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Background: Epilepsy, a common neurological disorder, has been increasingly
associated with neuroinflammation, especially microglia activation. To gain
insights into the research trends and patterns in this intersection, we conducted
a bibliometric analysis of studies published between 2005 and 2024. Using
the Web of Science Core Collection, we identified 1,229 relevant articles and
reviews, focusing on the relationship between epilepsy and microglia.

Methods: We employed the Bibliometrix R package and VOSviewer to analyze
the data. Our search strategy combined epilepsy-related terms with microglia
and microglial cell keywords. The analysis encompassed publication trends,
country and institutional contributions, journal sources, authors, keywords, and
thematic evolution.

Results: The number of publications has steadily increased, particularly after 2019,
indicating growing research interest. The United States, China, and Germany
emerged as the most productive countries, with extensive collaboration between
China and the United States. Epilepsia and Journal of Neuroinflammation were
the most influential journals. Aronica E, Vezzani A, and Engel T were the most
prolific authors. Thematic analysis revealed clusters focused on temporal lobe
epilepsy, epilepsy-related disorders, and microglia activation. Over the past
several years, research has shifted from fundamental brain function studies to
in-vivo investigations of specific molecular mechanisms. The CSTB (—) mouse
model and NF-kB signaling pathway both merit further in-depth investigation.
Conclusion: In conclusion, this bibliometric study reveals a surge in epilepsy-
microglia research, led by key countries, journals, and researchers. Temporal
lobe epilepsy, epilepsy-related disorders, and microglia activation are focal
themes. Future directions include exploring microglia activation mechanisms,
utilizing animal models, and interdisciplinary approaches.
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1 Introduction

The interplay between epilepsy and neuroinflammation,
particularly the role of microglia, has garnered significant attention in
recent years. Microglia, the resident immune cells of the central
nervous system (CNS), play a crucial role in maintaining homeostasis
(1). However, when inappropriately activated, microglia can release a
wide range of inflammatory mediators that have the potential to
disrupt neuronal signaling and contribute to the development and
progression of neurological disorders (2). A study by Vezzani et al. (3)
reported microglial activation and upregulation of inflammatory
markers in the hippocampus and cortex of epileptic mice. Similarly,
Megumi et al. (4) found increased microglial density and activation in
the brains of patients with temporal lobe epilepsy (TLE).

Bibliometrics began as a relatively simple means of counting
publications and citations to assess the productivity and impact of
researchers and institutions (5). However, over the years, it has evolved
into a multifaceted discipline that incorporates various statistical
techniques, network analysis, and alternative metrics. This evolution has
been driven largely by the digital revolution and the availability of large-
scale repositories of scholarly data. The advent of big data and data
mining techniques has further propelled the development of
bibliometrics. By analyzing vast repositories of scholarly data, researchers
can identify patterns, trends, and emerging research areas. This
information is invaluable for strategic planning, resource allocation, and
policy making (6-8). In this paper, we aim to employ bibliometric
techniques to analyze the relationship between epilepsy and microglia.
By mining large-scale databases of scholarly publications, we will identify
the key research trends, hotspots, and emerging areas of investigation.
We will also examine the collaboration patterns and trends in this field,
aiming to provide insights into how research is conducted and supported.

2 Materials and methods
2.1 Data collection and retrieval strategy

The Web of Science Core Collection (WOSCC) is widely
acknowledged as a fundamental data source for bibliometric analysis and
research evaluation. We collected relevant literature as of April 11, 2024,
time span =2005-2024, and applied restrictions to the English language
from the WOS Core Collection. Two researchers (SYZ and XTY)
conducted the literature search independently. Only articles (rn=985)
and reviews (n=244) were considered for inclusion. The search terms
were provided in the following manner: TS = (“Epilepsy” OR “Epilepsies”
OR “Seizure Disorder” OR “Seizure Disorders” OR “Awakening Epilepsy”
OR “Cryptogenic Epilepsies” OR “Cryptogenic Epilepsy” OR “Aura” OR
“Auras”) AND TS=(“Microglia” OR “Microglias” OR “Microglial Cell”
OR “Microglial Cells”). Figure 1 shows the detailed retrieval strategy.

2.2 Statistical analysis

Bibliometrix (9) is an R package that performs bibliometric analyses,
including visualizing data, analyzing networks, and evaluating research
performance. It helps to identify important articles, authors, and trends
in science. VOSviewer is a complementary tool that is specialized in the
construction and visualization of bibliometric networks. It provides a
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clear overview of the research landscape of a field by creating maps
based on co-occurrences or citation links. They are an invaluable
resource for researchers and scholars across a wide range of fields.

The bibliometric analysis was carried out with the use of the
bibliometric package (version 4.1.4), R (version 4.3.3), and VOSviewer
(version 4.3.3). Using Microsoft Excel 2019, accumulated and annual
numbers of articles published were plotted.

3 Results
3.1 Publication trends

A total of 1,229 studies qualified for inclusion and were included
between 2005 and 2024 in the analysis, comprising of 985 articles and
244 reviews. Overall, the number of publications tends to increase,
although some years fluctuate slightly. This demonstrates that research
interest has continued and grown in the correlation between microglia
and epilepsy, specifically after 2019 (Figure 2).

3.2 Countries and affiliations

There were 1,582 affiliations from 68 Countries participated in
this field. All countries contributed as shown in Figure 3A. The most
productive countries were the United States, China and Germany.
Notably, the latter two have experienced significant production growth
since 2015 (Figure 3B). In terms of citations, the top five cited
countries: United States (14040), China (4869), Italy (3747),
Netherlands (3073), and United Kingdom (2531). The United States
remains well in the lead (Figures 3C,D).

In addition, cooperation (see Figures 4A,B) illustrates that China
and the USA have the most cooperation, whereas cooperation among
regions is still minimal.

Figure 5A indicates the top 10 institutions according to the
number of academic outputs. University of California system (70
papers) and Institut National De La Sante Et De La recherche medicale
(INSERM) (59 papers) occupied a dominant position, the other eight
organizations exhibited little variation in the number of articles they
published (Figure 5B).

3.3 Sources and co-citation
This study included 376 sources, of which the top 10 contributed

16.72%)
Neuroinflammation (n=>55, 16.72%) reported the most publications,

to 329 papers. Epilepsia (n=55, and Journal of
followed by Neurobiology of Disease (1 =49, 14.89%), International
Journal of Molecular Sciences (n=37, 11.25%), Neuroscience (n =24,
7.29%), Glia (n=23, 6.99%), Molecular Neurobiology (1n=23, 6.99%),
Frontiers In Cellular Neuroscience (n=22, 6.69%), Journal of
Neuroscience (n=21, 6.38%), and Frontiers
Neuroscience (n=20, 6.08%; Figures 6A,B).
Journal with more than 100 co-citations analyzed with VOSviewer
(Figure 6C). The Journal of Neuroscience (n=4,258) had the largest
number of co-citations, followed by Epilepsia (n=3,620), Glia

in  Molecular

(n=1,918), Proceedings of the National Academy of Sciences
(n=1,806), and Neurobiology of Disease (n=1,765).
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the number of citations.

(A) World Contribution. Posts become darker in color as they increase. (B) Country Production over Time. (C) Citations of country. The nodes represent
countries, with larger circles indicating a greater number of citations. (D) Citations of country. The darker the color and the larger the circle, the greater

3.4 Authors co-citation

Figures 7A,B summarize the 10 most prolific authors and the
number of publications over time. The top three are Aronica E (35
papers), Vezzani A (22 papers), and Engel T (18 papers). Strong
linkages exist between the clusters, suggesting a high level of
cooperation and communication (Figure 7C).

The h-index, g-index, and m-index are metrics used to evaluate
the impact and productivity of researchers and their publications.
The h-index, proposed by Jorge E Hirsch (10), measures the number
of publications that have been cited at least that number of times.
The g-index, introduced by Leo Egghe (11), considers the
distribution of citations and is defined as the highest rank where the
top articles received g2 citations. The m-index, proposed by Victor
A. Mavrodiev, counts the number of papers that have received at
least M citations, where M is the maximum number of citations
received by any of the researcher’s papers. These indices offer
different perspectives on the quality and distribution of citations.
Table 1 displays the three aforementioned indexes, as well as TC
(total citation), NP (the number of publications), and PY_start (the
year for the first publication). This deserves more attention from
these authors.

3.5 High-cited articles

High citation counts are an indication of an article’s impact and
influence within the field. They reflect the article’s ability to stimulate
further research, discussion, and application among scholars and
practitioners. Table 2 presents the 10 most cited articles from local
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sources, as defined by the literature searched. The global citation is the
total number of citations across all articles.

3.6 Keywords and theme

3.6.1 Keyword analysis

Using the R package Bibliometrix, the most prevalent keywords
with frequencies over 150, were TLE (n=229), expression (n=217),
microglia (n=208), epilepsy (n=177), activation (n=174), brain
(n=166), seizure (n=129), central nervous system (n=124),
inflammation (n=123), status epilepticus (n=118), modeling
(n=111), and microglia activation (n=109) (Figures 8A,B).

Based on the keywords, about 4 clusters can be identified by
VOSviewer: TLE (blue), microglia (green), neuroinflammation (red),
and inflammation (yellow) (Figure 8C). This green network primarily
exhibits microglia expression and activation during epileptogenesis.
This blue network is dedicated to the study of TLE, status epilepticus,
and the treatment of epilepsy. The red network primarily depicts
microglia activation based on the mouse model for studying
neuroinflammation, as well as the link between epilepsy and other
diseases, including Alzheimer’s disease and multiple sclerosis. The
objective of the yellow network is to concentrate on the general aspects
of inflammation.

3.6.2 Thematic evolution and hotspots

The thematic analysis commences with the extraction of pertinent
terms from the titles, keywords, and abstracts of related literature.
These terms are then subjected to Porter’s stemming algorithm (12),
which reduces inflected words to their word stem, base, or root form.
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(A) Collaboration world map. The thickness of the line is indicative of the strength of collaboration. (B) Corresponding author’s countries. Single
Country Publications (SCP): This refers to independent scientific research conducted by authors from the same country. Multiple Country Publications
(MCP): A collaborative effort between authors from two or more countries on the findings of scientific research.

This is followed by multiple correspondence analysis (MCA) to apply
cluster analysis, which maps conceptual connections (9). Figure 9A
reveals three distinct categories that encompass various aspects of
epilepsy and its related biological processes.

The first category revolves around TLE, focal epilepsy that
originates in the temporal lobe of the brain (13). This cluster highlights
specific pathophysiological mechanisms and clinical manifestations
associated with this type of epilepsy, including seizure patterns,
neurobiological changes, and potential treatment strategies.

The second category focuses on epilepsy-related disorders.
This cluster encompasses a wide range of comorbidities and
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conditions that are often associated with epilepsy, such as
Alzheimer’s disease (AD), traumatic brain injury (TBI), and
multiple sclerosis (MS).

The third category centers on microglia activation. Microglia are
immune cells in the brain that play a crucial role in the immune
response and inflammation. In the context of epilepsy, microglia
activation has been implicated in seizure generation and
epileptogenesis. This cluster explores the role of microglia in epilepsy,
including how their activation contributes to seizure activity and
interventions targeting microglia to

potential therapeutic

control seizures.
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Sankey diagram (Figure 9B) presents a comprehensive
visualization of the evolving research topics and related terminologies
spanning from 2005 to 2024. Distinct colors represent different years,
and lines connect the years to their respective research terms. The
chart reveals a diverse array of topics including ‘brain, ‘identification,
‘expression, and ‘antibodies, among others. Notably, terms such as
‘microglia, ‘microglial activation, ‘microglial expression, ‘protein, ‘gene
expression, ‘models, and ‘neuromodulation’ also play significant roles
in the chart.

The chart suggests a shift in research focus over the years. For
instance, the initial period (2005-2014) likely focused on fundamental
research concerning the brain and its functions, evident in the
prevalence of terms like ‘temporal-lobe epilepsy), ‘induced seizures,
The

and  ‘positron-emission-tomography’ following  years
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(2015-2018) seem to emphasize more on the role of microglia and its
activation in the central nervous system, as indicated by the increased
prominence of terms like ‘microglia, ‘microglial activation, and
‘nf-kappa-b.

Subsequently, the chart shows a progression toward
understanding the regulation and dysfunction of proteins, genes,
and models (2019-2021), reflected in terms like ‘differential
regulation, ‘gene expression, ‘animal models; and ‘oxidative stress.
Finally, the chart indicates a trend toward in-vivo studies exploring
the role of specific molecules like ‘amyloid-beta” and ‘nitric oxide
synthase’ in conditions like impairment’
‘autoantibodies’ (2022-2024).

To study the hotspots in epilepsy research over the past 5years,

‘cognitive and

we analyze this comprehensive graph (Figure 9C) depicting the
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(A) Most relevant authors. The size and color of the circle are indicative of the number of articles published. (B) Authors’ production over time. The size

of the circle volume represents the number of publications per year, while the color shade represents the number of citations per year. (C) Authors
co-citation over 20 times The color of each circle represents a distinct cluster, the size of the circle represents the frequency of authors, and the
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evolving relationship between epilepsy and microglia. The graph is Motor Themes: These are the core areas that are both
segmented into distinct categories, reflecting different levels of  significantly important and well-researched in epilepsy and
importance and development within the field: microglia studies. They represent the current focal points where
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TABLE 1 Author impact.

10.3389/fneur.2024.1439823

Element h_index g_index m_index TC NP PY_start
Aronica E 27 35 1.35 3,684 35 2005
Vezzani A 19 22 1 3,155 22 2006
Gorter Ja 15 17 0.75 1,676 17 2005
Spliet Wgm 15 16 0.75 1,427 16 2005
Engel T 14 18 1.077 884 18 2012
Van Rijen Pc 13 14 0.65 1,199 14 2005
Wu Lj 13 13 1.182 1,011 13 2014
Van Vliet Ea 12 14 0.6 1,309 14 2005
Kang Tc 11 14 0.579 520 14 2006
Ravizza T 11 11 0.579 1,482 11 2006

TG, total citation; NP, the number of publications; PY_start: the year for the first publication.

TABLE 2 Most local cited documents.

Author and Year Local Global LC/GC
Journal Citations Citations Ratio (%)
Innate and adaptive immunity during
epileptogenesis and spontaneous seizures: RAVIZZA T, 2008,
10.1016/j.nbd.2007.08.012 2008 125 533 23.45
Evidence from experimental models and NEUROBIOL DIS
human temporal lobe epilepsy
Glia and epilepsy: excitability and DEVINSKY O, 2013,
10.1016/j.tins.2012.11.008 2013 119 552 21.56
inflammation TRENDS NEUROSCI
Blood-brain barrier leakage may lead to VAN VLIET EA, 2007,
10.1093/brain/awl318 2007 81 600 13.50
progression of temporal lobe epilepsy BRAIN
Status Epilepticus Induces a Particular
AVIGNONE E, 2008, ] 10.1523/
Microglial Activation State Characterized by 2008 81 217 37.33
NEUROSCI JNEUROSCI.1820-08.2008
Enhanced Purinergic Signaling
Rapid astrocyte and microglial activation SHAPIRO LA, 2008, 10.1111/j.1528-
2008 71 179 39.66
following pilocarpine-induced seizures in rats = EPILEPSIA 1167.2008.01491.x
Microglia-Neuron Communication in
EYO UB, 2017, GLIA 10.1002/glia.23006 2017 70 172 40.70
Epilepsy
Evidence of activated microglia in focal BOER K, 2006, J
10.1016/j.jneuroim.2006.01.002 2006 69 120 57.50
cortical dysplasia NEUROIMMUNOL
VEZZANI A, 2013,
10.1016/j.expneurol.2011.09.033 2013 69 414 16.67
Epilepsy and brain inflammation EXP NEUROL
Neuronal Hyperactivity Recruits Microglial
Processes via Neuronal NMDA Receptorsand | EYO UB, 2014, ] 10.1523/
2014 68 305 22.30
Microglial P2Y12 Receptors after Status NEUROSCI JNEUROSCI.0416-14.2014
Epilepticus
Complex alterations in microglial M1/M2
BENSON M]J, 2015,
markers during the development of epilepsy in 10.1111/epi.12960 2015 63 118 53.39
EPILEPSIA
two mouse models

substantial advancements have been made and continue to shape
our understanding of epilepsy’s pathophysiology. Terms associated
with these themes, such as “Microglia Activation” and
“Expression,” indicate their profound impact on the
field’s progression.

Niche Themes: While well-developed, the Niche themes are not

considered central to the current epilepsy research field. These include
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studies on dentate granule cells, glutamate uptake mechanisms,
kindling epileptogenesis, MRI techniques, necrosis-factor-alpha,
induced up-regulation, and interferon-gamma. These areas provide
valuable insights into the pathophysiology of epilepsy but are not the
primary focus of recent research.

Emerging or Declining Themes: The Emerging or Declining themes
encompass areas that are either newly emerging or potentially fading
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FIGURE 8

inflammation.

(A) Wordcloud. The font size serves to indicate the frequency of occurrence. (B) Treemap. The area occupied represents the frequency of occurrence.
(C) Keyword cluster analysis. The color of each circle represents a distinct cluster, the size of the circle represents the frequency of keywords, and the
thickness of the line represents the strength of association between keywords. Green cluster: represented by epilepsy and microglia expression. Blue

cluster: represented by temporal lobe epilepsy. Red cluster: represented by microglia activation and other diseases. Yellow cluster: represented by

phagoeytosis
patithay.

$i vosviewer

from the research spotlight. Microglial activation, which overlaps with
the Motor themes, is also noted here, indicating its potential for further
development or decline depending on future research trends.
Additionally, the Cystatin B gene (CSTB) (—) mouse model, a genetic
model used to study epilepsy, falls into this category, suggesting a
possible shift in research focus. CSTB protein acts as an intracellular
thiol protease inhibitor, thereby inhibiting the functionality of tissue
proteases. Furthermore, it plays a pivotal role in brain development by
regulating various functions in neurons (14). Cstb knockout mice
represent a valuable resource for investigating the function of Cstb in
the brain. The loss of cerebellar granule cells and Purkinje cells was
observed in the cerebellum of Cstb-deficient mice (15). Furthermore,
the genetic mouse model of Dravet syndrome (DS) is of considerable
interest. In a study conducted by Salazar et al. (16), the activation of
microglia was observed in retinal tissue, suggesting that the retina may
serve as a potential biomarker for DS.

Basic Themes: The Basic themes represent fundamental concepts
in epilepsy research that are important to the field but not yet fully
developed. These include mouse and rat models of epilepsy,
Alzheimer’s disease (in the context of comorbidity or shared
pathophysiological mechanisms), cerebrospinal fluid biomarkers,
oxidative stress, cell death mechanisms, TLE, status epilepticus, and
the blood-brain barrier. These areas form the foundation for
understanding epilepsy but require further investigation to elucidate
their precise roles in the disease process.
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4 Discussion

The current study provides a comprehensive bibliometric analysis
of the relationship between microglia and epilepsy, drawing from the
extensive literature available in the Web of Science Core Collection
(WOSCC). The analysis covers a period spanning from 2005 to 2024,
highlighting trends, key contributors, research hotspots, and evolving
themes in this field.

The publication trends demonstrate a consistent increase in the
number of studies exploring the relationship between microglia and
epilepsy over the past two decades. This trend, which is evident in
both cumulative and annual publications, highlights the growing
interest and recognition of the importance of microglia in epilepsy
research. The increase is particularly significant after 2019,
indicating that the field has experienced a significant leap in the
past few years.

The analysis of countries and affiliations reveals that the
United States, China, and Germany are the most productive in this
research area. The United States, notably, maintains a strong lead in
terms of citations, suggesting that their research outputs are highly
impactful. The extensive collaboration among researchers, particularly
between China and the United States, suggests the value of
international cooperation in tackling complex neuroscientific
questions. Such collaborations foster the exchange of ideas, methods,
and resources, ultimately leading to more impactful research. The top
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(A) Cluster analysis. (B) Thematic evolution. The thickness of the line represents the strength of association between categories. (C) Thematic map.
Quadrant 1. Motor Themes both important and well developed; Quadrant 2: Niche Themes well-developed, but not important to the current field;
Quadrant 3: Emerging or Declining Themes fringe themes, also not well developed, probably just emerging, and may soon be superseded; Quadrant
4: Basic Themes important to the field, but not well developed. Typically refers to fundamental concepts. The size of the circle represents the

institutions, such as the University of California system and INSERM,
represent hubs of excellence in this research domain.

The analysis of sources and co-citations highlights the journals
that are most influential in this field. Epilepsia and Journal of
Neuroinflammation emerge as the most productive sources, indicating
their importance as platforms for disseminating cutting-edge research
on the microglia-epilepsy interface. The large number of co-citations
for the Journal of Neuroscience suggests its influence and centrality in
the research landscape. The analysis of authors reveals a cluster of
highly productive researchers in this area, with Aronica E, Vezzani A,
and Engel T leading the way. Their h-index, g-index, and m-index
values indicate their scientific impact and productivity. These
researchers serve as role models for aspiring scientists in the field.

Finally, the thematic analysis reveals three distinct categories
encompassing TLE, epilepsy-related disorders, and microglia
activation. The hippocampus, as a representative of the first category,
is an inescapable presence in the study of temporal lobe epilepsy and
has been demonstrated to exhibit both structural and functional
alterations in TLE (4). Some animal models have identified an
abnormal enhancement of neurogenesis in the hippocampal dentate
gyrus by microglia following epileptogenesis (17, 18). Microglia are
also implicated in the dysregulation of excitatory and inhibitory
synaptic balance, which is typically excitatory in patients with epilepsy
(19). Dysregulation of E/I balance in the hippocampus after epilepsy
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may lead to epilepsy recurrence (20, 21). When it comes to the cluster
of epilepsy-related disorders, one of the most significant contributors
to this category is AD, and the key to linking epilepsy, microglia, and
AD may be oxidative stress (OS). In vitro and in vivo studies have
indicated that the formation of reactive oxygen species (ROS) and the
resulting OS may be involved in the pathogenesis of seizures (22, 23).
Microglia are known to express an extensive range of pattern
recognition receptors (PRRs) that enable them to detect ROS,
subsequently leading to their activation and infiltration at the site of
injury (24). Similarly, Ap proteins have been demonstrated to activate
numerous inflammatory pathways in microglia, resulting in the
(25).
Accumulating evidence suggests that the release of neurotransmitters,

production of pro-inflammatory cytokines and ROS

such as glutamate and gamma-aminobutyric acid (GABA) (26), as
well as inflammatory cytokines and chemokines, contribute to
microglia activation and neuroinflammation. For example, Zhang
etal. (27) demonstrated that increased glutamate levels in the epileptic
brain activate microglia and promote the release of inflammatory
cytokines, which in turn exacerbate neuronal excitability and
epileptogenesis. Cytokines, such as interleukin-1p (IL-1f) and tumor
necrosis factor-a (TNF-a), have been shown to increase neuronal
excitability by modulating voltage-gated ion channels and excitatory
synaptic transmission (28-30). In addition, microglia-derived reactive
oxygen species can also contribute to epileptogenesis by disrupting
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the delicate balance between excitation and inhibition in the CNS
(31-33).

The evolving research topics over the years, reflected in the
Sankey diagram, indicate a shift from fundamental research on brain
functions to a deeper understanding of the regulation and
dysfunction of proteins, genes, and models. Recent research hotspots
focus on in-vivo studies exploring the role of specific molecules in
epilepsy and its comorbidities. In addition to the previously
discussed pro-inflammatory molecules, the nuclear factor-xB
(NF-kB) pathway is also of significance in recent years. NF-kB
activation is mediated by two major signaling pathways, namely the
canonical and the non-canonical NF-kB signaling pathways (34).
There has been controversy about the role of NF-xB in seizure
neurons, which may be attributed to the activation of different
NEF-kB subunits (35). However, for microglia, some studies showed
the toll-like receptor 4 (TLR4) /NF-kB signaling pathway may
be implicated in the activation and polarization of epileptic microglia
that results in increased brain damage (36, 37). Similarly, as a
principal constituent of the canonical pathway, TGF-f activated
kinase 1 (TAK1) is activated in microglia following experimental
induction of epilepsy and contributes to the pathogenesis of epilepsy
(38). NE-kB
further investigation.

Therefore, signaling pathway is worthy of

Based on the current analysis, several promising directions for
future research emerge. Firstly, there is a need for further exploration
of the specific molecular mechanisms underlying microglia activation
in epilepsy. Secondly, more studies utilizing animal models and in-vivo
approaches could provide critical insights into the role of microglia in
epileptogenesis. Finally, interdisciplinary approaches combining
neuroscience, immunology, and other disciplines could help unlock
new avenues for therapeutic interventions targeting microglia
in epilepsy.

5 Conclusion

In conclusion, this bibliometric study reveals a surge in epilepsy-
microglia research, led by key countries, journals, and researchers.
Temporal lobe epilepsy, epilepsy-related disorders, and microglia

References

1. Liu LR, Liu JC, Bao JS, Bai QQ, Wang GQ. Interaction of microglia and astrocytes
in the neurovascular unit. Front Immunol. (2020) 11:1024. doi: 10.3389/
fimmu.2020.01024

2. Xu L, He D, Bai Y. Microglia-mediated inflammation and neurodegenerative
disease. Mol Neurobiol. (2016) 53:6709-15. Epub 2015/12/15. doi: 10.1007/
512035-015-9593-4

3. Vezzani A, Balosso S, Ravizza T. Neuroinﬂammatory pathways as treatment targets
and biomarkers in epilepsy. Nat Rev Neurol. (2019) 15:459-72. doi: 10.1038/
541582-019-0217-x

4. Andoh M, Ikegaya Y, Koyama R. Microglia modulate the structure and function of
the Hippocampus after early-life seizures. ] Pharmacol Sci. (2020) 144:212-7. doi:
10.1016/j.jphs.2020.09.003

5. van Raan AFJ. Advanced bibliometric methods to assess research performance and
scientific development: basic principles and recent practical applications. Res Eval.
(1993) 3:151-66. doi: 10.1093/rev/3.3.151

6. Ellegaard O, Wallin JA. The bibliometric analysis of scholarly production: how great
is the impact? Scientometrics. (2015) 105:1809-31. doi: 10.1007/s11192-015-1645-z

7. Haustein S, Lariviére V. The use of Bibliometrics for assessing research: possibilities,
limitations and adverse effects In: IM Welpe, ] Wollersheim, S Ringelhan and M

Frontiers in Neurology

11

10.3389/fneur.2024.1439823

activation are focal themes. Future directions include exploring
microglia activation mechanisms, utilizing animal models, and
interdisciplinary approaches.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Author contributions

SZ: Writing - original draft, Data curation. XY: Writing - original
draft, Visualization, Formal analysis. YW: Writing - review & editing.

Funding

The author(s) declare that financial support was received for the
research, authorship, and/or publication of this article. This study was
supported by the National Natural Science Foundation of China (No.
82371461).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Osterloh, editors. Incentives and performance: Governance of research organizations.
Cham: Springer International Publishing (2015). 121-39.

8. Hicks D, Melkers J. Bibliometrics as a tool for research evaluation. Cheltenham, UK:
Edward Elgar Publishing (2013).

9. Aria M, Cuccurullo C. Bibliometrix: an R-tool for comprehensive science mapping
analysis. Amsterdam, Netherlands: Elsevier (2017).

10. Hirsch JE. An index to quantify an Individual's scientific research output. Proc Natl
Acad Ences U S A. (2005) 102:16569-72. doi: 10.1073/pnas.0507655102

11. Michael S. The influence of self-citation corrections on Egghe's G index.
Scientometrics. (2008) 76:187-200. doi: 10.1007/s11192-007-1886-6

12. Porter ME. An algorithm for suffix stripping. Program. (2006) 40:211-8. doi:
10.1108/00330330610681286

13. Gill RS, Mirsattari SM, Leung LS. Resting state functional network disruptions in
a Kainic acid model of temporal lobe epilepsy. Neuroimage Clin. (2017) 13:70-81. doi:
10.1016/j.nicl.2016.11.002

14. Singh S, Haméldinen RH. The roles of cystatin B in the brain and pathophysiological
mechanisms of progressive myoclonic epilepsy type 1. Cells. (2024) 13:170. doi: 10.3390/
cells13020170

frontiersin.org


https://doi.org/10.3389/fneur.2024.1439823
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.3389/fimmu.2020.01024
https://doi.org/10.3389/fimmu.2020.01024
https://doi.org/10.1007/s12035-015-9593-4
https://doi.org/10.1007/s12035-015-9593-4
https://doi.org/10.1038/s41582-019-0217-x
https://doi.org/10.1038/s41582-019-0217-x
https://doi.org/10.1016/j.jphs.2020.09.003
https://doi.org/10.1093/rev/3.3.151
https://doi.org/10.1007/s11192-015-1645-z
https://doi.org/10.1073/pnas.0507655102
https://doi.org/10.1007/s11192-007-1886-6
https://doi.org/10.1108/00330330610681286
https://doi.org/10.1016/j.nicl.2016.11.002
https://doi.org/10.3390/cells13020170
https://doi.org/10.3390/cells13020170

Zhang et al.

15. Joensuu T, Tegelberg S, Reinmaa E, Segerstrale M, Hakala P, Pehkonen H, et al.
Gene expression alterations in the cerebellum and granule neurons of Cstb(—/—) mouse
are associated with early synaptic changes and inflammation. PLoS One. (2014) 9:¢89321.
doi: 10.1371/journal.pone.0089321

16. Salazar JJ, Satriano A, Matamoros JA, Fernandez-Albarral JA, Salobrar-Garcia E,
Lopez-Cuenca I, et al. Retinal tissue shows glial changes in a Dravet syndrome Knock-in
mouse model. Int ] Mol Sci. (2023) 24:727. doi: 10.3390/ijms24032727

17. Eyo UB, Murugan M, Wu L]. Microglia-neuron communication in epilepsy. Glia.
(2017) 65:5-18. doi: 10.1002/glia.23006

18. Hiragi T, Ikegaya Y, Koyama R. Microglia after seizures and in epilepsy. Cells.
(2018) 7:26. doi: 10.3390/cells7040026

19. Andoh M, Ikegaya Y, Koyama R. Synaptic pruning by microglia in epilepsy. J Clin
Med. (2019) 8:170. doi: 10.3390/jcm8122170

20. Dube C, Chen K, Eghbal-Ahmadi M, Brunson K, Soltesz I, Baram TZ. Prolonged
febrile seizures in the immature rat model enhance hippocampal excitability long term.
Ann Neurol. (2000) 47:336-44. doi: 10.1002/1531-8249(200003)47:3<336::AID-
ANA9>3.0.CO;2-W

21.Bender RA, Dubé C, Gonzalez-Vega R, Mina EW, Baram TZ. Mossy Fiber
plasticity and enhanced hippocampal excitability, without hippocampal cell loss or
altered neurogenesis, in an animal model of prolonged febrile seizures. Hippocampus.
(2003) 13:399-412. doi: 10.1002/hipo.10089

22. Geronzi U, Lotti F, Grosso S. Oxidative stress in epilepsy. Expert Rev Neurother.
(2018) 18:427-34. doi: 10.1080/14737175.2018.1465410

23. Pauletti A, Terrone G, Shekh-Ahmad T, Salamone A, Ravizza T, Rizzi M, et al.
Targeting oxidative stress improves disease outcomes in a rat model of acquired epilepsy.
Brain. (2019) 142:€39. doi: 10.1093/brain/awz130

24. Vezzani B, Carinci M, Patergnani S, Pasquin MP, Guarino A, Aziz N, et al. The
dichotomous role of inflammation in the Cns: a mitochondrial point of view. Biomol
Ther. (2020) 10:1437. doi: 10.3390/biom10101437

25. Merighi S, Nigro M, Travagli A, Gessi S. Microglia and Alzheimer's disease. Int ]
Mol Sci. (2022) 23:2990. doi: 10.3390/ijms232112990

26.Liu H, Leak RK, Hu X. Neurotransmitter receptors on microglia. Stroke Vasc
Neurol. (2016) 1:52-8. doi: 10.1136/svn-2016-000012

Frontiers in Neurology

12

10.3389/fneur.2024.1439823

27.Zhang X, Wang D, Zhang B, Zhu ], Zhou Z, Cui L. Regulation of microglia by
glutamate and its signal pathway in neurodegenerative diseases. Drug Discov Today.
(2020) 25:1074-85. doi: 10.1016/j.drudis.2020.04.001

28. De Simoni MG, Perego C, Ravizza T, Moneta D, Conti M, Marchesi E et al.
Inflammatory cytokines and related genes are induced in the rat Hippocampus by limbic
status epilepticus. Eur ] Neurosci. (2000) 12:2623-33. doi: 10.1046/j.1460-9568.2000.00140.x

29. Rizzi M, Perego C, Aliprandi M, Richichi C, Ravizza T, Colella D, et al. Glia activation
and cytokine increase in rat Hippocampus by Kainic acid-induced status epilepticus during
postnatal development. Neurobiol Dis. (2003) 14:494-503. doi: 10.1016/j.nbd.2003.08.001

30. Plata-Salamdn CR, Ilyin SE, Turrin NP, Gayle D, Flynn MC, Romanovitch AE,
et al. Kindling modulates the II-1beta system, Tnf-alpha, Tgf-Betal, and neuropeptide
Mrnas in specific brain regions. Brain Res Mol Brain Res. (2000) 75:248-58. doi: 10.1016/
50169-328x(99)00306-x

31. McElroy PB, Liang LP, Day BJ, Patel M. Scavenging reactive oxygen species inhibits
status epilepticus-induced Neuroinflammation. Exp Neurol. (2017) 298:13-22. doi:
10.1016/j.expneurol.2017.08.009

32. Shekh-Ahmad T, Kovac S, Abramov AY, Walker MC. Reactive oxygen species in
status epilepticus. Epilepsy Behav. (2019) 101:106410. doi: 10.1016/j.yebeh.2019.07.011

33. Almeida C, Pongilio RP, M6vio MI, Higa GSV, Resende RR, Jiang J, et al. Distinct
cell-specific roles of Nox2 and Myd88 in Epileptogenesis. Front Cell Dev Biol. (2022)
10:926776. doi: 10.3389/fcell.2022.926776

34. Sun SC. The non-canonical Nf-Kb pathway in immunity and inflammation. Nat
Rev Immunol. (2017) 17:545-58. doi: 10.1038/nri.2017.52

35. Cai M, Lin W. The function of Nf-kappa B during epilepsy, a potential therapeutic
target. Front Neurosci. (2022) 16:851394. doi: 10.3389/fnins.2022.851394

36. Wu Q, Wang H, Liu X, Zhao Y, Su P. Microglial activation and over pruning
involved in developmental epilepsy. ] Neuropathol Exp Neurol. (2023) 82:150-9. doi:
10.1093/jnen/nlac111

37.Wu Q, Wang H, Liu X, Zhao Y, Zhang J. The role of the negative regulation of
microglia-mediated Neuroinflammation in improving emotional behavior after epileptic
seizures. Front Neurol. (2022) 13:823908. doi: 10.3389/fneur.2022.823908

38. Khan D, Bedner P, Miiller ], Liilsberg F, Henning L, Prinz M, et al. Tgf-B activated

kinase 1 (Takl) is activated in microglia after experimental epilepsy and contributes to
Epileptogenesis. Mol Neurobiol. (2023) 60:3413-22. doi: 10.1007/s12035-023-03290-2

frontiersin.org


https://doi.org/10.3389/fneur.2024.1439823
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1371/journal.pone.0089321
https://doi.org/10.3390/ijms24032727
https://doi.org/10.1002/glia.23006
https://doi.org/10.3390/cells7040026
https://doi.org/10.3390/jcm8122170
https://doi.org/10.1002/1531-8249(200003)47:3<336::AID-ANA9>3.0.CO;2-W
https://doi.org/10.1002/1531-8249(200003)47:3<336::AID-ANA9>3.0.CO;2-W
https://doi.org/10.1002/hipo.10089
https://doi.org/10.1080/14737175.2018.1465410
https://doi.org/10.1093/brain/awz130
https://doi.org/10.3390/biom10101437
https://doi.org/10.3390/ijms232112990
https://doi.org/10.1136/svn-2016-000012
https://doi.org/10.1016/j.drudis.2020.04.001
https://doi.org/10.1046/j.1460-9568.2000.00140.x
https://doi.org/10.1016/j.nbd.2003.08.001
https://doi.org/10.1016/s0169-328x(99)00306-x
https://doi.org/10.1016/s0169-328x(99)00306-x
https://doi.org/10.1016/j.expneurol.2017.08.009
https://doi.org/10.1016/j.yebeh.2019.07.011
https://doi.org/10.3389/fcell.2022.926776
https://doi.org/10.1038/nri.2017.52
https://doi.org/10.3389/fnins.2022.851394
https://doi.org/10.1093/jnen/nlac111
https://doi.org/10.3389/fneur.2022.823908
https://doi.org/10.1007/s12035-023-03290-2

	Bibliometric analysis of the interplay between epilepsy and microglia: trends, hotspots, and emerging research areas
	1 Introduction
	2 Materials and methods
	2.1 Data collection and retrieval strategy
	2.2 Statistical analysis

	3 Results
	3.1 Publication trends
	3.2 Countries and affiliations
	3.3 Sources and co-citation
	3.4 Authors co-citation
	3.5 High-cited articles
	3.6 Keywords and theme
	3.6.1 Keyword analysis
	3.6.2 Thematic evolution and hotspots

	4 Discussion
	5 Conclusion

	References

