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Objective: The effect of microplastics (MPs) on the respiratory disease is
extremely significant. Targeted intervention can be aided by recognizing the
pathophysiology of microplastics in respiratory diseases. This research attempts
to identify major trends in literatures and highlight key research based on
bibliometric analysis to figure out present research areas and potential future
research directions.

Methods: Relevant academic works from 2020 to 2024 were downloaded
from the Web of Science Core Collection (WoSCC). Subsequent examination of
these records was performed utilizing multiple analytical tools: The R statistical
package (version 4.3.2), CiteSpace software, the online analysis platform of
Literature Metrology and the online interface of bibliometrix.!

Results: A total of 78 qualified records were identified and included in the
analysis. China has the highest number of publications. The most referenced
journal was Science of the Total Environment. Chinese Academy of Sciences
was the institution with the highest publication number. Toxicity, ingestion,
accumulation, metabolism, gene, oxidative stress, inflammation and cell death
were among the 25 most relevant terms.

Conclusion: Research on the processes of MPs in the respiratory disease has
advanced rapidly during the past 5 years. Human exposure (toxicity, ingestion,
accumulation and metabolism), gene, oxidative stress, inflammation and cell
death are the five main research area. In the following stage, deep studies
on the connection of various mechanisms will be conducted, and efforts are
expected to minimize the level of MPs in the human body, thus reducing the
risk to humans.
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Introduction

The latest Global Burden of Disease Study suggested that in
2017, 544.9 million people globally had chronic respiratory
diseases, a 39.8% increase from 1990 (1). With rapid economic
growth and fast-paced life, humans are exposed to various sorts of
microplastics (MPs), including plastic bottles, take-out food
containers, clothes, etc. (2-4). MPs are pieces of plastic with a
diameter of 5 mm or less, mainly including: polyethylene (PE),
polypropylene (PP), polystyrene (PS) and polyvinyl chloride
(PVC) (5-7). MPs have hazardous effects on respiratory system.
Inhaling plastic particles increases the probability of getting
respiratory disease, such as asthma, bronchitis, emphysema,
fibrosis and so on (8-11). Notably, exposure risks exhibit
geographical variations as the concentration of MPs in the air
shows significant spatial differences. There is a gradual decrease in
concentration levels transitioning from urban to rural to wildland
sites (12). Moreover, populations in manufacturing zones may face
increased health risks as a result of occupational exposure (13).
Therefore, it is critical to elucidate the pathogenic mechanisms of
MPs in the respiratory system for precise disease intervention.

Studies on the role of MPs in respiratory disease have been
published by numerous authors worldwide. Thus, to assist researchers

10.3389/fmed.2025.1586772

in studying the extensive literature related to this topic, promptly
understand the general trend of this research, and carry out further
studies in this domain, it is essential to collect information from
relevant publications.

Bibliometric analysis is an approach of providing insight into
the development tendency, research hotspots, and academic
influence of a specific subject area through utilizing statistics and
analyzing publication and citation data from scientific literature
(14-16). And it has been frequently applied for reviewing vast
amounts of various literature in the field of medicine (17-19). To
undertake this study, as shown in Figure 1, CiteSpace (20, 21) was
applied to recognize and visualize the data from the Web of
Science Core Collection (WoSCC) from various perspectives, such
as nations, institutions, co-cited authors, and co-cited references.
Furthermore, trending topics and research hotspots were
determined by using the “bibliometrix “R package and
“biblioshiny” (22).

Currently, bibliometric analysis has not been applied to articles
about the mechanisms of MPs in respiratory disease. In this work,
we aimed to systematically review the latest research advancements in
MPs related to the mechanisms of respiratory diseases, further
synthesize the critical findings within this domain, and elucidate
potential directions for future investigations.

The search strategy: TS = (“microplastic” or “microplastics” or “micro-
plastic” or “micro-plastics” or “micro-sized plastic” or “micro-sized
plastics” or “micro-nano plastic” or “nanoplastic” or “nano-plastic” or
“nano-sized plastic” or “nano-sized plastics”) AND TS = (‘respiratory”
or “lung” or “pulmonary) AND ALL = ("mechanism"® or "mechanisms" or
“pathogenesis’) NOT AB = ("systematic reviews" or “meta-analyses")
NOT Tl = ("guideline” or “recommendation” or “consensus' or “case
report’or “meta" or “review”).

/

2024

Records identified from:the Web of
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Last search date on November 27,
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FIGURE 1
Database retrieval and data analysis process.
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Materials and methods
Data sources and search strategies

To ensure the academic quality and integrity of the research,
we searched pertinent articles in the Social Sciences Citation Index
(SSCI) and the Web of Science Core Collection (WoSCC) Science
Citation Index Expanded (SCI-Expanded). The following search
strategy was used: TS = (“microplastic” or “microplastics” or “micro-
plastic” or “micro-plastics” or “micro-sized plastic” or “micro-sized
plastics” or “micro-nano plastic” or “nanoplastic” or “nano-plastic” or
“nano-sized plastic” or “nano-sized plastics”) AND TS = (“respiratory”
AND ALL = (“mechanism” or
“mechanisms” or “pathogenesis”) NOT AB = (“systematic reviews” or

«@  » « »
or “lung” or “pulmonary”)

“meta-analyses”) NOT TI = (“guideline” or “recommendation” or
“consensus” or “case report” or “meta” or “review”). Document Type
was set to include “Articles” only from inception to the present (last
search date on November 27, 2024).

Data analysis and data visualization

All records indexed from WoSCC were saved to tab-delimited file
and Bibtex format for “Full-text Records and References.” Following
the initial data search, each article was evaluated independently by two
researchers (ZD and XY) to guarantee that it was relevant to the
study’s topic. Then, all the data were transferred into Bibliometrics’
Online Analysis Platform,” where the “National total” option was
applied to analyze the quantity of publications in each country and the
“Total volume” option was applied to analyze the trends in publications
over these years. Additionally, using the recorded TXT format data,
the Bibliometrix package in R (Version 4.3.2) and a web interface for
Bibliometrix called “biblioshiny” were used to determine the most
often referenced documents as well as the most common word and
trend topics. After importing the TXT format files into CiteSpace
program, we set the following parameters: the time span (2020-2024),
years per slice (1), links (strength: cosine, scope: within slices),
selection criteria (g-index: k =25, Top N =50, Top N% = 10%,
maximum number of selected items per slice = 100), and the default
settings for each other parameter were maintained.

Quality control of bibliometric analysis

In our research, we took the following quality control measures:
1. Data cleaning: We processed the data, removed redundant and
erroneous data, and ensured that all data was in a consistent format to
improve the accuracy of the analysis. 2. Tool calibration: We used
multiple analysis tools and calibrated the output results by comparing
and data
representativeness: When selecting literature data, we ensured that

them with existing standards sets. 3. Sample

sufficient sample time periods were included to maintain the
representativeness of the results. 4. Result verification: Our results
have been cross-verified, multiple independent analysis to ensure

2 http://bibliometric.com
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reliability. In addition, we invited experts in the field to review our
results to ensure their validity. 5. Transparency: We have documented
the methodological process in detail so that future researchers can
repeat our analysis.

Results
Analysis of annual growth trend

In total, we incorporated 78 articles which were eligible for
inclusion. Then we imported these data on the Bibliometrics Online
Analysis Platform (see text footnote 2). These 78 articles were
organized in descending order based on their citation counts when
analyzing the Most Local Cited Documents. We observed that
beginning with the ninth article “Microplastic consumption and
physiological response in Acartia clausi and Centropages typicus:
Possible roles of feeding mechanisms,” the citation count for each
subsequent article was consistently one. Consequently, in the final
discussion section, we limited in review our analysis to the top 8 most
locally cited articles to synthesize the primary research contents and
identify key trends in recent years (Figure 1). The number of articles
published per year were illustrated on Figure 2, which continued to
grow steadily. In 2020, there were only 5 published papers. However,
the number of articles reached more than 20 since 2023. It is obvious
to see that the impact of MPs on respiratory disease is receiving
great attention.

Country analysis

Publications from different countries conducting research in this
field from 2020 to 2024 were further analyzed. If an article involves
contributions from authors across multiple countries, it may lead to
duplicate counting. For instance, the number of publications in 2023
exceeded 22. In Figure 3A, the top 10 countries were showed on a bar
chart. These articles were scattered in Brazil, Canada, India, Malaysia,
Germany, Italy, South Korea, Japan, the United States and China.
China ranked first in terms of the number of publications, which also
had the most citation (n = 1938). In addition, it is worth noting that
although Indonesia is not one of the top 10 countries, the citation of
it was 179, which placed second to China. This suggests that it receives
great recognition for its article as well. Then, a cooperation network
based on the cross-country links was constructed through CiteSpace
program. There were 52 connections between 29 countries that have
formed partnerships. Among these, China was the country that had
established the most cooperative relationships, with a total of 12
countries involved in these partnerships. Thus, Figure 3B specifically
illustrated the collaborative network of China alone.

Journal analysis

All of these 78 articles appeared in 38 distinct journals from 2020
to 2024. The bibliometric online analysis was used to assess the impact
of the journals. The 10 most referenced journals were enumerated on
Table 1. Five of the publishers were located in United Kingdom, three
in the United States and two in Netherlands. Journal of Hazardous
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beginning to November 2024.

The number of annual publications on the research progress on the mechanism of microplastics in respiratory system and the growth trend from the

Materials was recognized as a pioneer in the domain with impact
factor (IF) of 12.2. And Science of the Total Environment had the
highest citations (424) with an IF of 8.2.

Institution analysis

We analyzed the number of publications and how effectively they
cooperated through Citespace. Totally, 110 nodes and 130 linkages
were identified after assessment of collaborations between different
institutions. And the top 5 most productive institutions were shown
on Figure 4, which were located in China. Chinese Academy of
Sciences was the most productive (article number =7) and it
collaborates with the most organizations (15). City University of Hong
Kong was the second most productive institution. China
Pharmaceutical University, Nanjing Medical University and The Hong
Kong Polytechnic University had three articles respectively. Notably,
The Hong Kong Polytechnic University has established relationships
with 13 institutions, second only to Chinese Academy of Sciences.
We look forward to more transnational collaborations between
institutions in the future, prompting further research on mechanism
of MPs in disease.

Clustered network in co-analysis

A cluster network analysis was performed to study the co-cited
papers in more detail. The 78 articles were classified into several
groups in accordance with the logical outcome of the homogeneity
analysis, which indicates that two publications are more likely to
be alike if they possess a considerable number of references. After the
“Show the Largest K Clusters” node (K =25) was selected, 10
noteworthy clusters were identified from 150 keywords. Including #0
polystyrene microplastics, #1 microplastics, #2 inflammation, #3
health risk, #4 plastic particles, #5 human health risks, #6 adverse
outcome pathway, #7 centropages typicus (Figure 5A). In addition,
we drew a timeline to display highly-discussed studies and the citation
tree rings of various sizes (Figure 5B).
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Oxidative stress and human exposure have been key concerns in
the research regarding the mechanism of MPs in respiratory disease
since 2020. And from 2021, the role of different size of MPs particles
have been gradually gaining attention. Furthermore, since 2022,
researchers have increasingly directed their attention toward cellular-
level studies, including endoplasmic reticulum stress, autophagy and
so on. By 2023, cell death has become a research hotpot. In addition,
NIPR3 inflammasome was proposed firstly in 2024. And polyvinyl
chloride, a type of MPs predominantly utilized in electrical insulation
materials, started to garner attention.

Keywords analysis

Through analyzing the keywords, we can uncover the research
hotspots. After removing search-related terms and general words,

» o«

such as “microplastics;

» o« » o«

icles; . icles”
nanoparticles,” “exposure articles

» «

“mechanisms,” “polystyrene nanoparticles,” the top 10 keywords were
oxidative stress, accumulation, apoptosis, toxicity, cell death, ingestion,
metabolism, autophagy, gene and inflammation (Figure 6A). Then,
we analyzed the trend topics on Bibliometric platform as well to learn
about the research focus. Cell death got attention again in the last

2 years and it had become a hotspot rapidly (Figure 6B).

Discussion

In total, we retrieved 78 research articles on the mechanisms of
MPs in respiratory disease from 2020 to 2024 and presented a visual
citation analysis. And we used three analytical tools to obtain a
comprehensive picture was from different perspectives. Since 2023,
the number of relevant publications began to increase rapidly, which
suggested that the respiratory hazards of MPs had gained great
attention. In addition, a systematic picture of the field during the last
5years has been presented by conducting journal, keyword,
intercountry, and interinstitutional studies.

The contents of the 8 most locally cited pieces, which have been
significant in the field’s evolution, were examined in order to provide
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FIGURE 3
A collaboration to study the number of publications on the mechanism of microplastics in respiratory system in different countries (A) Number and
growth trends in annual publications in the top 10 countries; (B) Inter-country cooperation. Each circle represents a country. The size of the circle is
positively correlated with the number of articles published by the country, and the link between the two circles indicates the cooperation of the two
countries on the same article.

a more profound comprehension of the most frequently cited studies
(Table 2). By synthesizing clustered network and keywords, four
points were summed up: human exposure (toxicity, ingestion,
oxidative stress and

accumulation and metabolism), gene,

inflammation, cell death.

Human exposure (toxicity, ingestion,
accumulation and metabolism)

The earliest article among the 8 articles on pulmonary toxicity was

published in 2000. Dong et al. discovered that in BEAS-2B cells,
polystyrene microplastics (PS-MPs) can induce reactive oxygen

Frontiers in Medicine

species (ROS) generation, which may result in cytotoxic and
inflammatory effects (23). In addition, the discovery of distributions
of MPs particles and macrophages co-labeled within and outside of
bronchioles by Lu et al. proved ingestion of MPs particles by
macrophages (24). Then, in 2022, Zhang et al. studied the effect of the
physicochemical properties of MPs on bioaccumulation (25). Surface
area was demonstrated to play an important role in the interaction of
polystyrene nanoplastics (PS-NPs) with cell membranes. Moreover,
the accumulation of positively charged PS-MPs (NH2-PS-MP) in
lysosomes and the deformation of the nucleus were noticed in
BEAS-2B cells when autophagy was stimulated (26). Studies have
demonstrated that the application of probiotics and other
microorganisms for the degradation of MPs can significantly mitigate
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TABLE 1 The top 10 most referenced journals that published articles on mechanism of microplastics in respiratory disease (sorted by total citation).

Rank Journal title Country Total citations Impact factor (2023)
1 Science of the Total Environment Netherlands 424 8.2
2 Journal of Hazardous Materials Netherlands 291 12.2
3 Environmental Science & Technology United States 282 10.9
4 Environmental Pollution United Kingdom 279 7.6
5 Marine Pollution Bulletin United Kingdom 145 5.3
6 Chemosphere United Kingdom 141 8.1
7 Environment International United Kingdom 117 10.3
8 Ecotoxicology and Environmental Safety United States 81 6.2
9 Scientific Reports United Kingdom 67 3.8
10 Environmental Research United States 62 7.7
ity Univ Hong Kong
(4)
ng Kong Polytech Univ (3)
ese Acad Sci (7)
China Pharmaceut Univ
(3)
Med Univ
(3)

FIGURE 4

Cooperation between institutions. Each circle represents an institution. The size of each circle is not only correlated with the number of publications

by the institution, but also with the extent of collaborative relationships between the institution and others.

the accumulation of MPs within organisms (27). Furthermore, in an
experiment conducted by Halimu et al., it was discovered that PS-NPs
could disrupt the function of mitochondria, which was indicated by
changes in membrane potential and the reduction of cellular energy
metabolism (28).

Gene

During the examination of 8 articles, it was found that 3 of them
centered on gene. According to a study published in 2021, Yang et al.
discovered that in BEAS-2B cells, exposure to PS-NPs modified the
gene expression in concentration-dependent form through microarray
detection. 770 genes in the 7.5 pg/cm’ group and 1951 genes in the
30 pg/cm?’ group were significantly altered compared with the control
group (29). Over the same period, Lu et al. pointed out that MPs
exposure affected gene clusters connected with immune reactivity,
cellular stress reaction, and regulated cell death (24). In a subsequent
study, Halimu et al. found that following PS-NP treatment, the

Frontiers in Medicine

interference with the NADPH oxidase 4 gene notably alleviated the
impairment to oxidative phosphorylation and transmembrane
potential in mitochondria, thereby being capable of inhibiting
epithelial-to-mesenchymal transition in A549 cells (28).

Oxidative stress and inflammation

Among these 8 articles, 6 indicated that oxidative stress and
inflammation were closely associated with respiratory disease
caused by MPs. The earliest article was published in 2020. High
levels of PS-MPs may increase the expression of IL-8 and IL-6,
which lead to oxidative stress and stimulate the immune system.
Dong et al. observed that the accumulation of ROS significantly
rose merely under the PS-MPs concentration of at 1000 pg/cm?. The
formation of massive ROS exceeded the capacity of cellular
antioxidant enzymes, resulting in significant oxidative stress.
Mirroring the ROS trajectory, intensified HO-1 (a ubiquitous stress-
response protein) expression was quantified in BEAS-2B cells under
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high-concentration PS-MP treatment (23). Also, Yang et al. found
that after 24-h exposure, PS-NPs enhanced the production of ROS
and the content of superoxide anion in pulmonary epithelial cells.
following PS-NPs pulmonary cells
demonstrated a dose-responsive decline in the enzymatic activities
of GSH-Px, CAT and SOD, which were also indices of oxidative
stress. Apart from the expression of IL-6, they further observed rise

Moreover, treatment,

of MCP-1 (a kind of proinflammatory mediator) in lung cells.
However, PS-NPs did not significantly affect TNF-«a levels in lung
cells, regardless of concentration. And ICAM-1, a type of cell
adhesion molecule, was enhanced significantly (29). On the base of
that, they proved that the exposure to PS-NPs altered the
components of inflammatory cells in bronchoalveolar lavage fluid.
Macrophages continued to be the predominant cell type in BALF
following PS-NPs exposure regardless of the duration, yet the
percentage of macrophages decreased, accompanied by a accordant
rise in neutrophils and leukomonocyte (30).

Frontiers in Medicine

Furthermore, in 2023, Woo et al. pointed out the ROS production
caused by PP stimulation contributed to the activation of NF-kB
through p38 phosphorylation. The production of ROS and levels of
antioxidase such as catalase, superoxide dismutase (SOD)1, SOD2,
and glutathione peroxidase-1 were markedly elevated in A549 cells
exposed to PP nanoplastic. However, the protein levels of the
endoplasmic reticulum (ER) stress indicators remained unchanged.
Additionally, PP-exposed A549 cells had considerably higher amounts
of NRF2, which may influenced the level of antioxidant proteins that
prevent oxidative damage (31). Subsequently, in a study conducted by
Jeon et al., differently charged PS-MPs were used. NH2-PS-MPs
induced higher ROS generation. And the alterations in ER stress
also measured. Phosphorylated PERK and
phosphorylated IRE1 increased dose-dependently after exposed to
NH2-PS-MPs. Meanwhile, the expression of p-eIF2a and ATF4 were
upregulated (26). More than that, Lu et al. noted that, through nasal
MPs exposure, the levels of eosinophil and lymphocyte in asthmatic

markers were
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mice were higher than those in normal mice treated with saline.
Meanwhile, higher levels of both IgE and IgG1 were detected in this
group (24).

Cell death

In the study conducted by Yang et al, the levels of cleaved-
caspase9 and cleaved-caspase3 were markedly increased in cells

Frontiers in Medicine

treated with PS-NPs, which were apoptosis-related markers. Moreover,
the proportion of BCL2/BAX was notably reduced, indicating that the
anti-apoptotic ability was weakened. In a dose-dependent way, the
amount of LDH produced from the cells treated with PS-NPs
increased greatly. Meanwhile, a dramatic reduction in the level of
proliferating cell nuclear antigen and cyclin D1 was observed, which
were established marker of cell proliferation (29). On this basis, they
further found ferroptosis might be the latent mechanism underlying
the lung injury caused by PS-NPs in 2024. Ferroptosis represents a
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TABLE 2 The top 8 most locally cited papers on mechanism of microplastics in respiratory disease during 2020 to 2024.

Rank Title First Author Local Citation = Global | DOl
Citation

1 Polystyrene microplastic particles: In vitro Dong CD 14 347 10.1016/j. 2020
pulmonary toxicity assessment jhazmat.2019.121575

2 Toxic effects of nanoplastics with different Halimu G 10 85 10.1016/j. 2022
sizes and surface charges on epithelial-to- jhazmat.2022.128485
mesenchymal transition in A549 cells and
the potential toxicological mechanism

3 In vitro evaluation of nanoplastics using Yang S 7 88 10.1016/j.ecoenv.2021.112837 2021
human lung epithelial cells, microarray
analysis and co-culture model

4 Detrimental effects of microplastic exposure = LuK 6 85 10.1016/j. 2021
on normal and asthmatic pulmonary jhazmat.2021.126069
physiology

5 Polypropylene nanoplastic exposure leads to = Woo JH 3 51 10.1186/512989-022-00512-8 2023
lung inflammation through p38-mediated
NF-kB pathway due to mitochondrial
damage

6 Bioaccumulation of differently-sized Zhang YX 2 39 10.1016/j. 2022
polystyrene nanoplastics by human lung and jhazmat.2022.129585
intestine cells

7 Polystyrene microplastic particles induce Jeon MS 2 28 10.1002/tox.23705 2023
autophagic cell death in BEAS-2B human
bronchial epithelial cells

8 Inhalation exposure to polystyrene Yang S 2 5 10.1016/j.envpol. 2024.123633 2024
nanoplastics induces chronic obstructive
pulmonary disease-like lung injury in mice
through multi-dimensional assessment

type of cellular death, and it is often accompanied by mitochondrial
impairment, lipid peroxidation, and iron accumulation (32). The
ferroptosis pathway was activated by PS-NPs in both the high-dose
subacute and subchronic exposure groups. And the expression of
GPX4, NCOA4, and Ferritin in lung tissue declined following
exposure to various doses of PS-NPs (30).

Then, in 2021, Lu et al. pointed out that the existence of MPs
modified protein homeostasis and stress response, which might result
in cell apoptosis. MPs led to the enhanced expression of
transmembrane receptors. Additionally, the genes related to immune
cells, such as IgD and BTLA, were equally up-regulated. This was
related to the suppression of a group of heat shock proteins, such as
HSPAS8, HSP90AA1, DNAJBI and so on, as well as the suppression of
STIP1. The majority of these gene dysregulations are related to
programmed cell death, lymphocyte generation and leucopoiesis (24).
The research carried out by Jeon et al. demonstrated that NH2-PS-MPs
triggered autophagy in BEAS-2B cells through the elevation of p62
and LC-3 expression. The indication of ER stress proteins
demonstrated that NH2-PS-MPs aggravated endoplasmic reticulum
stress via the PERK-EIF2a and ATF4-CHOP pathways (26).

Although there has been great progress in the research on the
mechanism of MPs in respiratory system, the following issues need to
be considered: First, it is vital to study the synergistic or antagonistic
effects of MPs with other air pollutants, microbes, and allergens on the
development of respiratory disease. Second, whether exposure to MPs
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leads to abnormal expression of genes related with respiratory disease
by affecting epigenetic pathways needs further inquiry. Third, it is
essential to expand the research subjects, including children, pregnant
women, the elderly, people with compromised immunity, and people
with occupational exposure. Fourth, multi-omics techniques need to
be applied to discover new biomarkers and potential therapeutic
targets (33). Fifth, effective interventions, such as biologics,
immunomodulation and other approaches ought to be explored to
alleviate lung injury caused by MPs.

The constraints of the present study need to be taken into
consideration. The information was gathered from a single database.
Issues like delayed data updates could lead to deviations in final results.
With the aim of achieving a more profound comprehension of this
research topic, multiple methods will be used in subsequent studies.

Conclusion

Research on the processes of MPs in respiratory disease has
advanced rapidly during the past 5 years. Human exposure (toxicity,
ingestion, accumulation and metabolism), gene, oxidative stress,
inflammation and cell death are the five main research area. MPs could
induce pulmonary toxicity via multifaceted mechanisms. Key pathways
involve ROS-mediated oxidative stress, inflammatory cytokine
activation (e.g., IL-6, IL-8, MCP-1), and mitochondrial dysfunction
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characterized by altered membrane potential and impaired energy
metabolism. The physicochemical properties of MPs (e.g., surface
charge, size) significantly affect cellular interactions, lysosomal
accumulation, and damage to nucleus or organelles. Genomic analyses
indicate that MPs disrupt genes associated with immune responses,
oxidative stress, and cell death, while also triggering apoptosis,
ferroptosis and autophagy-related ER stress. Additionally, MPs alter
immune cell profiles (e.g., increased neutrophils, decreased
macrophages) and elevate levels of allergic mediators. And
interventions such as probiotics or modulation of antioxidant pathways
exhibit potential in reducing MP-induced toxicity. In the future,
various analytical methods should be used to investigate the relevant
mechanisms from different perspectives and propose efficient strategies
to reduce the injury caused by MPs to the human body.
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