholinesterase (AChE) and butyrylcholinesterase (BChE) and the ensuing increase in acetylcholine levels, preferential activation of non-amyloidogenic pathway, reduced BACE1 and γ-secretase) by inhibition of Aβ1-42 and antioxidant effects through reduction of reactive oxygen species (ROS) and malondialdehyde (MDA)
Khaya grandifoliola extracts
The extracts of Khaya grandifoliola were tested in two studies with emphasis on its potential in overseeing the neuroprotective potential in a broad spectrum. Thiago et al. (2026) (36) found that NF-κB pathway inhibition, pro-inflammatory cytokines (TNF-α and IL-1β), and antioxidant plus enzyme-inhibitory effects (MAO and advanced glycation end-products) were all significant to inhibit neuroinflammation in an LPS-induced AD-like rat model using hydro-ethanolic stem bark extract. Ella et al. (2025) (34) also exhibited multitarget activity of both decoction and hydro-ethanolic extracts using in in vitro enzyme inhibition and in silico docking, showing that these inhibited monoamine oxidase (MAO), protein fibrillation and glycation, and moderately inhibited 15-lipoxygenase (15-LOX), which helps it counter oxidative stress and neuroinflammatory cascades.
Safflower yellow
Qi et al. (2025) (37) investigated safflower yellow (a carotenoid-rich extract from Carthamus tinctorius) in scopolamine-induced cognitive impairment in mice. The compound had the multitarget action, by alternating cholinergic activity (inhibition of AChE), decreased oxidative stress (increased SOD and GSH, decreased MDA), and increasing CREB/BDNF/TrkB neurotrophic pathway, leading to improvement in cognitive performance and hippocampal reproduction.
α-Terpinyl acetate
Chowdhury and Kumar (2020) (38) discovered that alpha-terpinyl acetate, which is a monoterpenoid in Elettaria cardamomum essential oil, is a promising multi-target directed ligand (MTDL) in Alzheimer. AChE and BuChE inhibition, direct disruption of Aβ fibril and tau aggregate formation, and potent antioxidant and neuroprotective effects with respect to Aβ- and H₂O₂- induced toxicity in SH-SY5Y cells were demonstrated in the in vitro experiments.
Hesperetin and hesperidin
Two in vitro studies were done on citrus flavonoids. In SH-SY5Y cells that were subjected to Alzheimer-like insults, Hesperetin was shown to ameliorate neuronal death by blocking both inflammatory and apoptotic and pyroptotic cell pathways simultaneously, by inhibiting the release of pro-inflammatory cytokines and silencing the activation of caspase, as well as pro-inflammatory inflammasomes. (39). The use of Hesperidin, in the presence of CK2 inhibitor DRB, regulated amyloid processing in A beta 1-42-treated differentiated SH-SY5Y cells by activating non-amyloidogenic pathway and inhibiting amyloidogenic pathway, decreasing A beta and phosphorylated tau levels and reducing apoptotic markers (Bax/Bcl- 2 ratio)
Atractylodes macrocephala ethyl acetate extract
Sun et al. (2026) (41) have applied bioactivity guided fractionation to discover the ethyl acetate extract of Atractylodes macrocephala as a multi target neuroprotective agent in models of Alzheimer disease. The extract had antioxidant, anti-inflammatory and anti-amyloid aggregation properties and showed optimised neuroprotective properties compared to the other fractions in both cellular and animal models.
In silico-identified multitarget candidates
A number of computational works were making promising multitarget predictions on natural compounds. Boulaamane et al. (2024) (filtered the COCONUT database of natural products as treatment of Parkinson’s disease and identified candidates that would act through α-synuclein aggregation, oxidative stress, and mitochondrial dysfunction activity using the QSAR, pharmacophore modeling, and molecular dynamics. In AD and PD, Chhabra et al. (2025) (42) used structure-based pharmacophore modeling, virtual screening, MD docking, free energy computations, ADMET profiling, and DFT to identify natural-derived ligands interacting with AChE, MAO-B, D2 receptor and COX-2 with top hits (e.g. CNP0388746) having better binding as well as drug-like properties. Guerguer et al. (2025) (33) analysed Moroccan phytochemicals (naringenin and hesperetin) using network pharmacology and docking as multitarget AChE, BACE 1, MAO-B and GSK-3β as predictors of favourable multi-target versus ADMET chemistry.
4.1 Discussion
Altogether, these investigations underscore the significance of common mechanisms in which natural products and phytochemicals work simultaneously such as cholinergic amelioration, protein aggregation and misfolding inhibition, neuroinflammatory and oxidative stress suppression, neurotrophic pathway modulation, amyloidogenic processing suppression. These profiles of multitargets justify their potentials as highly promising candidates for further development and optimization and optimization in treatment of neurodegenerative illnesses.
The cited literature was evidence of efficacy of several multitarget natural products and phytochemicals, mainly in models of Alzheimer’s disease (AD) or AD-like pathology, and at least some, albeit less, data on Parkinson’s disease (PD). The efficacy was evaluated based on behavioural responses (e.g., cognitive or motor functional test), bio-chemical (e.g., oxidative stress, inflammation, protein concentrations), histological assessments (e.g., neuronal loss, plaque burden), cell viability and in silico (e.g., binding affinities, simulation scores) outcomes. Table 1 contains the summaries of the most important natural products/phytochemicals, the particular neurodegenerative disease studied, multiplex effects and efficacy results that have been reported.
The majority of studies focused on Alzheimer disease or AD-like models and proved the effectiveness of natural product to alleviate cognitive impairment, decrease protein pathology with in vivo activity to reverse scopolamine-induced cognitive deficit and neuronal damage and simultaneously treat cholinergic dysfunction, Aβ accumulation, tau pathology and oxidative stress. Likewise, ethyl acetate extract of Atractylodes macrocephala (41) showed better effect in decreasing the Aβ deposition and enhancing cognition in APP/PS1 mice with multitarget effects by reducing oxidation and inflammation.
Khaya grandifoliola extracts alleviated behavioral deficit and hippocampal damage as well as boosted anti-inflammatory and antioxidative activity in AD-like neuroinflammatory paradigm models (34,36). The efficacy of safflower yellow (37) in recovery memory impairment caused by scopolamine was due to the restoration of cholinergic activity and neurotrophic neuronal signals. Hesperetin and hesperidin are citrus flavonoids that exhibited high SH- SY5Y efficacy in cell death models through inhibition of various cell death pathways (inflammation, apoptosis, pyroptosis) and amyloid processing (39,40).
In the case of Parkinson disease, in silico evidence has primarily been focused on prediction of natural compounds to bind alpha-syn aggregations and mitochondrial/oxidative pathways (31), and dual AD/PD ligands exhibiting promising binding (42). Multitarget efficacy in AD was also predicted by Moroccan phytochemicals (33).

4.2 Drug development potentials of phytochemicals/natural products presenting therapeutic gains against neurodegenerative diseases
Natural products and phytochemicals found in multiple targets identified in this review have considerable potential in the development of drugs in neurodegenerative diseases (NDs), especially the Alzheimer and Parkinson diseases (AD and PD). Their polypharmacological profiles including simultaneous treatment of oxidative stress, neuroinflammation, protein aggregation (Aβ1-42, tau, and α-syn), cholinergic deficits, mitochondrial dysfunction, and neurotrophic impairment suggest them as more advantageous than their single-target synthetic counterparts, which fail in the late-stage trials due to being ineffective across most of their pathogenetic mechanisms.
The main representatives of the list, including mulberroside A (Li et al., 2025), hesperetin/hesperidin (Shafiee et al., 2025; Eciroglu-Sarban et al., 2025), Khaya grandifoliola extracts (Thiago et al., 2026; Ella et al., 2025), and alpha-terpinyl acetate (38) show preclinical effects of behavioral rescuing Additional computational analyses support the presence of drug-like behaviour: attractive binding affinities, ADMET, BBB permeability and no-toxicity of scaffolds such as CNP0388746 and Moroccan flavonoid (31,32,33).
Possible development opportunities are:
· Lead optimization Structural modification of hits (e.g., by semi synthesis) to increase potency and selectivity with retention of multi target activity.
· Enhanced delivery mechanisms Advanced delivery methods Nano-delivery systems (liposomes, nanoparticles, exosomes), prodrugs, or cyclodextrin complexes to address low solubility, rapid excretion, low brain penetration of polyphenols and terpenoids - the greatest barriers.
· Combination therapies Synergetic combination with the current medications (e.g., donepezil or levodopa) or other phytochemicals in order to increase effects with lower doses.
· Repurposing and ethnopharmacology → Harnessing the past application of plants such as Morus alba, Carthamus tinctorius and Khaya grandifoliola to develop faster within resource-scarce contexts, with cultural acceptance and affordability.
Current gaps in ND treatment (the approved drugs appear to possess the ability to relieve symptoms only) could be occupied via these agents. Standardized and improved pharmacokinetically, with a strict clinical translation, they have realistic potential as either disease-modifying or preventive interventions.
4.3 Limitations of the review
The current systematic review has limitations due to the nature of the new area of the multitarget natural products in neurodegenerative diseases. To begin with, the evidence basis is based on largely on preclinical models (in vitro cell lines, rodent scopolamine/LPS models and in silico simulations), and contains no clinical trials, making it difficult to directly apply to human patients. Second, comparability and reproducibility of studies across studies by heterogeneity in methodologies include variable extract standardization, supra-physiological doses, short-term outcomes, and no aged/transgenic models. Third, bioavailability and BBB penetration has been given only cursory attention in most papers thus constituting a major barrier to CNS efficacy. Lastly, these are biases of publication to positive findings and the preponderance of AD-based research (where PD results are few) could exaggerate the overall therapeutic utility. These shortcomings visually embrace the need to have standardized protocols, long-term in vivo investigations, pharmacokinetic programs, and early-stage human experiments to build on the evidence bases.

4.4 Conclusion
The present systematic review indicates that exerting neuroprotective effects with overlapping mechanisms (antioxidant, anti-inflammatory, anti-aggregation, cholinergic/neurotrophic modulation), multitarget natural products and phytochemicals, such as mulberroside A, Khaya grandifoliola extracts, safflower yellow, α-terpinyl acetate, hesperetin/hesperidin and Atractylodes macrocephala fractions, display promising neuroprotective effects in preclinical AD of PD. Although these agents are heterogeneous methodologically with the difficulties of translational aspects such as low bioavailability, the agents provide a strong basis of drug development especially through nano-delivery and lead optimization. Lacking toxicity, cultural appropriateness, and affordability make them good resources in the setting on adjunctive or preventive interventions with resource limitations. Their potentials should be harnessed through the acceleration of clinical research, standardization, and advanced formulation in order to counter the increased incidence of neurodegenerative diseases.
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TABLES
Table 1 Summary of the characteristics of the included studies.
	Citation
	Study Type
	Natural Product / Phytochemical
	Disease
	Model(s)
	Key Multitarget Mechanisms
	Key Efficacy Outcomes

	Boulaamane et al. (2024)
	In silico
	Various natural products (COCONUT database)
	Parkinson’s disease
	QSAR, pharmacophore modelling, MD simulations
	α-syn aggregation, oxidative stress, mitochondrial dysfunction
	Validated multitarget profiles with favourable simulation scores

	Li et al. (2025)
	In vivo + in vitro
	Mulberroside A (from Morus alba)
	Alzheimer’s disease
	Scopolamine-induced mice; N2a/APP695swe cells
	PI3K/AKT activation, cholinergic restoration, 
	Improved cognition (NOR, MWM),  reduced BDNF/CREB

	Chhabra et al. (2025)
	In silico
	Natural product-derived ligands (e.g. CNP0388746)
	AD & Parkinson’s disease
	Pharmacophore, docking, MD, free energy, ADMET, DFT
	AChE, MAO-B, D2 receptor, COX-2
	Superior binding affinities vs. references, good BBB penetration, non-toxic profiles

	Thiago et al. (2026)
	In vivo
	Hydro-ethanolic extract of Khaya grandifoliola
	AD-like (neuroinflammation)
	LPS-induced rats
	Anti-inflammatory, antioxidant, enzyme inhibition
	Reduced anxiety/depression ~30%, improved spatial memory, normalised biomarkers

	Qi et al. (2025)
	In vivo
	Safflower yellow (from Carthamus tinctorius)
	AD-like cognitive impairment
	Scopolamine-induced mice
	Cholinergic modulation, antioxidant, CREB/BDNF/TrkB
	Improved learning/memory, reduced oxidative damage, 

	Chowdhury & Kumar (2020)
	In vitro
	α-Terpinyl acetate (from Elettaria cardamomum)
	Alzheimer’s disease
	Enzyme assays, aggregation assays, SH-SY5Y cells
	Dual ChE inhibition, anti-Aβ/tau aggregation, antioxidant
	IC50 <10 μM (ChEs), >50% reduction in aggregation, significant neuroprotection

	Guerguer et al. (2025)
	In silico
	Moroccan plant phytochemicals (naringenin, hesperetin)
	Alzheimer’s disease
	Virtual screening, network pharmacology, ADMET
	AChE, BACE1, MAO-B, GSK-3β, etc.
	Promising multi-target binding affinities and ADMET profiles

	Sun et al. (2026)
	Mixed (in vitro + in vivo)
	Ethyl acetate extract of Atractylodes macrocephala
	Alzheimer’s disease
	Bioactivity-guided screening + AD models
	Antioxidant, anti-inflammatory
	Superior neuroprotection vs. other fractions; improved cognition, reduction in plaque load in vivo

	Shafiee et al., 2025 et al. (2025)
	In vitro
	Hesperetin
	Alzheimer’s disease
	SH-SY5Y cells (Aβ/LPS model)
	Reduction in inflammation, apoptosis, and pyroptosis
	Reduced neuronal death, pro-inflammatory cytokines, and caspase/inflammasome markers

	Ella et al. (2025)
	In vitro + in silico
	Extracts of Khaya grandifoliola
	Neurodegenerative (AD/PD-relevant)
	Enzyme assays + docking
	MAO inhibition, glycation inhibition, anti-fibrillation, moderate 15-LOX
	Dose-dependent IC50 values; predicted BBB-permeable multi-target effects

	Eciroglu-Sarban et al. (2025)
	In vitro
	Hesperidin (+ CK2 inhibitor DRB)
	Alzheimer’s disease
	Differentiated SH-SY5Y cells + Aβ1-42
	Promotion of non-amyloidogenic pathway
	reduced apoptosis markers
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Figure 1: Prisma flow diagram of study inclusion process
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