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Abstract

Background: The therapeutic potential of natural products in cognitive disabilities has
drawn growing attention, yet a comprehensive analysis of trends and key contributors is
lacking. This study provides a bibliometric overview highlighting growth patterns, themes,
and future directions. Methods: A comprehensive Scopus search with multistep filtering
was conducted by applying keywords related to natural products and cognitive disabilities
to titles, abstracts, and keywords, initially retrieving 10,011 documents. Filters for original
articles and English language reduced the results to 5688. Data extracted in October 2024
were analyzed using Excel and the R-package, yielding performance and citation indices.
Differential proliferation was visualized using a Sankey diagram, while thematic maps
highlighted key research themes, geographic trends, and subject clusters. Results: The
field exhibited an annual growth rate of 12.36% from 1971 to 2024, with 2021 being the
most productive year (497 articles). In recent decades, citation metrics have highlighted
significant impacts. Thematic maps and Sankey diagrams revealed the research focus,
geographic trends, and collaboration. Alzheimer’s disease dominates the field, along-
side topics such as oxidative stress, neuroprotection, and molecular docking. Emerging
trends include ferroptosis, UPLC-Q-TOF-MS, and network pharmacology, which have
marked advancements in therapeutic and computational approaches. Conclusions: This
analysis underscores the dynamic and interdisciplinary nature of this field, highlighting
areas for future exploration, particularly underrepresented cognitive disorders and novel
therapeutic approaches.

Keywords: natural products; cognitive disabilities; bibliometric analysis; neuroprotection;
emerging trends

1. Introduction

Cognitive disabilities refer to a broad range of conditions that affect an individual’s
ability to process information, learn, communicate, and perform everyday tasks [1]. These
disabilities can arise from various causes including genetic disorders, developmental ab-
normalities, brain injuries, and neurodegenerative diseases [2]. Common examples of
cognitive impairment include autism spectrum disorder (ASD), attention deficit hyperac-
tivity disorder (ADHD), Down syndrome, Alzheimer’s disease, dyslexia, cerebral palsy,
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and intellectual disabilities [3]. Cognitive disabilities can significantly affect an individual’s
quality of life, limiting independence and the ability to participate fully in educational, so-
cial, and occupational settings [4]. The severity of these impairments varies widely, ranging
from mild difficulties in memory or attention to profound challenges in communication
and decision making [5]. Advances in neuroscience and psychology have shed light on the
mechanisms underlying these conditions, enabling the development of targeted therapies
and interventions [6,7]. However, many individuals with cognitive disabilities continue
to face social stigma and have limited access to resources, particularly in low-resource
settings [8]. Increasing awareness, promoting inclusivity, and investing in evidence-based
treatments remains critical for improving outcomes [9,10]. Recent research has also explored
the role of natural products, including plant-derived compounds, in the management of
cognitive disabilities, offering promising avenues for therapeutic innovation through their
neuroprotective and anti-inflammatory properties [5,11-17].

Neuropharmacology examines the impact of medications on nervous system function
and the neural mechanisms that mediate their effects on behavior [18]. Neuropharmacology
comprises two primary branches: behavioral and molecular [16,19]. Behavioral neurophar-
macology examines the impact of pharmaceuticals on human behavior, encompassing the
effects of drug dependence and addiction on the brain [20]. Molecular neuropharmacology
encompasses the examination of neurons and their neurochemical interactions, aiming to
create pharmaceuticals that positively influence brain function. These topics are intricately
linked, as they both focus on the interactions of neurotransmitters, neuropeptides, neuro-
hormones, neuromodulators, enzymes, second messengers, co-transporters, ion channels,
and receptor proteins within the central and peripheral nervous systems [21]. Researchers
are developing pharmaceuticals to address various neurological problems, including pain,
neurodegenerative diseases like Parkinson’s and Alzheimer’s, psychological disorders,
addiction, and others, by examining these connections [22].

Cognitive disabilities are characterized by significant limitations in intellectual func-
tioning and adaptive behavior. According to the American Association on Intellectual
and Developmental Disabilities (AAIDD), this includes: (1) an IQ below 70, (2) limita-
tions in adaptive behaviors such as communication and self-care, and (3) onset before the
age of 18 for developmental forms [23,24]. Cognitive disabilities can be developmental
or acquired, and their severity may range from mild to profound. Cognitive disabilities
encompass a broad range of conditions that affect intellectual functioning and adaptive be-
havior. These include developmental and acquired disorders such as intellectual disability
(ID), Down syndrome, autism spectrum disorder (ASD), and traumatic brain injury (TBI).
Specific learning disabilities like dyslexia (reading), dyscalculia (math), and dysgraphia
(writing) are also recognized as forms of cognitive impairment. Other conditions include
attention-deficit/hyperactivity disorder (ADHD), fetal alcohol spectrum disorders (FASD),
and neurodegenerative diseases such as Alzheimer’s disease and mild cognitive impair-
ment (MCI). Language-related disorders like aphasia, as well as genetic and developmental
syndromes including fragile X syndrome, Rett syndrome, and Williams syndrome, are
part of this spectrum. Additionally, developmental delay in early childhood and cerebral
palsy—particularly when accompanied by cognitive deficits—are considered under the
umbrella of cognitive disabilities [1,2,25-27].

Natural therapies are increasingly being recognized for their potential to safeguard
brain structures, diminish inflammation, and enhance cognitive function in the treatment
of cognitive disorders [7,14,28]. Despite increasing interest, no systematic bibliometric
analysis has been performed on the advancement of research [29,30] in the intricate do-
main linking cognitive impairments and natural products [14,31]. In this respect, evidence
highlights the relevance of focus for determining the scope and trends of studies and maps
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the scientific terrain. Bibliometric analysis enabled this study to quantify the number of
publications, identify significant authors, assess journal influence and scope, and evaluate
worldwide cooperation within the field [30,32]. Furthermore, it identifies areas of deficiency
and novel elements, which will assist in the design and planning of subsequent initiatives to
enhance treatment modalities [33]. The results are significant for researchers, international
institutions, and grant agencies, facilitating informed decisions concerning the develop-
ment of novel plant-based treatment approaches for Alzheimer’s disease, ADHD, Down
syndrome, and autism spectrum disorder. This study, lacking comparable bibliometric
analyses, is uniquely positioned to evaluate global research activity patterns and their
relationship with clinical factors, thereby aiding in the formulation of effective strategies to
enhance the quality of life of individuals with cognitive impairments.

2. Results
2.1. Annual Growth and Citation Dynamics

The bibliometric analysis of natural products and cognitive disorders from 1971 to
2024 showed a fair increase in publication output and citing dynamics (Figure 1). An
impressive annual growth rate of 12.36% indicates that 5688 documents were found from
1370 sources. The average age of documents stood at 7.21 years, which indicates an increase
in research activity that has not been in this volume form recently. The greatest number
of original articles (data-driven studies) were published annually between the 2020s, the
peak year being 2021, with 497 articles marking this decade as the most productive. Cita-
tion dynamics (Figure 1) also showed notable growth. An average document was cited
31.08 times a year (mean TCperYear). In 2007, the highest mean number of citations, no
less than five a year, was reported at 5.87, followed by the totals in 2008 (5.56) and 2000
(5.29). Such a pattern indicates that some very important studies conducted in these years
have had major impacts on other future studies. The earlier years, in this case the 1970s
and 1980s, were characterized by very low citations, with a mean below 0.1 per year, which
signifies the emergence of research in that field during those times. At the general level,
this review suggests that it is a lively and rapidly developing field of research, with the
greatest progress and awareness in the field being achieved in the past few decades.
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Figure 1. Annual growth and citation dynamics.
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2.2. Key Contributors in the Field

Table 1 highlights the primary contributors to the research on natural products and
cognitive disabilities. Among the authors, Zengin, G. stands out as the most produc-
tive with 42 publications, followed by Oh, M.S. (28), Choi, J.S. (27), and Shin, D.H. (26).
The leading affiliations include the Ministry of Education of the People’s Republic of
China (166 publications), Kyung Hee University (133), Chinese Academy of Sciences (95),
and Seoul National University (65). In terms of country contributions, China leads with
1270 publications, followed by India (777), the United States (700), and South Korea (627).
The most productive sources were the Journal of Ethnopharmacology (187 publications),
Molecules (131), Phytomedicine (91), and Frontiers in Pharmacology (75). Figure 2 provides
additional insights through a Sankey diagram that visually represents the connections
between authors, countries, and sources. In bibliometrics, a Sankey diagram visually rep-
resents the connections between authors, countries, and sources. Authors, countries, and
sources are shown as nodes, with links indicating flows, such as publications or collabora-
tions between them. This visualization helps analyze patterns of collaboration, publication
distribution, and information flow in the research data. The key contributors shift when
focusing on the most relevant sources. Wang, Y., Zhang, Y., Liu, J., and Zhang, J. emerged
as the top authors, while China, Korea, Japan, the USA, India, and Italy remained the
leading countries. The key journals in this refined analysis were consistent, including the
Journal of Ethnopharmacology, Phytomedicine, Molecules, and Frontiers in Pharmacology.
The discrepancies between Table 1 and Figure 2 are due to the narrowed focus in Figure 2
on the most relevant sources. For instance, while Zengin, G. was the most productive
author overall (Table 1), Wang, Y. was identified as the most prolific author when limited
to highly relevant publications (Figure 2). This difference highlights the variability in the
productivity metrics based on source selection.

Table 1. Key contributors in the field.

Authors N Affiliation N Sources N Country N
. Ministry of Education of the .

Zengin, G. 42 People’s Republic of China 166 Journal of Ethnopharmacology 187 China 1270
Oh, M.S. 28 Kyung Hee University 133 Molecules 131 India 777
Choi, ].S. 27 Chinese Academy of 95 Phytomedicine g1  United o,

Sciences States
. . . . L South
Shin, D.H. 26 Seoul National University 65 Frontiers in Pharmacology 75 Korea 627

Shenyang Pharmaceutical International Journal of

Ryu, J.H. 23 University 62 Molecular Sciences 75 Japan 389
Oboh, G. 22 King Saud University 58 Journal of Alzheimer’s Disease 75 Italy 240
Chinese Academy of
Hritcu, L. 21 Medical S%enr}(;is & Peking 55 Phytotherapy Research 74 Iran 235
Medical College

Jung, H.A. 21 Selguk Universitesi 52 Nutrients 71 Turkey 214
Bi, K. 20 National Research Centre 51 EVi‘jﬁﬁﬁEjjﬁjﬁZ“ﬁ}fgﬁ;ﬁ“y 69 j‘r’;i; 199
Choi, SJ. 20 King Abdulaziz University 50 PLOS One 68 Germany 197

N: number of documents.
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Figure 2. Sankey diagram. Visually representation of the connections between authors, countries, and
sources. In bibliometrics, a Sankey diagram can visually represent the connections between authors,
countries, and sources. Authors, countries, and sources are shown as nodes, with links indicating

flows such as publications or collaborations between them.

2.3. Top-Cited and Collaborative Countries

Figure 3 provides insights into the top-cited (Figure 3A) and most collaborative
(Figure 3B) countries in terms of research on natural products and cognitive disabilities. In
terms of total citations (TC), the USA had 32,010 citations, followed by China (25,884), Korea
(15,298), and India (10,730). Other notable contributors included Japan (7901), the United
Kingdom (5659), Italy (5339), Iran (5274), Germany (3881), and Turkey (3873). These metrics
highlight the significant influence of the research outputs from these countries in advancing
the field. Collaboration metrics show that the percentage of international co-authorships
is 25.91%, reflecting a strong global research network. Publications were categorized into
single-country publications (SCP) and multiple-country publications (MCP), with the MCP
ratio indicating the extent of international collaboration. Among the most collaborative
countries, Turkey (MCP ratio: 0.387) and Italy (0.377) demonstrated the highest levels of
international partnerships, followed by the USA (0.281). On the other hand, countries such
as China and India, despite their large output (1129 and 593 articles, respectively), exhibited
relatively lower MCP ratios (0.148 and 0.164), indicating a higher prevalence of domestic
research activities. These findings reveal a dual landscape in which countries like the USA
and China dominate in citations and output, while smaller players such as Turkey and Italy
excel in fostering international collaboration. This balance underscores the importance of
both citation impact and collaborative effort in shaping global research.
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Figure 3. Top-cited (A) and collaborative (B) countries.

2.4. Authors’ Keyword Co-Occurrence Analysis

Authors’ keyword co-occurrence analysis (Figure 4) identifies major research themes,
emerging trends, interdisciplinary links, and research gaps, offering insights into topic
relationships and guiding future studies through visualized research networks. The most
frequently occurring terms in research on natural products and cognitive disabilities are
the key areas of focus. Alzheimer’s disease dominates with 1935 mentions, reflecting its
significance as the primary research topic in this field. Other prominent terms include
oxidative stress (387), acetylcholinesterase (372), antioxidants (258), and neuroprotection
(253), emphasizing the importance of understanding oxidative damage and neuroprotec-
tive mechanisms. Emerging methodologies such as molecular docking (236) underscore
the integration of computational tools for drug discovery. Conditions such as dementia
(215) and processes such as neuroinflammation (190) and apoptosis (130) further demon-
strate the breadth of research topics exploring the underlying pathologies of cognitive
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impairment. Natural compounds and their bioactivities are represented by terms such as
natural products (115), antioxidant activity (106), and flavonoids (94), highlighting the need
for plant-based therapies. Additionally, specific enzymes, such as butyrylcholinesterase
(100), and models, such as scopolamine (98), suggest targeted biochemical approaches in
therapeutic development. This term analysis revealed a strong focus on neurodegenerative
diseases, oxidative mechanisms, and natural product-based interventions, reflecting the
interdisciplinary and translational nature of research in this field.

alzheimer's disease .
reactive oxygen species oxidative str "
autop¥1%gy P acety?golmesterase

2000
acetylcholinesterase inhibitors antioxidant
amyloid B 1800 neuroprotection
learning and memory 1600 molecular docking
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Figure 4. Authors’ keyword co-occurrence analysis.

2.5. Progression of Themes in Research

Figure 5 illustrates the thematic evolution of research in the field of natural products
and cognitive disabilities, from 1971 to 2024. During the early period (1971-2015), the
focus was predominantly on acetylcholinesterase, acetylcholinesterase inhibitors, antiox-
idant activity, Alzheimer’s disease, dementia, oxidative stress, and related mechanisms,
indicating a foundational exploration of neurochemical pathways and degenerative brain
conditions. In the subsequent phase (2016-2021), research themes transitioned towards
integrating broader therapeutic approaches. Alzheimer’s disease remains a dominant topic
alongside emerging interests in antioxidant activity, oxidative stress, herbal medicine, and
reactive oxygen species. This phase is characterized by the evolution of natural products
to deal with cognitive impairments, for example, their antioxidative and neuroprotective
roles. Over the past two years (2022-2024), there is evidence that further diversification
has occurred within central themes. Other than Alzheimer’s disease, which remained the
predominant issue, more emphasis was placed on enzyme inhibition, alkaloids, and trau-
matic head injuries. Themes such as autism spectrum disorder and virtual screening seem
to point to a widening focus on how natural products may be applied to other cognitive
disabilities, as well as drug design through computational methods. This development
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suggests that this is a vibrant area of research in which research on neurochemistry has
expanded to encompass many aspects in relation to other cognitive disorders with a strong
focus on the use of natural products. The new direction in this area of research also shows
that there could be brighter prospects for addressing intricate brain disorder problems.
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Figure 5. Thematic evolution of the research on natural products and cognitive disabilities.

2.6. Conceptual Structure

Authors’ keywords were used because they directly reflect the researchers’ intended
focus and terminology. They are essential for identifying thematic trends, keyword co-
occurrence, and emerging topics, making them well-suited for bibliometric mapping and
conceptual analysis. Thematic map analysis, conducted using the R package, categorized
research themes in natural products and cognitive disabilities based on their centrality (im-
portance) and density (development). Basic themes, such as acetylcholinesterase, molecular
docking, antioxidant activity, natural products, and virtual screening form the founda-
tional knowledge essential for understanding therapeutic mechanisms and advancing
drug discovery. Motor themes, which are well developed and central to the field, include
Alzheimer’s disease, oxidative stress, neuroprotection, neuroinflammation, apoptosis, and
amyloid-f, focusing on neurodegenerative processes and therapeutic interventions. Ad-
ditionally, memory and dementia-related topics, including scopolamine, acetylcholine,
cognitive function, and traditional Chinese medicine, highlight experimental approaches
and established therapies, such as donepezil. A niche theme, represented by Amaryl-
lidaceae, explores specialized plant-based bioactive compounds, reflecting focused but
isolated research. In contrast, declining or emerging themes such as herbal medicine, Ginkgo
biloba, vascular dementia, and mild cognitive impairment represent areas transitioning in
relevance or being integrated into broader topics. The analysis underscores the dominance
of motor themes, such as neurodegeneration and Alzheimer’s disease, foundational in-
sights from basic themes, and the potential for exploring niche areas, offering a roadmap
for future research directions and highlighting critical areas requiring further development.
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2.7. Emerging Topics

Table 2 highlights emerging topics in research on natural products and cognitive
disabilities, showing their frequency and temporal progression. Recent advancements
have resulted in a growing interest in cutting-edge methodologies and evolving thera-
peutic approaches. Key emerging technologies include UPLC-Q-TOF-MS (first quartile
[Q1] 2023, median 2024), ferroptosis (Q1 2022, median 2024), and network pharmacology
(Q1 2021, median 2022), all of which emphasize the application of advanced analytical
and computational tools to unravel complex biological mechanisms. Molecular dynamics
simulation (Q1 2021, median 2023) and molecular docking (Q1 2020, median 2022) demon-
strated an increasing reliance on computational modeling for understanding drug—-target
interactions. Topics such as absorption, distribution, metabolism, excretion, and toxicity
(Q1 2021, median 2023) and MD simulations further underscore the emphasis on com-
putational pharmacology in optimizing drug discovery. Emerging biological processes,
including ferroptosis, autophagy (Q1 2019, median 2022), and neuroinflammation (Q1
2018, median 2021), indicate a focus on novel pathological pathways in cognitive disorders.
Long-standing yet continually evolving topics, such as antioxidant activity, oxidative stress,
and phytochemicals, have maintained their relevance, bridging traditional and modern
therapeutic approaches. Among the diseases, Alzheimer’s disease is the most frequently
studied emerging topic, with consistent growth (Q1 2019, median 2021), reflecting its signif-
icance in neurodegenerative research. These trends highlight the interdisciplinary nature
of this field, which combines natural products, computational approaches, and advanced
methodologies to address cognitive disabilities.

Table 2. Emerging topics.

Item Frequency  Year ql Year_med Year_q3
UPLC-Q-TOF-MS 6 2023 2024 2024
Ferroptosis 9 2022 2024 2024
Network pharmacology 65 2021 2022 2024
Molecular dynamics simulation 28 2021 2023 2024
ADMET 18 2021 2023 2024
Molecular docking 236 2020 2022 2023
Alzheimer’s disease 628 2019 2021 2023
Phytochemicals 85 2019 2021 2023
Autophagy 48 2019 2022 2023
Neuroinflammation 190 2018 2021 2023
Neurodegeneration 106 2016 2020 2022
Antioxidant 258 2015 2019 2022
Antioxidant activity 106 2015 2019 2022
Flavonoids 94 2015 2020 2022
Oxidative stress 387 2014 2019 2022

Abbreviations: med: median; UPLC-Q-TOF-MS: ultra-performance liquid chromatography quadrupole time-of-
flight mass spectrometry; ADMET: absorption, distribution, metabolism, excretion, and toxicity.

3. Discussion

Research on natural products and cognitive illnesses from 1971 to 2024 demonstrates
a dynamic and rapidly evolving field characterized by an impressive annual growth rate of
12.36%. The publication of 5688 papers from 1370 sources indicates a consistent increase
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in research output, underscoring the global recognition of natural products as a valuable
area of study. The peak year of 2021, with 497 articles, indicates heightened interest, which
may be driven by advancements in technology, such as molecular docking [16,17], and an
increasing understanding of plant-based therapies for neurological disorders [9,34,35]. The
escalation in citation dynamics underscores the significance of fundamental research as it
has influenced subsequent studies and positioned natural products [9,34,35] as a corner-
stone of innovation in therapeutic development. These results complement earlier research,
stressing the need for natural products to treat several diseases, including cancer [27],
cardiovascular diseases [36], diabetes [37], and neurological diseases such as Alzheimer’s
disease [2,10,34]. Although countries like China and India produce a high volume of
research, they tend to have lower levels of international collaboration—possibly due to
robust domestic research networks, language preferences, or national funding priorities—
underscoring the importance of encouraging more global partnerships in future studies.

This work supports the importance of natural chemicals in medication development,
especially their bioactive characteristics that support antioxidant, anti-inflammatory, and
neuroprotective activities. Through trend mapping and research impact analysis, this study
supports the increasing agreement that natural products are viable strategies for controlling
complicated disorders and for developing therapeutic treatments worldwide.

This research indicates that China is the leading country in terms of output in the
field of natural products and cognitive disabilities more probably under the influence that
traditional Chinese medicine (TCM) plays in this area. TCM has been known for a long
time to combine natural products and holistic approaches for the treatment of neurological
and cognitive dysfunctions, which to some extent explains the high volume of research
activities in China [15,31,38]. Newer research has drawn attention to the use of traditional
medicine in modern paradigms for the treatment of cognitive disabilities, stressing its
place in rehabilitation and treatment [15]. TCM has been shown to be effective in the
management of cognitive deficits following stroke. Combining TCM with new practices
such as virtual reality (VR) can help enhance memory and executive function recovery in
stroke survivors [26]. Additionally, there have been developments in neuroprosthetics and
brain—computer interfaces that reportedly show better results in cognitive rehabilitation
and are said to be based on TCM [39]. Another traditional approach that has been applied
in a number of post-stroke patients is music therapy, which has been used in the treatment
of emotional and cognitive rehabilitation [40]. Newer techniques, such as dynamic brain
network mapping and deep brain stimulation (DBS), also advocate the combination of
traditional techniques with new methods for the treatment of neurological and cognitive
disorders. The incorporation of traditional medicine into holistic approaches, such as the
biopsychosocial model, has effective implications in steadying the complete recovery of
older populations from both mental and physical aspects [16,27,36]. Understanding the role
of TCM and other traditional medicines is essential in developing methods for cognitive
rehabilitation and dealing with highly complex neurological disorders [15].

Zengin, G., a leading scholar in natural product research, has significantly advanced
the understanding of plant-based therapies for managing chronic conditions such as di-
abetes, Alzheimer’s disease, and oxidative stress. His work emphasizes phytochemical
profiling, enzyme inhibition, and antioxidant activity using both in vitro and in silico
methodologies. Notable studies include the evaluation of Salvia syriaca L. for its antidi-
abetic, anti-Alzheimer’s, and antioxidant properties [28] and Ajuga chamaecistus for its
neuroprotective and skin-care applications [41]. Zengin’s research on mangiferin and
essential oils from Sideritis galatica demonstrated their inhibitory effects on enzymes as-
sociated with Alzheimer’s disease and diabetes, thus providing molecular insights into
their therapeutic roles [16,37]. Using advanced techniques, such as HPLC-MS/MS, Zengin
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profiled phenolic compounds in species such as Ferula halophila and Scrophularia lucida,
combining these analyses with antioxidant, anti-inflammatory, and docking studies to
explore their multifunctional applications [42]. Comparative studies of Apiaceae species
have highlighted their antioxidant, antimicrobial, and cytotoxic properties, emphasizing
their potential against cancer [43]. By integrating cutting-edge analytical approaches with
pharmacological evaluations, Zengin bridges phytochemistry and therapeutic innova-
tion, offering diverse applications for natural products in combating chronic diseases and
oxidative stress-related conditions [28,37,41-48].

This conceptual shift has focused research after 2022 on antioxidants and their use to
regulate cholinesterase, which plays a role in the pathology of Alzheimer’s, according to the
analysis of the study’s objectives. Alzheimer’s disease, the most prevalent form of dementia,
degrades brain functions over time. As the condition advances, acetylcholine levels in
aged brains decrease, causing cognitive decline. Acetylcholinesterase inhibitors (AChEISs)
increase synaptic acetylcholine levels and restore cholinergic neurotransmission [2,10,31,34].
Current drugs may not sufficiently modulate acetylcholine levels to provide a complete
therapeutic response, and selective cholinesterase inhibitors without dose-limiting adverse
effects are unavailable [49]. Synthetic drugs such as tacrine, donepezil, and rivastigmine
can also induce gastrointestinal and bioavailability issues. Thus, the search for more
effective AChEISs, especially from natural sources, is ongoing. Reactive oxygen species
(ROS) generate oxidative stress, which oxidizes biomolecules and damages cells, thereby
causing aging. Recently, plant antioxidants have garnered attention because they reduce
oxidative damage and may prevent aging and neurological illnesses.

Neuroprotection has become one of the central motor themes in research concerning
natural compounds with respect to the degenerative diseases such as Alzheimer’s dis-
ease [50]. The natural compound extracts provided in these studies tend to have functional
properties, including the ability to manage oxidative stress, inhibit 3-amyloid (A(3) aggre-
gation, and modulate inflammatory pathways [2,6,10,34,51]. These compounds can reduce
age-related neurodegeneration. Such work basically extends the findings of Bastianetto
et al., who demonstrated that catechin gallates from extracts of green and black tea-infused
cultures could protect cells from the Ap-induced toxicity by inhibiting the apoptotic events
and aggregation of A [34]. Similarly, Chu et al. confirmed that treatment with Ginseno-
side Rg5 isolated from Panax ginseng had remedial effects on cognitive deficits in rats by
reducing neuroinflammation and A3 deposition and increasing acetylcholine levels [2].
Bacopa monnieri has been extensively studied for its anti-nutritional properties. It was found
to be protective against A-induced neurotoxicity and to improve cognitive function due to
its antioxidant and acetylcholinesterase inhibitory properties [52]. In addition, beta-asarone
from Acorus tatarinowii was found to prevent cognitive impairment and neuronal apoptosis
in AfB-injected rats through the reversal of caspase activation and JNK phosphorylation
processes [10]. These studies highlight that neuroprotection is an area worthy of focus
in research by creating strategies that are based on both modern and traditional wisdom
concerning natural products through the use of antioxidant activity, anti-inflammatory
activity, and A aggregation inhibition to solve cognitive decline.

A bibliometric analysis of trends in UPLC-Q-TOF-MS usage shows its growing rele-
vance as a revolutionary technique for the study of the application of natural products in
the treatment of cognitive dysfunction. In addition, this technique of analysis is the most
useful in identifying and explaining the mechanism of action of bioactive compounds in
the case of neurodegenerative diseases, which include but are not restricted to Alzheimer’s
disease. Recent studies have further bolstered their relevance. Qiu et al. performed UPLC-
Q-TOF-MS on Aurantii Fructus and Aurantii Fructus Immaturus and reported the discovery
of 50 compounds with neuroprotective effects categorized as Alzheimer’s, NF-«B signaling,
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and apoptosis pathways [53]. Wang et al. investigated the anti-Alzheimer’s properties
of Mume Flos using UHPLC-Q-Orbitrap-MS/MS and noted that rutin and chlorogenic
acid were inferior to others in terms of their efficacy in the inhibition of A3 deposition in
Caenorhabditis elegans models [54]. Similarly, Zhang et al. used high-resolution LC-Q-TOF-
MS to demonstrate the significant microinhibitory activity of nitidine from Zanthoxylum
nitidum as a strong candidate for acetylcholinesterase activity inhibition [55]. These findings
illustrate the potential power of UPLC-Q-TOF-MS techniques for the development and
application of natural product-derived medicine against cognitive disorders, and highlight
the possible advancements that such techniques would herald for the integration of herbal
research and contemporary pharmacology.

Bibliometric analysis showed that research on the processes of regulation of cell death,
such as ferroptosis, has been a hot topic in the areas of cognitive disorders; however, recent
studies have highlighted the importance of these processes in Alzheimer’s disease and
several other degenerative diseases. Gong et al. showed that curculigoside significantly
restrained the progression of Alzheimer’s disease and ameliorated cognitive dysfunction
by upregulating GPX4 and inhibiting the SLC7A11 pathway [31]. A similar effort was
made by Li et al., who investigated avicularin as a means to ameliorate cognitive defects
associated with Alzheimer’s disease by modifying the NOX4/Nrf2 axis in PC12 cell lines
and transgenic models of AD [17]. Long et al. investigated the neuronal protection of-
fered by the SuanZaoRen decoction and its ability to inhibit Alzheimer’s disease-mediated
neuronal loss and improve synaptic connectivity by targeting the DJ-1/Nrf2 signaling
pathway [16]. Tao et al. evaluated the biochemical and physiological effects of oleanonic
acid on ferroptosis and mitochondrial damage via Nrf2/HO-1 signaling [14]. More recently,
Yong et al. characterized Thonningianin A, a new compound that inhibits ferroptosis
and described its use in Alzheimer’s disease therapy via GPX4 stimulation through the
AMPK/Nrf2 pathway [12]. Moreover, Penthorum chinense Pursh (PEF) has been shown
to inhibit ferroptosis in Alzheimer’s disease cellular and C. elegans models by targeting
oxidative stress and lipid peroxidation processes [11]. These studies confirm the bibliomet-
ric findings by showcasing ferroptosis as a key factor in neurodegenerative diseases, and
natural products have been proposed as potential anti-ferroptotic agents to improve cogni-
tion. While emerging topics such as ferroptosis and UPLC-Q-TOF-MS signal promising
directions, their clinical translation remains limited by challenges in validation, including
biological complexity, lack of standardized protocols, and the need for robust in vivo and
clinical evidence to support their therapeutic feasibility.

4. Limitations

Scopus- and English-exclusive databases have constraints. Examples of these prob-
lems include inadequate citation coverage, publishing bias, language and geographical
discrepancies, subject limitations, and data-input inaccuracies. Researchers ought to em-
ploy several databases, examine scholarly papers in different languages, engage in inter-
disciplinary collaboration, and investigate supplementary publications to mitigate these
limitations. This guarantees a comprehensive and reliable research environment.

5. Materials and Methods
5.1. Search Strategy and Data Extraction

A comprehensive and multistep search was conducted in the Scopus database to
identify relevant literature on the use of natural products to address cognitive disabilities
and related conditions. The search terms included keywords related to natural products,
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such as “phytotherapy”, “herbal medicines”, “plant extract”, “natural product”, “natural
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compound”, “natural molecule”, “phytochemical”, “secondary metabolite”, “bioactive
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compounds”, “biologically active compounds”, “phytonutrient”, “plant-derived chemical”,
and “plant-derived compound,” combined with terms associated with cognitive disabilities

V/aTi

and related conditions, including “degenerative brain disease”, “cognitive disability”, “de-

v i

mentia”, “autism spectrum disorder”, “ADHD”, “Down syndrome”, “fragile X syndrome”,
“traumatic brain injury”, “Alzheimer’s disease”, “cerebral palsy”, “aphasia”, “dyslexia”,
and “intellectual disabilities”. These keywords were extracted from an extensive search
in the related literature [1,7,17,19,27,54]. To ensure the quality and relevance of the data,
specific filters were applied during the search process. Only original research articles were
included, and the language was restricted to English. These filters were applied after the
initial retrieval of 10,011 documents, resulting in a refined dataset of 5688 articles suitable
for bibliometric analysis. This approach ensured the inclusion of peer-reviewed, research-
focused studies relevant to natural products and cognitive disabilities. The search results
were exported in the CSV and BibTeX formats, and the data were extracted in October 2024.

5.2. Analysis and Visualizations

Annual trends were examined using Microsoft Excel, while bibliometric statistics and
visualizations were produced using the R-package software Version 5.0.1 [55], enabling
comprehensive mapping of research focus points, geographical research regions, and
subject clusters. The package measures the intensity of the linkages or connections among
authors, institutions, and keywords inside a network map. The thematic map depicts the
primary issues in the field according to the author keywords. The objective of constructing
a thematic map was to understand the present conditions and assess the future direction
of research progress on the subject. The map depicts the strength of internal density,
highlighting inter-cluster development and external connections, and underscoring the
significance of the study to a specific focal location. It is partitioned into four quadrants.
The term thematic map classifies the principal study themes and subjects within a certain
domain [55,56].

6. Conclusions

This study shows that research on natural products and cognitive disabilities is rapidly
evolving, with a notable surge in global interest and collaboration. The field has been
growing at an annual rate of 12.36%, with a sharp rise in citations since 2021, reflecting
its increasing relevance. Major contributions from countries like China, the USA, and
South Korea have helped shape this progress. The research landscape has expanded
from early focus areas—such as oxidative stress and acetylcholinesterase inhibition—to
newer themes like ferroptosis and advanced computational tools, underscoring the field’s
interdisciplinary growth.

Despite this progress, several gaps remain. Alzheimer’s disease continues to dominate
the research spotlight, often overshadowing other important cognitive conditions like
autism spectrum disorders and traumatic brain injuries. Additionally, many potentially
valuable bioactive compounds from less-studied plant species remain underexplored.
Topics such as vascular dementia, which once received more attention, are now on the
decline and require renewed scientific focus. Promising innovations, including UPLC-
Q-TOE-MS and studies on ferroptosis, show potential but still need validation through
clinical trials.

To move the field forward, researchers are encouraged to broaden their focus to include
a wider range of cognitive disorders, enhance international collaboration to share resources
and expertise, and utilize emerging technologies to uncover new therapeutic pathways.
Emphasizing translational research and improving data sharing will also help bridge the
gap between lab-based discoveries and real-world clinical impact. By addressing these
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challenges while continuing to build on core strengths, the field can make meaningful
advances in the development of therapies for cognitive disabilities.
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