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Previous studies have shown that nano- and microplastics (NMPs) exhibit size and volume-dependent neurotoxicity due to their
ability to cross the blood-brain barrier (BBB), where they have been theorized to induce oxidative stress and neuroinflammation,
both of which play a role in neurodegeneration and neurodegenerative disorder development. Antioxidants are currently being
explored as a mitigation strategy, but their protective mechanisms, especially against NMP-induced neurotoxicity, remain poorly
understood. Using a literature review approach, this paper aims to further understand the various mechanisms by which NMPs
might elevate oxidative stress and neuroinflammation, how antioxidants might function to alleviate these factors, and how they
may reduce or protect against NMP-induced neurodegeneration. Overall, NMPs use various mechanisms and pathways to induce
neuroinflammation and oxidative stress, both mutually reinforcing drivers of plastic-induced neural damage. Antioxidants
demonstrate potential to mitigate NMP-induced neurotoxicity by scavenging for free radicals, supporting mitochondrial integrity,
modulating inflammatory signaling, etc. However, direct evidence of antioxidant-plastic interactions in neurodegeneration
remains limited, highlighting the need for targeted future research.
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Introduction

Nano- and microplastics (NMPs) are plastics typically smaller
than 5mm in size and have become a major concern over the
past few years. Specifically, since the COVID-19 pandemic,
the widespread use of gloves and masks has led to an increase
in microplastics, which have further accumulated in various
ecosystems. As a rising issue, the current trend shows that
by 2050, 12 billion tons of microplastics will be present in
the environment. On account of the surge in pollution over re-
cent years, human consumption of these plastics has also risen.
Humans consume these plastics through contact, ingestion,
and most commonly, inhalation1,2. NMPs have also shown
to cross into offspring’s bodies through their mothers3,4. Be-
cause these NMPs can penetrate the BBB and induce neuroin-
flammation and oxidative stress, they have an extremely high
neurotoxic potential5–7. It has also been shown the NMPs can
decline mice’s cognitive ability and induce neuroinflammation
in their hippocampus, causing neural damage and behavioral
changes8,9. It is known that neuroinflammation and oxida-
tive stress are both causes and progressors of neurodegenera-
tion and neurodegenerative diseases such as Alzheimer’s and
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Parkinson’s disease10,11. One proposed solution for allevia-
tion of neurodegeneration is the use of antioxidants against
this neuroinflammation and oxidative stress12. This paper
aims to dive into the mechanisms antioxidants use to improve
blood-brain barrier health to protect the brain from the neu-
rotoxicity and threat of neurodegenerative diseases posed by
nano- and microplastics. Several research gaps exist in the re-
search, including nanoplastics’ exact correlation to neurode-
generation, the exact health effects of NMPs, and the direct
correlation to antioxidants. In acknowledging these research
gaps, this paper aims to synthesize current evidence on the
mechanisms by which NMPs induce neuroinflammation and
oxidative stress and pathways by which antioxidant pathways
mitigate neuroinflammation and oxidative stress to later assess
their ability to mitigate NMP-induced neurodegeneration. As
shown in Figure 1, NMPs trigger a series of neurotoxic pro-
cesses. After crossing the blood-brain barrier, NMPs trigger
the generation of ROS species, leading to oxidative stress and
also simultaneously stimulating neuroinflammation through
microglial activation. Both of these processes reinforce each
other cyclically. A hallmark of all neurodegenerative diseases
is neuroinflammation and oxidative stress.
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Fig. 1 Neurodegeneration caused by NMPs
Created by Author using Biorender Imaging Software

Methods

The literature reviewed in this paper encompasses experimen-
tal, mechanistic, and observational investigations looking into
how neural systems interact with NMPs. Research on neu-
rotoxicity pathways, such as oxidative stress, neuroinflamma-
tion, disruption of the blood-brain barrier, and neuronal dys-
function, as well as studies investigating the modulatory im-
pact of antioxidants in reducing these effects, were prioritized.
The body of literature includes in vitro neuronal models, in
vivo animal studies, and select human studies, which provide
insight into disease relevance and progression. Collectively,
these sources offer a current understanding of both the molec-
ular basis of NMP-induced neurotoxicity and developing neu-
roprotective treatments, allowing for a thorough synthesis of
trends, consistencies, and gaps in the field. Key words such as
neurodegenerative, oxidative stress, nano- and microplastics,
neurotoxicity, neuroinflammation, antioxidants, and blood-
brain barrier were used to ensure that all research papers were
relevant to the topic of the literature review.

Literature for this review was identified utilizing the Google
Scholar database. Searches were restricted to include only
studies published between 2017 and 2024 to ensure relevance
to current research on NMP neurotoxicity. Studies were in-
cluded if they investigated the effects NMPs had on neu-
ral systems, neurodegenerative disease-related pathways, or
antioxidant-mediated mitigation mechanisms, using in vitro,
in vivo, or human-based models. A few studies focusing on
NMP interactions with other biological barriers were also in-
cluded to study the comparison of how NMPs interact with
other barriers versus the BBB. Studies were excluded if they
focused solely on environmental distribution, disregarding bi-
ological assessment, macroplastic exposure, etc. Following ti-

tle and abstract screening and full-text review, approximately
23 peer-reviewed articles were selected for qualitative and
quantitative data.

The information gathered from the literature was organized
through a narrative synthesis approach. Notes were first taken
on each source, and then recurring themes were identified
across studies. Key findings were then cross-checked through
other papers to ensure consistency and reliability, allowing for
the integration of accurate information into the broader dis-
cussion. This process allowed for the development of a co-
herent narrative highlighting areas of agreement within the
field while acknowledging gaps in current research. Some
pre-existing papers giving background information on this
topic include “The impact of microplastics on neurodegen-
erative diseases and underlying molecular mechanisms: A
narrative review.” This paper talks about the direct impact
that nanoplastics have on neurodegenerative diseases and how
they affect them. The paper “Butyl benzyl phthalate as a
key component of phthalate ester about cognitive impairment
in NHANES elderly individuals and experimental mice” dis-
cusses the various components in different types of nano- and
microplastics, which may differently affect neuroinflamma-
tory processes. The paper, “ROS-dependent degeneration of
human neurons induced by environmentally relevant levels of
micro- and nanoplastics of diverse shapes and forms. Ex-
ploring MP inhalation and brain penetration,” discusses var-
ious compositions of nanoplastics that react differently to af-
fect ROS production, which leads to oxidative stress in the
brain, leading to neuroinflammation. The paper, “Polystyrene
(nano)microplastics cause size-dependent neurotoxicity, ox-
idative damage, and other adverse effects in C. C-elegan,”
adds information on the factor of size and how it can in-
fluence neurotoxicity, oxidative damage, and other effects.
The paper, “Antioxidant therapy, oxidative stress, and blood-
brain barrier: The road of dietary antioxidants,” adds infor-
mation on how antioxidants play into neurotoxicity and BBB
health. All papers were qualitatively and quantitatively ana-
lyzed and were referenced for important connections, thematic
summaries, information, data sets, and conclusions.

Results

Nanoplastic Penetration

NMPs enter the human body through various pathways. Those
ways include inhalation, consumption, and contact. The most
common path the nano- and microplastics take is through the
nasal cavity via inhalation, and then coming in contact with
the olfactory bulb of the brain. In recent studies, histologi-
cal examination of the olfactory bulb revealed injury and scar-
ring, providing a proven route of nanoplastic neurotoxicity1.
Not only this, but NMPs can also surpass and penetrate the
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Fig. 2 Prisma Flow Chart Showcasing Workflow

blood-brain barrier, the most selective and relevant of all the
barriers that protect the brain. This penetration creates a cy-
cle by diminishing the integrity of the blood-brain barrier, al-
lowing more harmful substances to penetrate further. A self-
amplifying cycle is created through this progressive disruption
of the BBB, increasing its vulnerability by permitting continu-
ous translocation of NMP particles as well as other neurotoxic
agents12.

Neurotoxicity Posed by Nanoplastics

Vivo models show that while NMP access to neural tissue
is explained through these exposure pathways, the resulting
neurotoxicity is driven by several intercellular and chemical
mechanisms within the brain. Nanoplastics can pose neuro-
toxicity by breaching the BBB in multiple ways. These meth-
ods include the translocation of the BBB through endocyto-
sis, cells engulfing the particle, and indirect transport by act-
ing as carriers for other neurotoxic substances. Not only this,
but inflammatory responses caused by nano- and microplas-
tics also often compromise the integrity of the BBB. Once in-
side the brain, nano- and microplastic particles can accumu-
late in the neural tissues and disrupt synaptic function, trig-
gering neuroinflammation. These plastics also partake in in-
tercellular uptake. This includes interfering with protein fold-
ing and mitochondrial folding, which are both necessary for
neural health, thus causing neuronal damage and further neu-
roinflammation through accumulation. One method of induc-
ing neurotoxicity is via oxidative stress, where these nano- and
microplastics activate the brain’s microglia (or the brain’s resi-
dent immune cells), which leads to the release of inflammatory
cytokines and oxidative stress. This not only induces neuroin-
flammation and oxidative stress, but it also damages neurons,

causing declining brain health.
Additionally neural models show that, NMPs can translo-

cate through multiple biological barriers, reaching the circu-
latory tissues and organs, absorbing and concentrating toxic
chemicals such as heavy metals and persistent organic pollu-
tants as they move between tissues. NMPs can also bioaccu-
mulate and serve as Trojan Horses, meaning that they carry
other substances along with them13,14. Once NMPs have
crossed the BBB, they can have several effects within the ner-
vous system: disrupting functions of brain parts such as the
hippocampus, cortex, and cerebellum, interacting with sev-
eral neuronal components, and disrupting synaptic function
and neuronal signaling. This disruption of synaptic function
and neuronal signaling caused by NMPs can contribute to
cognitive decline and several behavioral changes15,16. When
NMPs absorb heavy metals like aluminum, lead, and mer-
cury (all known neurotoxins), they are all transported into the
brain. These harmful metals can further contribute to oxida-
tive stress, neuroinflammation, and the formation of amyloid-
beta plaques and tau tangles, which have been implicated in
neurodegenerative disorder development. Similarly, NMPs
can also act as carriers for persistent organic pollutants such
as pesticides and flame retardants. These substances not only
promote neuroinflammation but can disrupt neuronal signal-
ing, thereby increasing the risk of Alzheimer’s disease15.

Animal models also show that NMPs not only accumulate
in parts of the brain but also have been demonstrated to ac-
cumulate in the liver, lung, testes, and gastrointestinal tract17.
This causes multiple pathological processes that harm the hu-
man body, such as intestinal dysfunction, gut microbial dys-
biosis, metabolic disorders, oxidative stress, and hepatic or re-
nal18. When testing microplastic injection in invertebrates, a
reduction in somatic growth rates, metamorphosis, and repro-
ductive growth was observed19.

Collectively, these various mechanisms demonstrate that
NMPs do not merely induce brief neuronal injury, but es-
tablish a pro-oxidative and pro-inflammatory environment
which may potentially accelerate chronic neuronal dysfunc-
tion. Such sustained disruptions to neuroimmune signaling,
BBB permeability, and synaptic integrity provide a mechanis-
tic foundation for us to speculate on the involvement of NMPs
in the onset and progression of neurodegenerative diseases.

Nanoplastics and Neurodegenerative Diseases

One main concern with the neurotoxic effects NMPs have
on our body is the progressive effect they may have on neu-
rodegenerative diseases such as Alzheimer’s, Parkinson’s, and
multiple sclerosis.

Findings from non-mammalian animals models show that
chemical reactions from NMPs form free radicals on the sur-
face of cells, which can then react with atmospheric oxygen
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and form secondary radicals such as superoxide and alkyl rad-
icals. These radicals damage cellular structures, DNA, and
proteins, and cause inflammation. This inflammation affects
the central nervous system (CNS) because of its high lipid
content. As the presence of NMPs activates glial cells, they
begin to release pro-inflammatory messengers such as cy-
tokines (IL-1, IL-2, IL-17, etc), which weaken the BBB, re-
sulting in increased permeability. The increased permeability
allows T cells and macrophages to infiltrate the CNS, lead-
ing to acute inflammatory diseases and infection susceptibil-
ity. This leads to chronic inflammation in the body and even-
tually leads to a cycle of neuronal degeneration through the
overactivation of glial cells through various signaling path-
ways. This chronic neuronal degeneration and inflamma-
tion are what lead researchers to hypothesize NMP exposure
may play a larger role in the development of neurodegenera-
tive diseases such as Alzheimer’s, Parkinson’s, and multiple
sclerosis than was previously realized. Upon neuronal in-
flammation, astrocytes release inflammatory mediators such
as interleukin (IL-17), which also promotes the production of
other pro-inflammatory cytokines and tumor necrosis factor,
as well as matrix metalloproteinases from surrounding glial
cells and neurons. The increased inflammation recruits more
astrocytes to the site of damage, creating a positive-feedback
loop and causing chronic inflammation. This sustained re-
sponse to inflammation can increase existing neuronal dam-
age. This leads to neurodegenerative diseases as elevated
levels of IL-17 have been observed in Alzheimer’s, Parkin-
son’s, and multiple sclerosis patients. Excessive production
of anti-inflammatory cytokines also causes chronic inflamma-
tion due to the resulting dysregulation of astrocytes. Increased
metabolic demands compromise astrocytes’ ability to perform
their regular functions, including the mediation of glutamate
. Glutamate then accumulates and disrupts neuron membrane
integrity, releasing systolic lactate dehydrogenase leakage and
increasing ROS levels. This leads to oxidative stress and also
disrupts neuronal metabolism, contributing to cognitive de-
cline. Postmortem studies of Alzheimer’s patients have also
shown overactivated astrocytes. Another type of glial cell in-
volved in neuroinflammation is microglia. Microglia are re-
sponsible for phagocytosing infected cells through cytotoxin
release and in maintaining BBB homeostasis by producing
Type 1 interferons (IFNs). These are responsible for creating
an innate immune response. When microglia are overstimu-
lated, cytotoxins that damage the neighboring healthy tissues
are released and contribute to the progression of neurodegen-
eration seen in disorders like AD and PD progression. Hall-
marks of Alzheimer’s disease are the misfolded amyloid beta
plaques and abnormally phosphorylated Tau proteins. Mi-
croglia respond to the misfolded proteins, releasing cytokines
and chemokines.

Previous human studies have also shown that neurodegen-

erative diseases such as Parkinson’s disease also progress with
inflammation. PD involves the loss of dopaminergic neurons
in the substantia nigra and the aggregation of Lewy bodies .
Lewy bodies are abnormal alpha-synuclein protein aggrega-
tions, important in neurostriatal vesicle trafficking, and have
also been found to activate microglia1. Together, these inflam-
matory processes driven through glial cells create a cellular
environment promoting neuronal damage. Major underlying
mechanisms in this damage are oxidative stress and neuroin-
flammation, which normally amplify neurodegenerative pro-
gression.

Oxidative Stress in Neurodegenerative Diseases

Oxidative stress and neuroinflammation are both linked to
nanoplastics’ effects on progressing and causing neurodegen-
erative diseases. Oxidative stress occurs when the balance be-
tween reactive oxygen species (ROS) formation and detoxifi-
cation favors an increase in ROS levels. Oxidative stress can
cause irreversible damage in cellular macromolecules, which
can lead to the initiation of various diseases. While it is a well
established contributor in neurodegenerative pathways.

Cellular models demonstrate that Oxidative stress is linked
to altered redox regulation of cellular signaling pathways.
DNA damage and the activation of ROS to the Activator Pro-
tein (AP-1) and Nuclear Factor kappa B (NF-kB) pathways of
signal transduction lead to the transcription of cell growth reg-
ulation genes and initiation of cancerous conditions. A factor
contributing to neurodegeneration and oxidative stress is free
radicals, which are molecules that obtain unpaired electrons
in the outer orbitals. They are highly reactive in the body and
oxidize other atoms, or sometimes reduce other atoms. To
maintain proper cell signaling, several free radical scaveng-
ing enzymes help maintain a threshold level of ROS inside the
cell to prevent damage to key components in signaling path-
ways20. Given the central role of oxidative stress and neuroin-
flammation in driving neuronal damage, strategies targeting
ROS accumulation have emerged as a promising therapeutic
intervention.

Antioxidants’ Role in Alleviation

One method of alleviation that is still being researched is the
use of antioxidants in the mitigation of the progression of neu-
rotoxicity and neurodegenerative diseases. Neuroinflamma-
tion and oxidative stress occur in a bidirectional cycle of im-
pact. This means that, as neuroinflammation worsens, so does
oxidative stress, and while oxidative stress worsens, so does
neuroinflammation. While there is a research gap in connect-
ing neuroinflammation to antioxidants, there is research being
done on theorizing antioxidants’ use in mitigating oxidative
stress.
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An antioxidant is a molecule that can prevent or slow the
oxidation of macromolecules. Antioxidants restrain ROS pro-
duction and scavenging free radicals, protecting the body from
harmful effects caused by oxidative stress and free radicals,
which are components leading to the onset and progression of
neurodegenerative diseases. Antioxidants have a role in lower-
ing or terminating chain reactions causing neural degeneration
by removing free radicals or inhibiting other oxidation reac-
tions by being oxidized themselves .Meaning that by decreas-
ing one, the other could be mitigated. To effectively mitigate
neurotoxicity, the body will either need to consume antioxi-
dants for them to penetrate the BBB or will need the body to
utilize the antioxidants present internally.

Antioxidants can prevent or slow the oxidation of macro-
molecules. Antioxidants restrain ROS production and scav-
enging free radicals, protecting the body from harmful effects
caused by oxidative stress and free radicals, which are compo-
nents leading to the onset and progression of neurodegenera-
tive diseases.

Antioxidants utilize a series of mechanisms to minimize
neurodegeneration. They first block the production of free
radicals and then scavenge for oxidants. They then convert
toxic free radicals into less toxic substances and block the
production of secondary toxic metabolites and mediators of
inflammation. Free radicals are molecules which obtain an un-
paired electron in the outer orbitals. These are highly reactive
atoms, removing electrons from other atoms, therefore oxi-
dizing them. Antioxidants act as free radical scavengers and
interact with and neutralize the unstable molecules to mini-
mize oxidation, adding to the oxidative stress. They also block
the chain propagation of secondary oxidants and repair injured
molecules, as well as initiate the enhancement of the endoge-
nous antioxidant defense system.

There are three major classes of antioxidant enzymes in
all body cells. These include catalases, superoxide radicals
(SOD), and glutathione peroxidases (GPX). Superoxide dis-
mutases scavenge superoxide radicals and convert them into
H202. Glutathione peroxidases reduce hydrogen, lipid hy-
droperoxides, and other organic hydroperoxides. Glutathione-
s-transferases (GST) are another class of enzymatic antioxi-
dants that catalyze the breakdown of lipid peroxides21. Glu-
tathione peroxidase shows a high activity with hydrogen per-
oxide and organic hydroperoxides, while glutathione reduc-
tase catalyzes the reduction of oxidized glutathione to reduced
glutathione. An increased amount of oxidized glutathione pro-
motes an increased oxidative stress response, so decreasing
the levels by converting it to the reduced form works to lower
the oxidative stress experienced. Antioxidants also have dif-
ferent mechanisms depending on whether they are primary or
secondary. While primary antioxidants scavenge free radicals
directly, secondary antioxidants quench singlet oxygen, de-
compose peroxides, inhibit oxidative enzymes, and regenerate

primary antioxidants.
A wide range of natural and cellular antioxidants– including

vitamins, flavonoids, and plant-derived phenolics– play vari-
ous crucial roles in protecting the body from oxidative stress
and damage caused by ROS and environmental toxins such as
NMPs. Protein-bound thiol and non-protein-bound thiol act
as cellular reducing agents and protective agents against most
inorganic pollutants. Thiol is often the first line of defense
against oxidative stress, and levels can be increased through an
increase in its synthesis due to slight oxidative stress. Severe
oxidative stress may decrease thiol levels due to loss of the
adaptive mechanism required to respond with increased syn-
thesis. Ascorbic acid is an antioxidant found in both plants and
animals and must be obtained from the diet in humans because
it cannot be synthesized. Ascorbic acid can reduce and neu-
tralize ROS. Vitamin E has been found to remove the free rad-
ical intermediates and react with lipid radicals to protect the
cell membranes from oxidation. Beta-carotene is present in
liver, egg yolk, milk, butter, spinach, tomato, and grains, and
has shown potent antioxidant properties by protecting against
a free radical attack by removing singlet oxygen. Flavonoids
are another source that plays an important role in protecting
against oxidative stress20. Quercetin is a natural flavonoid
compound found in common foods and surpasses the BBB
and reducing the progression of degenerative disorders while
protecting DNA from oxidative damage. Phenolic acids are a
group of acidic antioxidants that have multiple different prop-
erties. Gallic acid is a phenolic acid that prevents mitochon-
drial lipid peroxidation in a cell-based model using the thio-
barbituric acid RS method as the endpoint. Caffeic acid has
been shown to protect against oxidative brain damage induced
by different prooxidants by restoring the brain levels of the
endogenous antioxidants. Ferulic acid showed a remarkable
capacity in a study to protect dopaminergic neurons in the sub-
stantia nigrapars compacta and nerve terminals in the striatum.
Curcumin was a promising antioxidant that showed remark-
able chain-breaking abilities compared to vitamin E and can
scavenge forms of ROS or activities of several endogenous
antioxidants22.

The findings discussed in this paper came from a wide
range of study models, each contributing its own strengths
and limitations. Vitro models were able to offer high mech-
anistic resolution and offered clarity in understanding mech-
anistic pathways, such as NMP and antioxidant mechanisms
in their roles in neural health. However, they were exten-
sively specific in their descriptions, failing to give a “big pic-
ture”. They were highly reductionist in the sense that they
often isolated processes while failing to describe systemic in-
teractions and broader biological outcomes. Vivo models were
useful in providing greater biological relevance by describing
specifics on tissue-specific models, barrier functions, and bio-
logical interactions. Vivo models utilizing invertebrates were
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useful for isolating specific mechanisms to study while still
studying their pathological and biological characteristics. Hu-
man studies, which are highly observational, were extremely
useful in giving dependable cause-and-effect characteristics of
variables. They offered the highest translational relevance but
were still constrained by confounding variables and did not
cover much in the toxicology field due to ethical constraints.

Discussion

NMPs are an emerging issue in the modern world and could
pose major risks for neural and overall health. NMPs are being
overly consumed by humans (either by consumption, inhala-
tion, or contact) due to their heavy pollution and have been
found to penetrate the BBB. By doing so, NMPs could pose
high levels of neurotoxicity to the brain . NMPs can induce
neurotoxicity by breaching the BBB through endocytosis, en-
abling them to act as carriers for neurotoxic substances, trigger
microglial activation and cytokine release via inflammatory
pathways, disrupt protein folding and mitochondrial function,
and impairing synaptic signaling as they accumulate in neural
tissues. This induces neuroinflammation and oxidative stress,
which both have a bidirectional relationship in worsening the
other. These two factors are hallmarks of neurodegenerative
diseases such as Alzheimer’s, Parkinson’s, and multiple scle-
rosis. These findings have led researchers to theorize that
NMPs can worsen neurodegenerative diseases and even cause
them. One emerging field of research is the use of antioxi-
dants to alleviate neurotoxicity, leading researchers to won-
der if they could mitigate NMP-induced neural health risks.
Antioxidants could alleviate neurotoxicity because they neu-
tralize reactive oxygen species, scavenge free radicals, block
the formation of secondary toxic metabolites, and support cel-
lular repair mechanisms, ultimately reducing oxidative stress,
inflammation, and neuronal damage. They do this through a
combination of enzymatic and non-enzymatic processes, such
as converting superoxide radicals into less harmful molecules,
protecting mitochondria and DNA, enhancing the body’s en-
dogenous antioxidant systems, and even directly crossing the
BBB to protect neural tissues from degeneration. This shows
potential for antioxidants to alleviate the harm that NMPs pose
to neurodegenerative diseases. With further research, a direct
relationship nanoplastics have on the progression and causa-
tion of neurodegenerative diseases may be able to be con-
firmed. This study successfully examined various methods by
which NMPs may induce neurotoxicity by crossing the BBB
and other barriers and how this could lead us to presume they
have a link to neurodegenerative diseases23. Existing research
shows the neurotoxic effects that NMPs have on the neural
system is highly dependent on the size of the plastic as well
as the amount9. The smaller the plastic, the more damage it
causes as it crosses more protective barriers23. This paper also

examined mechanisms by which antioxidants alleviate neuro-
toxicity, presenting them as a prospective tool for mitigating
NMP-induced neurotoxicity. The studies cited in this review
characterize the mechanisms by which NMPs act inside the
brain and also review neurotoxic mechanisms in the brain.
Many of these studies focus on a single specific mechanism
rather than multiple mechanisms in general. Some particular
focuses include BBB penetration, neuroinflammation, and ox-
idative stress pathways. This review acts as an aggregator of
the various mechanisms NMPs may use to induce neurotox-
icity. This review also integrates research on antioxidant al-
leviation for neurotoxicity rather than seeing oxidative stress
and neuroinflammation as an endpoint. It then later evaluates
whether antioxidants can be a probable competitor to be an
alleviant of NMP-induced neurotoxicity in specific cases.

This review also contains inherent limitations. Due to
the heterogeneity of experimental models, plastic types, and
outcome measures used across the studies, precluding meta-
analysis and quantitative comparison, this study is constrained
as a narrative synthesis. Furthermore, as direct studies exam-
ining antioxidants’ direct relation to NMPs are scarce, con-
clusions regarding antioxidant efficacy must be drawn from a
larger body of literature written in the more general sense of
neuroinflammation and oxidative stress.

Future studies should prioritize methods to better approx-
imate human conditions as well as physiologically relevant
exposure models. Using in vitro systems, studies could bet-
ter predict NMP-BBB interactions with more accurate models,
allowing for more precise assessments of mechanisms, chem-
ical interactions, and oxidative damage. In vivo studies could
incorporate realistic exposure routes (such as inhalation and
dietary intake), which may be key to understanding the vari-
ous pathways and mechanisms used by NMPs to enter circula-
tion and neural tissues. Studies should also directly investigate
the relationship between antioxidants and NMPs in terms of
whether or how the antioxidants could actually prevent NMPs
from inducing toxicity as they do with ROS, or if antioxidants
only target the resulting damage after NMP exposure. By ex-
amining various types of antioxidants (dietary, endogenous,
etc), the exact mechanisms and characteristics of antioxidants
can be pinpointed and studied to understand how their specific
molecular mechanisms may be best used to counteract NMP-
induced neurotoxicity.

Ultimately, antioxidants could serve as a critical defence
against oxidative stress, underscoring their significance not
only in maintaining cellular health but also in preventing long-
term disease progression, which may be caused by NMP pol-
lution. As we continue to explore their roles, we move closer
to understanding how to protect human health in a world faced
with numerous health challenges like NMP pollution.
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Conclusions

In conclusion, NMPs could pose a significant threat to neu-
ral health as they breach biological barriers, accumulate in
brain tissue, and trigger oxidative stress, neuroinflammation,
and cellular dysfunction. Their ability to act as Trojan Horses
for heavy metals and persistent organic pollutants further am-
plifies their neurotoxic potential, contributing to the notion
that they have a link to neurodegenerative diseases1. How-
ever, the body’s antioxidant defense system plays a critical
protective role in combating neurotoxicity, showing that they
could mitigate neural damage posed by NMPs. Enzymatic
antioxidants like SOD, catalase, and GPX, along with natu-
ral compounds such as flavonoids and phenolic acids, demon-
strate powerful neuroprotective effects by neutralizing reactive
oxygen species and supporting cellular repair mechanisms20.
Understanding the dual role of environmental toxins and cel-
lular defense systems not only highlights the urgency of ad-
dressing plastic pollution but also opens doors for therapeu-
tic strategies that harness antioxidants to preserve brain health
and mitigate long-term brain damage. This research advances
the neurotoxicology field by addressing the possible emerg-
ing threats of NMP pollution to human health. This research
investigates how NMPs affect oxidative stress, neuroinflam-
mation, and protein interactions. By doing so, it clarifies the
mechanisms through which NMPs could harm brain health
and explores avenues to mitigate this toxicity. The findings
contribute to our understanding of how NMP pollution im-
pacts the brain and could help develop strategies to alleviate
its effects. Additionally, the study explores how antioxidants
may reduce neurodegeneration, showing them as a possible
therapeutic for NMP-induced brain damage.
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Löder, M., & Gerdts, G. (2016). Dangerous hitchhikers? Evidence for
potentially pathogenic Vibrio spp. on microplastic particles. Marine En-
vironmental Research, Vol. 120, pp. 1–8. https://doi.org/10.
1016/j.marenvres.2016.07.004.

15 Li, G., Liu, X., Sun, X., Huang, L., Kuang, W., Ou, J., Zhang, J., Zhang,
Z., Li, H., Tang, H., Feng, C., Gu, L., Yang, C., Peili, W., & Wang,
J. (2024). Polystyrene microplastics induce anxiety via HRAS derived
PERK-NF-χB pathway. Environment international, Vol. 185, 108543.
https://doi.org/10.1016/j.envint.2024.108543.

16 Paing, Y., Eom, Y., Song, G., Kim, B., Choi, M., Hong, S., & Lee, S.
(2024). Neurotoxic effects of polystyrene nanoplastics on memory and
microglial activation: Insights from in vivo and in vitro studies. Science

© The National High School Journal of Science 2026 | 7

https://doi.org/10.1038/srep41323
https://doi.org/10.3390/ijms26167845
https://doi.org/10.1021/acsomega.4c00231
https://doi.org/10.1021/acsomega.4c00231
https://doi.org/10.1186/s12951-025-03561-1
https://doi.org/10.1186/s12951-025-03561-1
https://doi.org/10.1016/j.jchemneu.2023.102314
https://doi.org/10.1016/j.jchemneu.2023.102314
https://doi.org/10.1016/j.chemosphere.2022.134261
https://doi.org/10.1016/j.chemosphere.2022.134261
https://doi.org/10.1186/s12974-025-03406-6
https://doi.org/10.1186/s12974-025-03406-6
https://doi.org/10.1016/j.jhazmat.2022.128431
https://doi.org/10.1021/acs.est.4c12148
https://doi.org/10.1021/acs.est.4c12148
https://doi.org/10.1016/j.ecoenv.2025.118379
https://doi.org/10.1016/j.ecoenv.2025.118379
https://doi.org/10.1039/c8en00412a
https://doi.org/10.1039/c8en00412a
https://doi.org/10.1016/j.ecoenv.2025.118311
https://doi.org/10.1016/j.ecoenv.2025.118311
https://doi.org/10.1016/j.marenvres.2016.07.004
https://doi.org/10.1016/j.marenvres.2016.07.004
https://doi.org/10.1016/j.envint.2024.108543


of The Total Environment, Vol. 924, 171681. https://doi.org/10.
1016/j.scitotenv.2024.171681.

17 Qiang, S., Huang, Y., Wang, Y., Jiao, L., Luo, Y., Li, S., Gu, H.,
Wang, Z., Zhang, Y., Wu, X., & Fan, Q. (2025). Polystyrene nanoplas-
tics induce mitochondrial dysfunction and hepatic fibrosis via oxidative
stress. SSRN Electronic Journal. https://ssrn.com/abstract=
5391979; http://dx.doi.org/10.2139/ssrn.5391979.

18 Jin, Y., Lu, L., Tu, W., Luo, T., & Fu, Z. (2019). Impacts of polystyrene
microplastic on the gut barrier, microbiota, and metabolism of mice. Sci-
ence of the Total Environment, Vol. 649, pp. 308–317. https://doi.
org/10.1016/j.scitotenv.2018.08.353.

19 Au, S.Y., Bruce, T.F., Bridges, W.C., & Klaine, S.J. (2015). Responses
of Hyalella azteca to acute and chronic microplastic exposures. Envi-
ronmental Toxicology and Chemistry, Vol. 34, pp. 2564–2572. https:
//doi.org/10.1002/etc.3093.
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