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Objective: The aim of this study was to conduct a bibliometric analysis of the literature on “Extracellular Vesicles in the Treatment of Oxidative Stress Injury” and to reveal its current status, hot spots and trends.
Methods: The relevant literature was obtained from the Web of Science Core Collection (WoSCC) on 29 April 2023. We performed clustering and partnership analysis of authors, institutions, countries, references and keywords in the literature through CiteSpace software and the bibliometric online analysis platform and mapped the relevant knowledge maps.
Results: A total of 1,321 relevant publications were included in the bibliometric analysis, with the number of publications in this field increasing year by year. These included 944 “articles” and 377 “reviews”. The maximum number of publications published in China is 512, and the maximum number of highly cited publications published in the United States is 20. Based on CiteSpace, the country collaboration network map shows close and stable collaboration among high-productivity countries. Based on WoSCC, there are 1706 relevant research institutions and 119 highly cited elite institutions, among which Kaohsing Chang Gung Men Hosp has the most extensive influence. Studies related to “Extracellular Vesicles in the Treatment of Oxidative Stress Injury” have been published in 548 journals. The keywords of the publications show the main research areas and breakthroughs. Based on WoSCC, the keywords of the research area “Extracellular Vesicles in the Treatment of Oxidative Stress Injury” were found to be as follows: exosome(s), extracellular vesicle(s), oxidative stress, inflammation, mesenchymal stem cells, apoptosis, microRNA (miRNA), mitochondria, biomarker, autophagy, angiogenesis and Alzheimer’s disease. Analysis showed that “mesenchymal stem cells”, “microRNA”, “autophagy”, “histology” and “therapeutic” emerged as highly explosive keywords.
Conclusion: This study is the first to use visual software and data mining to assess the literature in the field of “Extracellular Vesicles in the Treatment of Oxidative Stress Injury”. The research history, research status and direction in this field provide a theoretical basis for its scientific research.
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1 INTRODUCTION
Extracellular vesicles (EVs) are membranous vesicles released by a variety of cells under different physiological and pathophysiological conditions. They can be detected in body fluids, including plasma, saliva, amniotic fluid and breast milk, and contain proteins, lipids and RNA representing host cells (Kalra et al., 2012). EVs are categorized according to their diameters, and the most numerous are small EVs, such as exosomes, small ectosomes (Mathieu et al., 2021), ciliary exosomes, small ectosomes (Mathieu et al., 2021), and ciliary ectosomes (Cao et al., 2015), etc. The number of medium-sized EVs with diameters of 200–800 nm is less than that of all EVs, such as microvesicles, FDC-derived iccosomes, T-cell microvilli particles (Kim et al., 2018), and elongated neutrophil-derived structures (Marki et al., 2021), etc. while the number of large EVs with diameters ≥1 μm is less. EVs with diameters ≥1 μm are fewer in number, such as apoptotic bodies, large oncosomes (Di Vizio et al., 2012), beaded apoptopodia (Atkin-Smith et al., 2019), migrasomes (Ma et al., 2015), exophers (Melentijevic et al., 2017), and en bloc-released virus clusters (Kerviel et al., 2021), etc. In addition, EVs also include vesicles produced by different cell death mechanisms, such as apoptosis, necrosis or focal death. Extracellular vesicles have many biological functions. They can quickly remove unnecessary molecules from cells, make cells mature and adapt to changes quickly, and activate blood coagulation. Extracellular vesicles, as units, can be transmitted between cells through surface proteins and encapsulated cargo molecules, thus regulating the functions of other cells. EVs are essential in various physiological and pathological aspects of the body. We can predict new biomarkers for disease treatment and drug monitoring, as well as new therapeutic and delivery tools, by making statistics based on the publication of recent articles and reviews in this field (Buzas, 2023).
Oxidative stress refers to the situation in which the level of oxygen and oxygen-derived free radicals exceeds the natural antioxidant defense capacity of cells (Bisht et al., 2017). The aggravation and prolongation of symptoms caused by oxidative stress is always a major problem in various common clinical diseases. The antioxidant activity of EVs has unique advantages in inhibiting oxidative damage and alleviating inflammatory reactions (Wang et al., 2020a). It is closely related to the regulation of oxidative stress damage in various systemic diseases.
At present, research on “Extracellular Vesicles in the Treatment of Oxidative Stress Injury” mainly focuses on apoptosis, autophagy, stem cells and miRNAs. The steady growth of research results in the above research directions shows that the exploration prospects are broad.
Bibliometrics combines mathematical statistics and literature. It uses quantification to explore the structural characteristics and hot trends of the discipline (Dong et al., 2022). At present, there is no bibliometric publication on the quantitative study of extracellular vesicles in the treatment of oxidative stress injury. Therefore, this paper uses bibliometrics to systematically review the research in this field and quantitatively related literature, and at the same time, with the help of visual literature tools, the research hotspots and frontiers in this research field are analyzed. Compared with a literature review, this study is a new attempt to review and visualize the research field on a large time scale from a global perspective to help relevant scholars understand the research status and trends in the world in time and provide certain guidance for researchers, scientific research and policy making (Liu et al., 2023).
2 METHODS
2.1 Data source
The data were obtained from the Web of Science core of Clarivate (https://clarivate.com/) on 29 April 2023. The retrieval link is https://www.webofscience.com/wos/woscc/summary/cbffeb5d-278b-47a0-97e8-20438205b8a0-862ebd16/relevance/1. A total of 1,321 papers were retrieved, including 40 highly cited papers, 377 review papers, 31 online published papers and 943 open access papers. Topic terms (search title, abstract, author keywords and Keywords Plus) are used in the WoSCC database. The time range and paper form of the search are not limited. The search was limited to publications written in English. The search terms included “EVs”, “exosomes” and “oxidative stress”. All electronic searches were conducted on 29 April 2023. The literature was read independently by three reviewers. First, the literature was screened according to the title and abstract of the article and then screened again according to the inclusion and exclusion criteria. Included is any article or review related to the topic “Extracellular Vesicles in the Treatment of Oxidative Stress Injury”. After screening, if there was any dispute over the 1,321 selected publications, the final decision was discussed and voted on by the three evaluators again.
2.2 Data screening and processing
The retrieved journal publications on “Extracellular Vesicles in the Treatment of Oxidative Stress Injury” were imported into Note Express software and screened by three evaluators, and 1,321 papers were finally included. Document data exported from WoSCC are saved in “plain text file” and “tab delimited file” formats. Three researchers reviewed the selected articles and then imported them into CiteSpace software and OALM. Through the online analysis platform of bibliometrics (OALM) and CiteSpace, 1,321 publications on “Extracellular Vesicles in the Treatment of Oxidative Stress Injury” were comprehensively analyzed by number, country, journal, author, and keywords, and a visual graph was generated, in which each node represents different meanings, such as country, author, and journal. The size of the node reflects frequency and importance, and the color shade in the CiteSpace graph indicates year or different clusters. The nodes in the graph represent different meanings, such as country, author, and journal. The size of the nodes reflects the frequency and importance, and the color shades in the CiteSpace graph indicate the year or different clusters. We used Excel software to process the trend of the number of documents analyzed by the Online Analysis Platform for Bibliometrics (OALM), which was presented in the form of bar charts, histograms and pie charts. To prevent the cocitation network from being too complex, this paper adopts the Pathfinder Algorithm (PFA) to simplify the network by removing the edges that violate the triangular inequality and accurately extracting the key structure of the network.
2.3 Document measurement index
The literature measures used in this paper mainly include the following four indexes: frequency, centrality, detonation degree and clustering. Frequency indicates that the selected publications appear in different classifications, and the research hotspots and trends of 1,321 publications showing “Extracellular Vesicles in the Treatment of Oxidative Stress Injury” are classified by years and countries so that readers can clearly understand the history of this research field and find future exploration directions. Centrality is an important index of document clustering and a central measure of the degree of control of network nodes over resources in document metrology graphs, which mainly measures the role of each node in a specific network graph. If the centrality of a node is higher, the more the node appears on the shortest path in the network graph, the greater the possibility that other nodes will establish co-occurrence relationships with it, and the greater the influence and importance of the node in the network graph. Nodes with centrality exceeding 0.1 are called critical nodes (Liu et al., 2023); “Detonation” means causing something to cause a sensation. “Detonation degree” means the strength of the sensational effect. Key words of publications, the detonation degree of publications and authors indicate that this index is highly concerned and belongs to hot content within the corresponding age span. Clustering refers to grouping physical or abstract objects into multiple classes composed of similar objects. The goal is to collect data on the basis of similarity to classify and measure the similarity between different data sources and classify data sources into different clusters.
3 RESULT
3.1 Quantitative analysis
According to the statistical graph derived from the search strategy (Figure 1A), the number of papers published on “Extracellular Vesicles in the Treatment of Oxidative Stress Injury” is generally on the rise, which indicates that this research has gradually been emphasized, and the research value and application fields are becoming increasingly extensive. The total number of studies on “Extracellular Vesicles in the Treatment of Oxidative Stress Injury” was 1,321, including 944″articles” and 377″reviews” (Figure 1B). From the point of view of the growth rate of the number of papers published each year, the whole period can be divided into three parts: the first phase (2001–2006), during which few scholars studied the interactions between exosomes and oxidative stress, and there were only a few papers, and this kind of research was still in the initial stage of germination; the second phase (2007–2015), during which the research on the treatment of oxidative stress-related disorders with exosomes entered the initial period of exploration, and the average annual publication rate was 1,040 articles and 1,377 reviews (Figure 1B). In the second phase (2007–2015), research on exosomes for oxidative stress-related diseases entered the initial exploration period, with an average of 8.67 articles per year; in the third phase (2016–2023), the number of papers in this direction exploded and entered a prosperous period, and the number of papers is currently at its peak in 2022, with 333 articles. 2023, the number of articles is 75 according to the statistics of “Extracellular Vesicles in the Treatment of Oxidative Stress Injury”. Based on the growing trend of research papers related to “Extracellular Vesicles in the Treatment of Oxidative Stress Injury”, it is predicted that this type of research will reach a new peak after the end of 2023.
[image: Figure 1]FIGURE 1 | Number of publications per year (A, C); literature type (B, D); (A, B) All related literature; (C, D) Highly cited essentials).
Price’s Law describes the pattern of change in the volume of literature in a particular category over time and predicts future trends. Based on Price’s law, we calculate the equation of the exponential curve for the third stage (2016–2023) as y = 4E-284e0.3256x. The simulated curve fits well with the annual growth trend of the literature with a high coefficient of determination (R2 = 0.9922). Based on the exponential curve equation, we can predict that the annual growth of articles will continue in the coming years. In addition, we selected 40 highly cited papers in this research direction, which we call “Highly Cited Essentials” (Figure 1C). Highly cited papers have gradually appeared since 2013, and the highest number of highly cited quintessences was published in 2019, with 8 papers. However, half of the highly cited essences belong to reviews, with 21 out of 40 (Figure 1D), indicating that this research area has great explorability and promising prospects for development.
3.2 Country analysis
The statistics on the number of papers published in the total number of countries found that, based on the core set of Web of Science, the research on “Extracellular Vesicles in the Treatment of Oxidative Stress Injury” involves 10 countries/regions, and the countries/regions that produced the most highly cited articles have slightly changed. China published the most articles with 512 (Figure 2A), and the United States published the most highly cited articles with 20 (Figure 2B). Based on CiteSpace, a map of national collaboration networks shows close and stable collaborations between high-productivity countries (Figure 2C), with the United States, China, Italy, and the United Kingdom collaborating more with institutions in other countries, and the United States collaborating the most extensively and conducting the most advanced research related to “Extracellular Vesicles in the Treatment of Oxidative Stress Injury” (Figure 2D). The United States has the most extensive collaboration and is the leader in conducting research on “Extracellular Vesicles in the Treatment of Oxidative Stress Injury” (Figure 2D), and China’s research development in this area has started gradually since 2013, while more than half of the other countries have fewer interactions with other countries (Figure 2D).
[image: Figure 2]FIGURE 2 | Country of Related Literature (A, B); Country Cooperation (C, D); (A, C, D) All relevant literature; (B) Highly cited essence).
3.3 Institutional analysis
Based on the WoSCC, there are 1,706 related research institutions and 119 highly cited elite institutions. Among them, Kaohsing Chang Gung Men Hosp had the widest reach (Figure 3B), with 48 publications, and this institution had the most cited articles (477). The four institutions with the highest average number of citations were ASTAR, Netherlands Heart Inst ICIN, NUS, and First Peoples Hosp Lianyungang, with averages of 92, 92, 92, and 65 citations, respectively. Shanghai Jiao Tong University had the highest number of papers (Table 1) at 68, but the total number of citations was slightly lower compared to Kaohsing Chang Gung Men Hosp at 292 (Table 1). The institutions of publications were filtered and visualized based on CiteSpace, and a collaboration network was constructed based on the number of publications and relationships of each institution (Figure 3A). The diagram of the institutional collaboration network shows that there is close collaboration among research institutions, dominated by individual universities, e.g., Shanghai Jiao Tong University, University of Texas, Harvard University, and Johns Hopkins University.
[image: Figure 3]FIGURE 3 | Institutions of relevant literature (A). Cooperation between institutions (B). (B) Each small blue dot represents an organization link represents collaboration. The larger the blue dot, the more collaboration. Deep Blue Dot is the agency that cooperates the most. Red Dot is the agency that cooperates with this agency.
TABLE 1 | Top 10 research institutions.
[image: Table 1]3.4 Authors’ analysis
Based on CiteSpace, there are 525 authors in all related studies (Figure 1A). Among them, Menon, Ramkumar, Kumar, Santosh and Kododela, Sunitha have the largest nodes with the highest cumulative number of publications. The number of publications on “Extracellular Vesicles in the Treatment of Oxidative Stress Injury” was 20, 13 and 11, respectively. The authors’ collaborative network diagram (Figure 1B) shows that there is a collaborative relationship between the high-producing authors, forming a stable research team. In all the studies, Menon and Ramkumar were also authors who collaborated extensively with other scholars. In addition, we observed close collaboration between multiple authors. For example, Liu YT has close collaboration with Hamrick MW, Zhang K, and Zhou YL; Chen ZQ has active collaboration with Wang YX. Among the many authors who produced highly cited essences (Figure 1C), most of the scholars who worked closely with each other belonged to the same research institution, authors who belonged to different institutions collaborated less with each other, and Zhang, X collaborated more closely with a large number of scholars from both institutions.
3.5 Publication analysis
Based on WoSCC (Table 2), studies related to “Extracellular Vesicles in the Treatment of Oxidative Stress Injury” have been published in 548 journals. The largest number of publications is in the International Journal of Molecular Sciences (59), followed by Stem Cell Research & Therapy (38), Oxidative Medicine and Cellular Longevity (38) and Cells (31 articles). The highest total citations were for Stem Cell Research & Therapy with 206 citations, and the highest average citations were for Stem Cell Research with 92 citations. Among the top 10 journals with the highest total citations, the journal with the highest impact factor was Free Radical Biology and Medicine (IF = 7.4). As seen from the article citation relationship network diagram (Figure 5A), the articles that are more closely related to each other and are cross-cited have the highest number of citations in Arslan, F et al., 2013, “Mesenchymal stem cell-derived exosomes increase ATP levels, decrease oxidative stress and activate PI3K/Akt pathway to enhance myocardial viability and prevent adverse remodeling after myocardial ischemia/reperfusion injury” (Figure 4D), but the year of its publication is more advanced, and the highly cited essences of the last 3 years are Zhao, RT-2022 and Zhao, M- 2021, respectively, published in the Journal of the International Academy of Sciences. RT-2022 and Zhao, M-2021, published in the Journal of Controlled Release (IF = 10.8) and ACS Nano (IF = 17.1), respectively, and both of them are researching “Extracellular Vesicles in the Treatment of Oxidative Stress Injury”, which indicates that this research direction has promising prospects for exploration. This indicates that this research direction is promising.
TABLE 2 | Introduction to publications.
[image: Table 2][image: Figure 4]FIGURE 4 | Collaborative relationship between authors of related literature (A, B, C). (A, B) All relevant literature; (C) Highly cited essentials; (B, C) Each small blue dot represents an author link for collaboration; The bigger the blue dot, the more collaboration; The deep blue dot is the author who collaborates the most; The red dot is the author who collaborates with the author). Citation Relation Network of Journals and Related Documents (D). (D): All relevant literature; Each small blue dot represents an article. Link represents a reference. The larger the blue dot, the more references. The deep blue dot is the most cited article, and the red dot is the article that quoted the article.)
3.6 Keyword analysis
3.6.1 Word frequency analysis
The keywords of a publication show its main research areas and breakthroughs, which allow scholars to accurately find the target group of literature when searching the literature. The changes in keywords in the research field also represent the changes in the hotspots of exploration and the depth of the research results in the research field, which is an important representation of the publication only after the title. Based on WoSCC, the keywords in the research field of “Extracellular Vesicles in the Treatment of Oxidative Stress Injury” were found to be the following by analyzing the word frequency of the keywords over the years (Figure 5A; Table 3): exosome(s), extracellular vesicle(s), oxidative stress, oxidative stress, and other keywords. The key words in this research area are as follows: exosome(s), extracellular vesicle(s), oxidative stress, inflammation, mesenchymal stem cells, apoptosis, microRNA (miRNA), mitochondria, biomarker, autophagy, angiogenesis, and Alzheimer’s disease, where the top five keyword word frequencies are exosome(s) (513), extracellular vesicle(s) (302), oxidative stress (203), stem cells (mesenchymal stem cells) (106) and inflammation (89). As seen, while studying “Extracellular Vesicles in the Treatment of Oxidative Stress Injury”, numerous scholars also explore exosomes and ex vesicles for inflammation and apoptosis at the same time, and in general, oxidative stress and inflammation and apoptosis are intertwined and cocausing diseases. From 2015, stem cell exosomes gradually began to be studied, and until 2019, the number of publications on “Extracellular Vesicles in the Treatment of Oxidative Stress Injury” gradually increased, peaking at 27 in 2022, indicating that this research field is booming and has a very bright future.
[image: Figure 5]FIGURE 5 | A: Annual number of commonly used keywords.
TABLE 3 | Frequency of commonly used keywords.
[image: Table 3]3.6.2 Cluster analysis
The keywords of the publication are clustered by the criterion of “the same in the same category and different in the different categories”, and the results of the cluster analysis are labeled by the log-likelihood ratio (LLR) method to explore and excavate the potential differences and connections of the keywords and to reflect the hotspots of the research direction and the future research direction. The “Q” value in the cluster analysis timeline graph (Figure 6) is used to evaluate the performance of the clustering network, and the “S” value is used to measure the homogeneity of the cluster members. Q > 0.3 and S > 0.5 indicate that the structure of the obtained clustering network is significantly convincing and that the clustering results are reasonable, respectively. The “Q” value of 0.3769 and the “S” value of 0.6712 in Figure 6A, B, respectively, indicate that these clustering graphs are reasonable and that the clustering results are reasonable. indicating that these clustering diagrams are reasonable and informative. In the study of “Extracellular Vesicles in the Treatment of Oxidative Stress Injury”, there are 12 meaningful clusters (Table 4), and there are several overlapping clusters in the clustering diagram, indicating that the research is highly relevant, among which stem cells contain the most keywords, indicating that stem cells play an important role in the treatment of oxidative stress injury and have the potential to play an important role in the treatment of oxidative stress injury and have the potential to play a significant role in the treatment of oxidative stress. and play an important role in the treatment of oxidative stress injury, with numerous points that can be mined and explored.
[image: Figure 6]FIGURE 6 | Clustering view of related literature keywords (A); Keyword Clustering Timeline View of Related Literature (B), (A, B) All relevant literature).
TABLE 4 | Keyword co-occurrence network clustering table.
[image: Table 4]3.6.3 Detonation level analysis
Keyword detonation refers to the frequency of simultaneous appearances and the degree of sudden change of a keyword in a period of time and is mainly used to study hotspots in a specific period of time. In this study, CiteSpace identified 15 keywords with strong bursts (Figure 7). The citation bursts for the keywords appeared as early as 2007 and as late as 2022. The keyword with the strongest outburst (intensity = 7.04) was “in vivo”, with outbursts from 2007 to 2018. The keyword with the second strongest outbreak (intensity = 5.09) was “membrane vesicles”, with outbreaks from 2008 to 2018. Overall, the 15 keywords had outbreak intensities ranging from 3.49 to 7.04, with endurance ranging from 1 to 11 years, spanning a range of years.
[image: Figure 7]FIGURE 7 | The detonation degree γ [0, 1] = 0.9, Minimum Duration = 1.
4 DISCUSSION
4.1 Basic information
Extracellular vesicles are a means of long-distance cell-to-cell communication in organisms and are mainly categorized as exosomes, extracellular vesicles, and apoptotic vesicles with a double-membrane structure. Exosomes are small membrane vesicles containing complex RNA and proteins with a diameter of 40–160 nm (average 100 nm). Exosomes can be produced in cell cultures or in the supernatants of body fluids, e.g., blood, saliva, urine, breast milk, cerebrospinal fluid, bile, and lymph (Caplan and Correa, 2011; Morrison et al., 2017; Ogisu et al., 2020). Exosomes carry a variety of genetic material, including microRNAs (miRNAs) and mRNAs, which harbor the biological functions of parental cells, possessing numerous functions, such as disease therapy and cellular communication (Xia et al., 2019). Compared to the parental cells of exosomes, exosomes have many advantages, such as low immunogenicity, high viability, and ease of crossing biological barriers, making them a safe and effective alternative to cell therapy (Wang et al., 2020b).
Oxidative stress (OS) is a state in which there is an imbalance between oxidative and antioxidant effects in the body, leading to inflammatory infiltration of neutrophils, increased secretion of proteases, and production of large amounts of oxidized intermediates. Oxidative stress is a negative effect produced by free radicals in the body and is an important pathogenic factor of many diseases. Today, the field of oxidative stress research includes chemistry, biochemistry, cell biology, physiology and pathophysiology, all the way to medicine, health and disease research (Sies, 2015).
Research on “exosomes” first appeared in 1970, and “oxidative stress” was first proposed in 1960. Based on the WoSCC, we found that “Extracellular Vesicles in the Treatment of Oxidative Stress Injury” has been gradually explored by scholars since 2001. The research on “Interaction of Exosomes and Extracellular Vesicles with Oxidative Stress” is 30–40 years behind the research on “exosomes and extracellular vesicles” and “oxidative stress”, which indicates that it is extremely difficult to determine the interaction of each research direction. This suggests that it is extremely difficult to identify interactions between different research directions and that it is important to conduct bibliometric studies in each research area. Bibliometrics can visualize the development hotspots and exploration history of different research fields, which can enable scholars to find the intersection of different research fields or the future development trend of each research direction in the same field and the breakthrough point of interaction research.
4.2 Status of global research
This paper is the first bibliometric analysis of “Extracellular Vesicles in the Treatment of Oxidative Stress Injury” and explores the research hotspots and development trends based on the data information. From the frequency of articles published year by year, there are an increasing number of publications in this research field, which indicates that this research direction is receiving increasing attention and has broad development prospects. From the perspective of global research trends, the United States is the core country in this field of research, with an early start of research, a large number of publications, the most highly cited essences, and a large impact of the research content, which is a leading position in the world. Among the top five countries in the number of publications, China is the only developing country, with the largest number of articles on “Extracellular Vesicles in the Treatment of Oxidative Stress Injury” and the second highest number of citations after the United States, which indicates that China is steadily advancing in this field and seeking new breakthroughs with other countries in the world. Based on the institutional analysis of CiteSpace and WoSCC, Shanghai Jiao Tong University is the research institution with the largest number of publications. Kaohsing Chang Gung Men Hosp has the widest influence, and there are different degrees of cooperation among various institutions. The collaborative network represents the most active and representative research team in the world, which can provide scientific and technical support for other scholars to carry out related research. Reference for other scholars to conduct related research (Liu et al., 2023).
4.3 Hot topics and frontiers
The keywords of “Extracellular Vesicles in the Treatment of Oxidative Stress Injury” were visualized by CiteSpace and WoSCC, and it was found that the hot words were mainly “Parkinson’s disease”, “extracellular vesicle”, “Alzheimer’s disease”, “angiogenesis”, “proteomics”, “vesicle”, “vesicle”, “vesicle”, “vesicle”, “vesicle”, “vesicle”, “vesicle”, and “vesicle”, “proteomics”, “mitochondria”, “stem cells”, “miRNA”, “mitochondria”, “mitochondria”, and “mitochondria”. miRNA”, “microvesicles”, “apoptosis”, “mesenchymal stem cells”, “inflammation”, “exosome”, and “oxidative stress”. In addition to the hot words, we also analyzed the highly triggered keywords between different years by CiteSpace to quickly capture the distribution and evolution of hot words in the research field of “Extracellular Vesicles in the Treatment of Oxidative Stress Injury”. Based on the keyword clustering analysis and the analysis of highly triggered keywords, we conclude that the research on “extracellular vesicles in the treatment of oxidative stress injury” mainly focuses on the following aspects (Figure 8).
[image: Figure 8]FIGURE 8 | We found out four hot spots in exosomes at present by bibliometrics: Upper left corner: miRNA in exosomes; Upper right corner: exosomes are combined with proteomics; Lower left corner: exosomes and autophagy; Lower right corner: exosomes of mesenchymal stem cells.
4.3.1 Mesenchymal stem cell-derived exosomes
MSCs belong to a heterogeneous cell population of stromal cells that proliferate and differentiate in vitro as plastic-apposed cells (Friedenstein et al., 1974). MSCs have been shown to have various biological functions, including interacting with cells in the immune system for immunomodulation, inhibiting tumor necrosis factor (TNF), and upregulating IL-10 (Ding et al., 2015) to reduce inflammation, inhibit respiratory bursts and activate spontaneous apoptosis of neutrophils (Raffaghello et al., 2008). In recent years, most results have shown that MSC-derived exosomes and extracellular vesicles are fruitful in the treatment of oxidative stress injury. MSC-derived exosomes (MSC-Exos) have similar biological functions as MSCs, but MSC-Exos are more stable and less toxic and can largely avoid adverse events such as body-induced immune responses and capillary embolism, so researchers are actively exploring the strategy of MSC-Exos in the treatment of oxidative stress injury (Nojehdehi et al., 2018; Liu et al., 2020).
4.3.2 miRNAs in exosomes
miRNA is currently the most studied substance in exosome content. miRNA contains the genetic material of many parental cells and is also the main source of the therapeutic effects of exosomes. In numerous publications, after exploratory research by scholars from various countries around the world, numerous exosomal miRNAs have been found to have good therapeutic effects on oxidative stress injury; for example, miR125a, miR-181b, miR-22-3p and miR-126 promote the repair of oxidative stress injury in the lungs (Chen et al., 2021; Zhao et al., 2022); miR-182-5p, miR-199a-3p, miR-214 and miR-223 treat oxidative stress injury in the heart (Qin et al., 2018); miR-215-5p, miR-424-5p, miR-31-3p, miR 193b-3p and miR-200b-3p promote the repair of oxidative damage in the nervous system (Luo et al., 2021); hsa-miR-146a-5p, hsa-miR34b-3p, hsa-miR-28-3p, and hsa-miR-412-5p treat oxidative stress injury of the skin due to photoaging (Xiao et al., 2021); and miR-31-5p treats oxidative stress injury of the motor system (Mas-Bargues et al., 2020).
4.3.3 Exosomes and autophagy
Autophagy is an intracellular metabolic self-degradation process in which cytoplasmic proteins and damaged organelles are degraded by lysosomes. Degradation products, such as membrane lipids, proteins, free fatty acids and amino acids, further play important roles in normal cellular metabolism, energy production and cell survival (Wang et al., 2020b). Exosomes are very closely related to molecular signaling levels and intracellular autophagy during biogenesis. Therefore, in recent years, the exploration of exosomes for the treatment of oxidative stress injury through the regulation of cellular autophagy has been extremely hot, and there are certain research results and research bases that are worthy of continued exploration by many scholars.
4.3.4 Proteomics in exosomes
Proteins have important cellular functions, and an increasing number of researchers are focusing their attention on exosomal proteins. To date, more than 1,000 proteins have been identified in exosomes of MSCs(Zhang et al., 2022). As the most direct and effective manifestation of vital functions, exosomal proteins play an important role in all stages of the development of living organisms (Xing et al., 2020). Several studies have reported the proteomic characterization of extracellular vesicles from MSCs. Kim et al. identified 730 proteins in a proteomic analysis of extracellular vesicles from human bone marrow MSCs. Extracellular vesicle proteins contain markers of MSCs as well as signaling molecules regulating the ability of MSCs to self-renew and differentiate (Kim et al., 2012). La Greca et al. used protein histology analysis to identify 560 proteins from pluripotent stem cell-derived extracellular vesicles. Extracellular vesicles shared 37.32% of their proteins with parental cells and were enriched for molecules related to immunity, extracellular matrix and cell adhesion (La Greca et al., 2018). Otero-Ortega et al. investigated the proteomic characterization of adipose-derived MSC-EVs in an experimental animal model of subcortical stroke in rats. Proteomic analysis identified 2,416 proteins, most of which were associated with brain repair functions (Otero-Ortega et al., 2017). In addition to proteomics, genomics, transcriptomics, metabolomics, and lipidomics may be hotspots and directions for future research in the field of “Extracellular Vesicles in the Treatment of Oxidative Stress Injury".
4.4 Advantages and limitations
This study has clear advantages. This bibliometric study is the first to identify and characterize all publications in the Web of Science core set on the study “Extracellular Vesicles in the Treatment of Oxidative Stress Injury”. By analyzing the country distribution, institutional collaboration, author interactions, and keyword clustering, the study summarizes the history and future direction of the research field, allowing scholars to have a clear and preliminary understanding of the basic situation of the field. This study summarizes the research hotspots of EVs in the treatment of oxidative stress-related diseases so that scholars can clearly understand the basic situation of this research field.
Small EVs play an important role in oxidative stress-related diseases. In the study of respiratory diseases, EVs can affect lung epithelial cells by reactive oxidizing substances and proteolytic enzymes released by pulmonary neutrophils and monocytes (Fregonese and Stolk, 2008; Bari et al., 2019; Kim et al., 2019; Li et al., 2019). In addition, EVs can also protect lung epithelial cells by regulating protease/antiprotease balance in pneumonia (Bari et al., 2019). In the circulatory system, there is a great deal of evidence that exosomes have a protective effect in ischemic hearts, which can alleviate myocardial I/R injury, promote cardiac regeneration and angiogenesis and inhibit fibrosis (Chen et al., 2017; Zhang et al., 2023). Extracellular vesicles derived from mesenchymal stem cells have many functions. In terms of antibacterial activity, MSC-EVs contain 46 proteins involved in Gram-negative bacterial reactions, which means that MSC-EVs have strong antibacterial activity (Bari et al., 2019). For example, MSC-EVs promote the phagocytosis and antimicrobial activity of pulmonary neutrophils and monocytes by promoting the synthesis of leukotriene B4 (LTB4) (Hao et al., 2019). LTB4 is a leukocyte activator that enhances phagocytosis and promotes the release of antimicrobial drugs that contribute to bacterial clearance (Mancuso et al., 2010). MRP1 inhibition induced by MSC-EVs results in increased release of LTB4 from alveolar macrophages due to its antibacterial activity, bacterial clearance rate and severity of bacterial pneumonia (Hao et al., 2019).
In the classification of medium-sized EVs, microvesicles belong to one of the more important and hot research topics. Microvesicles are intercellular communication carriers and potential disease biomarkers, and their inclusions provide potential markers for a variety of diseases, which is one of the popular directions of liquid biopsy, especially EV miRNAs, which is currently the focus of scholars’ exploration. Through literature dosage analysis, miRNA expression profiles, miRNA-related drugs, miRNA regulatory pathways, and miRNA function of these miRNAs in microvesicles are promising and worth exploring.
The number of large EVs is small, and their apoptotic bodies are closely associated with the development of oxidative stress in various systemic diseases. The relationship between oxidative stress and apoptosis is interactive. Oxidative stress can induce apoptosis through multiple pathways.
This study also has some weaknesses. Although we used the WoSCC for the bibliometric analysis, there are other public and commercial bibliometric databases, and none of the bibliometric databases are considered superior, with citation data varying widely in each database (Hirsch, 2005). For the analysis of cited articles, the biggest limitation of our study is the inherentization of citation analysis, which is based on the absolute number of citations an article receives. The number of citations is a proxy for impact, but there are many factors that influence citation rates (Brandt et al., 2010; Mishra et al., 2018). For example, this strategy may favor older articles. Journal and author self-citation, incomplete citations, and omission bias can also significantly affect citation rates (Brandt et al., 2019).
5 CONCLUSION
To the best of our knowledge, this study is the first bibliometric analysis of “Extracellular Vesicles in the Treatment of Oxidative Stress Injury” using visualization software and data information mining to obtain the current hotspots and trends in this field and to provide a theoretical basis for its scientific research. The future research hotspots in this field may be “microRNA”, “autophagy”, “histology” and “therapy”. “Relevant researchers can use the results of this study to improve their knowledge and understanding of this field and encourage them to explore further.
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