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Abstract

Over the past seven decades, the use of microplastics (MPs) has become widespread due to their low
cost, accessibility, and ease of transport. Several studies have indicated that exposure to these
particles, through inhalation, ingestion, or dermal contact, can facilitate their entry into various types
of human cells. MPs have been detected in blood, feces, placenta, and other tissues, generating
increasing interest in understanding their potential presence and effects in the human brain,
particularly in neuroglial cells. In the current context, where neurodegenerative diseases affect a
significant proportion of the global population, a comprehensive review of the available literature on
MPs was conducted using in vivo animal models and in vitro cell cultures to analyze their effects on
glial cells. The search was performed in PubMed, Web of Science, and Scopus databases using the
terms “microplastics” and “neuroglia,” identifying 18 relevant studies. The findings suggest that the
entry of MPs into the nervous system occurs primarily in the form of nanoplastics (NPs), which
activate microglia and induce the release of inflammatory cytokines, such as tumor necrosis factor-
alpha (TNF-a). This inflammatory response triggers neuronal dysfunction and disrupt cerebral
homeostasis, potentially contributing to the development of neurodegenerative diseases, including
Alzheimer’s disease, Parkinson’s disease, and multiple sclerosis. Further research into the
pathogenesis of MPs in neuroglia is essential to protect neural function, develop therapeutic
strategies, and ultimately improve individuals’” quality of life.
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1. Introduction: Microplastics as Disruptive Structures of Biological Systems

Microplastics (MPs), consisting of plastic particles, fibers, and films with a diameter of less than
5 mm, can persist in the environment for extended periods [1]. Humans can be exposed to them
through inhalation of airborne particles, ingestion of contaminated food and water via the food chain
[2], or dermal contact [3].

In vitro studies on the effects of MPs in mammals have demonstrated their potential to induce
cytotoxic, inflammation, genotoxicity, oxidative stress, embryotoxicity, hepatotoxicity, neurotoxicity,
nephrotoxicity, and carcinogenicity. Similarly, in vivo studies in rodents have confirmed the
bioaccumulation of MPs in various organs, including the liver, spleen, kidney, brain, lungs, and
intestines, which is associated with reproductive toxicity and transgenerational effects [4].

MPs have also been detected in various human fluids and tissues, including feces [2], urine [5],
sputum [6], blood [7], thrombi [8], placenta [9], lung tissue [10], intestines [11], and liver [12]. Raman
spectroscopy was the primary detection method used in most of these studies. The evidence suggests
that MPs may enter the body through translocation mechanisms that are not yet fully understood
[13]. While some particles may be eliminated through biological processes, a fraction can persist in

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202510.2436.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 31 October 2025 d0i:10.20944/preprints202510.2436.v1

2 of 11

organs for extended periods, triggering the release of inflammatory cytokine. Additionally,
compromised immunological and systemic conditions may contribute to the increased accumulation
of MPs in specific tissues [12].

Tissues that function as physiological barriers to specialized organs can also be compromised,
allowing MPs to cross. This has been demonstrated in studies showing MPs deposits traversing the
hematotesticular [14], intestinal, alveolo-capillary [3], and placental barriers [13]. In the central
nervous system (CNS), the blood-brain barrier (BBB) is a complex structure that plays a crucial role
in maintaining neuronal homeostasis by selectively regulating molecular permeability. When this
function is disrupted, cellular infiltration occurs, accompanied by aberrant molecular signaling and
impaired clearance [15].

The fragmentation of MPs into nanoplastics (NPs), defined as particles smaller than 1 pm [16],
raises particular concern due to their potential harm to biological systems. Studies suggest that NPs
originating from cosmetic products, when ingested orally at sizes smaller than 100 nm, can reach the
brain and induce neurotoxicity [17]. This phenomenon has been observed in both aquatic and
mammalian model organisms [18]. Although there are no reports confirming the presence of MPs or
NPs in the human brain, studies in terrestrial animals indicate that these particles can accumulate in
brain structures and interact with microglial cells, a key component of neuroglia [19].

Neuroglia comprises the non-neuronal cell types of the central, peripheral, enteric, and
autonomic nervous systems, accounting for nearly half of the total volume of the human brain.
Although their proportion varies across brain regions, individuals, and animal species, neuroglia
plays critical roles in regulating ionic, neurotransmitter, and metabolite concentrations, defending
against microbial agents and cellular debris, and producing myelin. These functions are essential for
preventing neuropathological conditions [20]. Glial cells are categorized into astrocytes, microglia,
oligodendrocytes (OLs), and oligodendrocyte precursor cells (OPCs), each with specialized functions
that collectively sustain synaptic integrity in the brain [21].

This review examines the effects of MPs on neuroglia, cells with complex and essential functions,
synthesizing findings from 18 studies that used both in vitro and in vivo experimental models.
Understanding the interactions between MPs and neuroglial cells is crucial to elucidate their potential
role as emerging environmental neurotoxicants that can disrupt neural homeostasis and contribute
to the onset of neurodegenerative processes.

2. Microplastics and Neurodegenerative Diseases

Previous studies have reported the impact of exposure to plastics, which have a complex
chemical composition, and to the associated chemical substances [22]. MPs have been shown to
induce oxidative stress, inflammation, and possible epigenetic modifications. Additionally, MPs have
been linked to various health issues, including the onset of hepatic cirrhosis [12], the development of
neurodegenerative diseases [17], infertility due to damage to male and female gonads [23], and
diarrheal diseases [24]. MPs have also been found to exert both promoting and suppressive effects on
cancer cells [25] and have been associated with endothelial injury in the context of cerebrovascular
accidents [26]. This review focuses on the impact of MPs on neuroglia.

In the CNS, MPs may disrupt neuronal functions [18], altering the interactions among different
types of glial cells. These alterations include impaired glia-neuron metabolic coupling,
neuroinflammation, and protein aggregation, which contribute to the development of
neurodegenerative diseases characterized by progressive loss of neuronal structure and function [27].

In Alzheimer's disease [28], pyroptosis has been observed in BV2 microglial cell lines, which
express nuclear oncogenes v-myc, cytoplasmic oncogenes v-raf, and the surface antigen env gp70.
Similarly, pyroptosis has been detected in the adherent, tumorigenic RAW264.7 cell line [28], a model
used to investigate the activation of MAPK/NF-kB signaling pathways in macrophages. This
activation leads to the overexpression of interleukin-6 (IL-6) and tumor necrosis factor-alpha (TNF-
a), providing further insight into immune dysfunction mechanisms [29], particularly after GSDMD
gene silencing [28].
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Other neurodegenerative diseases, such as Parkinson's disease and amyotrophic lateral sclerosis,
are also associated with neuroinflammatory processes regulated by microglia and astrocytes. Studies
have shown that the activation of these cells can be neurotoxic (M1 microglia and Al astrocytes) or
neuroprotective (M2 microglia and A2 astrocytes), depending on the surrounding environment and
the stimulus involved [30]. MPs, particularly polystyrene NPs, are among the factors capable of
inducing such activation. In a study, oral administration of these materials at doses ranging from 0.5
to 50 mg/kg of body weight for seven days significantly increased blood-brain barrier (BBB)
permeability and promoted dose-dependent accumulation in the brains of mice. This led to microglial
activation and neuronal damage. In the same study, in vitro experiments with immortalized human
cerebral microvascular endothelial cells (hCMEC/D3) showed that MPs internalized into cells,
induced reactive oxygen species (ROS) production, activated nuclear factor kappa B (NF-kB),
triggered TNF-a secretion, and caused necroptosis of hCMEC/D3 cells. Additionally, these particles
disrupted tight junctions by decreasing occludin expression and activating murine BV2 microglial
cells [31].

Microglia require functional balance to maintain homeostasis. Studies have demonstrated that
polystyrene microplastics (PS-MPs) deposited in microglial cells of mouse brains after oral
administration of three types of fluorescent PS-MPs (0.2, 2, and 10 pm) cause morphological changes,
immune alterations, and microglial apoptosis induced by phagocytosis of the 0.2- and 2-pm particles.
Similar alterations were observed in the expression of microglial differentiation markers, NF-«xB
activation, increased pro-inflammatory cytokines, and apoptotic markers in both human microglial
cells treated with PS-MPs and mouse brain tissue. These findings suggest that smaller PS-MPs pose
a significant risk by promoting microglial immune activation and apoptosis in murine and human
brains [19]. Microglial apoptosis plays a crucial role in responding to injury, infection, and cellular
debris clearance, as well as maintaining homeostasis. Its susceptibility appears to be influenced by
factors such as sex, developmental stage, and local microenvironment, which should be considered
in future research approaches [32].

Neurodegenerative diseases associated with cognitive decline may be triggered or exacerbated
by environmental factors, including exposure to NPs, which can induce excessive microglial
activation and a neuroinflammatory response. These alterations may vary depending on particle
morphology, chronic exposure, particle size, and the combination of various microplastic types and
exposure routes [17]. A study in male mice, in which synthesized NPs were administered at doses of
10 and 20 mg/kg/day for seven weeks, found that the particles, once internalized, activated microglia,
and triggered inflammatory responses, ultimately leading to hippocampal dysfunction [17].

3. Possible Mechanisms Involved in the Development of Neurodegenerative
Diseases Induced by Microplastics

Previous studies have identified mechanisms involved in the development of diseases
potentially caused by exposure to MPs and NPs (Table 1).

Table 1. Most common microplastics and Mechanisms involved in disease.

Country Microplastics type Mechanisms involved Disease

Microglial ~activation, memory Alzheimer's,

Korea [17] Polystyrene nanoplastics . .
impairment Parkinson's
Polust Mi tial oh tosis. | Alzheimer's,
olystyrene icroglia agocytosis, immune
Korea [19] .y Y ) g phagosy Multiple
microplastics alteration .
Sclerosis
Polystyrene Microglial roptosis, cognitive
China [28] _y Y i . .g pyrop & Alzheimer's
microplastics impairment
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China [31]

Korea [33]

Ttaly [34]

China [35]

Egypt [36]

Portugal [37]

Korea [38]

China [39]

China [40]

China [41]

China [42]

Spain [43]

Poland [44]

Korea [45]

Polystyrene nanoplastics

Polystyrene nanoplastics

Polystyrene nanoplastics

Polystyrene nanoplastics

Polyethylene

microplastics

Nanoplastics

Polystyrene

microplastics

Nanoplastics

Polystyrene nanoplastics

Polystyrene

microplastics

Nanoplastics

Polystyrene nanoplastics

Polystyrene

nanoparticles

Microplastics

Blood-brain barrier penetration,

microglial activation

Neurotoxic potential, damage to

primary brain cells

Neurotoxicity in marine
invertebrates
Neurotoxicity, abnormal

expression of developmental
genes neurogenin 1, glial fibrillary
acidic protein
Neurotoxicity  alleviated by
Lycopene, Citric Acid, Chlorella

TLR4/p38-mediated

inflammatory response

pro-

Proteome-level changes in brain

JNK/HO-1/FTH1 signaling
pathway, inflammation,
ferroptosis

Bioaccumulation in fetal rat brain,

myelin development damage

Lung-brain axis activation,

microglial activation

Effects on the formation of
hippocampal

synapses

Internalization and toxicity on
immortalized human neural stem

cells

Cellular depot in astrocytes

death

cerebral ischemia

Neuronal after global
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Alzheimer's,

Parkinson's

Alzheimer's,

Parkinson's

Gene

Damage

Neuronal
apoptosis and
behavioral
abnormalities

in larvae

Alzheimer's,

Parkinson's

Alzheimer's,
Multiple

Sclerosis

Alzheimer's

Alzheimer's,

Parkinson's

Alzheimer's,
Parkinson's
Alzheimer's,
Cognitive
dysfunction
Anxiolytic-
like behaviors
and

decreased
spatial

memory

Alzheimer's

Alzheimer's,
Parkinson's,
ALS

Alzheimer's
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Gut-brain axis to exacerbate
China [46] Polystyrene nanoplastics . Parkinson's
Parkinson's pathology

ALS: amyotrophic Lateral Sclerosis, FTH1: Ferritin Heavy Chain 1, HO-1: Heme Oxygenase 1, JNK: c-Jun N-
terminal Kinase, TLR4: Toll-like Receptor 4.

A growing body of experimental evidence links exposure to MPs and NPs with several
neurodegenerative diseases through distinct but overlapping mechanisms of neurotoxicity.

Research has shown that MPs and NPs can trigger Alzheimer's-like pathology through various
mechanisms. Studies have found that polystyrene nanoplastics (PS-NPs) can induce microglial
activation and memory impairment, mimicking the pathology of Alzheimer's and Parkinson's
diseases [17]. In contrast, PS-MPs have been shown to trigger microglial phagocytosis and immune
dysregulation, contributing to the development of Alzheimer's disease and multiple sclerosis [19].
Furthermore, exposure to PS-MPs has been linked to microglial pyroptosis and cognitive decline,
hallmark features of Alzheimer's disease [28]. Other research has demonstrated that PS-NPs can
penetrate the BBB, activate microglia, and promote Alzheimer's and Parkinson's-related changes [31].
Additionally, studies have revealed that NPs exposure can lead to proteomic changes in brain tissue
[38], activation of the JNK/HO-1/FTH1 signaling pathway and associated inflammation and
ferroptosis [39], and accumulation of NPs in fetal rat brains, resulting in myelin damage [40].
Moreover, the accumulation of MPS after cerebral ischemia has been shown to cause neuronal death,
suggesting a potential degenerative mechanism linked to Alzheimer's disease [45].

Similar pathophysiological mechanisms have been implicated in Parkinson's disease models.
Research has shown that NPS exposure can activate the JNK/HO-1/FTH1 signaling pathway, leading
to ferroptosis and neuroinflammation [39]. A recent study found that PS-NPs can exacerbate
dopaminergic neurodegeneration through the gut-brain axis, worsening Parkinson's pathology [46].
Furthermore, studies have consistently reported microglial activation, synaptic dysfunction, and
oxidative stress in Parkinson's disease models, resulting in neuronal damage [17,31,33].

Evidence suggests that microglial and astrocytic activation are key targets of MPs toxicity.
Studies have linked polystyrene microplastics to immune dysregulation and glial activation [19],
while research on NPs has shown that they can activate a TLR4/p38-mediated proinflammatory
pathway, leading to demyelination and glial overactivation, similar to the pathology observed in
multiple sclerosis [37].

Additional studies have identified broader, or early-stage neurotoxic mechanisms associated
with MPs exposure. Research has shown that PS-NPs can cause neurotoxicity and genetic damage in
marine invertebrates [34]. Furthermore, exposure to MPs has been linked to abnormal expression of
neurodevelopmental genes and neuronal apoptosis in larvae, indicating developmental
neurotoxicity [35]. Another study found that polyethylene MPs can cause neurotoxicity, but
supplementation with Lycopene, Citric Acid, and Chlorella significantly mitigated these effects [36].

Microplastic exposure has been linked to a range of neurotoxic effects and underlying
mechanisms. Recent findings include activation of the lung-brain axis and microglial reactivity as
mechanisms of cognitive dysfunction [41]. Additionally, NPs have been shown to disrupt
hippocampal synaptogenesis, leading to anxiolytic-like behavior and spatial memory loss [42]. PS-
NPs have also been found to be internalized by human neural stem cells, causing cytotoxicity [43].
Another study revealed that polystyrene nanoparticles accumulate in astrocytes, implicating them in
neurodegenerative diseases such as Alzheimer's, Parkinson's, and amyotrophic lateral sclerosis (ALS)
[44].

These eighteen studies collectively reveal that MPS, and NPs induce a range of neurotoxic
effects, including microglial activation, oxidative stress, neuroinflammation, ferroptosis, and
synaptic dysfunction, which converge to contribute to the pathogenesis of various neurodegenerative
diseases, including Alzheimer's, Parkinson's disease, multiple sclerosis, ALS, and related
neurological disorders.
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Figure 1. Proposed mechanisms by which microplastics damage neuroglia.

4. Conclusion and Future Perspectives

The cumulative evidence shows that MPs, and NPs are biologically active pollutants that can
cause significant neurotoxic effects. Upon internalization, these particles can cross physiological
barriers, including the blood-brain barrier, triggering microglial activation, oxidative stress,
mitochondrial dysfunction, and the release of pro-inflammatory mediators. These mechanisms
collectively lead to neuronal apoptosis, synaptic alterations, and impaired neuroglial communication,
processes that are characteristic of major neurodegenerative diseases, such as Alzheimer's disease,
Parkinson's disease, multiple sclerosis, and amyotrophic lateral sclerosis. The overlap of these
molecular pathways suggests that chronic exposure to MPs and NPs may be a previously
underappreciated environmental factor contributing to neurodegeneration.
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Despite consistent findings in in vitro and in vivo experimental models, significant knowledge
gaps remain regarding microplastic accumulation and their long-term neurobiological consequences
in humans. Although MPs have been confirmed in various human tissues and fluids, their direct
detection in the human brain has not yet been achieved. Furthermore, the impact of particle size,
morphology, surface chemistry, and exposure duration on neurotoxic potential remains poorly
characterized. The interaction between MPs and co-occurring environmental toxicants, such as heavy
metals and endocrine disruptors, may further exacerbate their adverse effects through synergistic
mechanisms that are not yet fully understood.

Future research should focus on elucidating the molecular mechanisms by which MPs and NPs
interact with neural and glial cells, utilizing advanced imaging, omics technologies, and single-cell
analysis. Longitudinal and epidemiological studies are needed to evaluate behavioral and cognitive
outcomes following chronic low-dose exposure, reflecting realistic environmental scenarios.
Additionally, the development of improved detection methods, such as Raman spectroscopy,
pyrolysis-GC/MS, and hyperspectral imaging, will be essential for identifying and quantifying MPs
in neural tissues. Preventive strategies should also include the promotion of biodegradable materials,
stricter environmental regulations, and therapeutic interventions aimed at mitigating oxidative and
inflammatory damage.

Microplastics represent an emerging class of environmental neurotoxicants capable of
disrupting neural homeostasis and triggering molecular events characteristic of neurodegenerative
processes. Their pervasive presence in the environment, combined with the growing evidence of their
systemic effects, underscores an urgent need for interdisciplinary research integrating neuroscience,
toxicology, and environmental health. Understanding the neurobiological impact of microplastic
exposure will be critical to redefining environmental determinants of neurodegenerative disease and
guiding future public health and environmental protection strategies.
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Abbreviations

The following abbreviations are used in this manuscript:

Al Neurotoxic astrocyte phenotype

A2 Neuroprotective astrocyte phenotype

AD Alzheimer’s disease

ALS Amyotrophic Lateral Sclerosis

BBB Blood Brain Barrier

BV2 Murine microglial cell line (Balc/c-derived immortalized microglia)
CNS Central Nervous System

FTH1 Ferritin Heavy Chain 1

GFAP Glial Fibrillary Acidic Protein

GSDMD Gasdermin D
hCMEC/D3 Human Cerebral Microvascular Endothelial Cells (immortalized line)

HO-1 Heme Oxygenase 1

IL-6 Interleukin-6

JNK c-Jun N-terminal Kinase

M1 Proinflammatory microglial phenotype
M2 Antiinflammatory microglial phenotype
MAPK Mitogen activated protein kinase
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MPs Microplastics

MS Multiple Sclerosis

NF-kB Nuclear Factor kappa B

NPs Nanoplastics

OCs/T]s Tight junctions

OLs Oligodendrocytes

OPCs Oligodendrocyte Precursor Cells
PD Parkinson’s disease

PS-MPs Polystyrene Microplastics
RAW264.7 Murine macrophage cell line
ROS Reactive Oxygen Species
TLR4 Toll-like Receptor 4

TNF-a Tumor Necrosis Factor Alpha
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