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Abstract

In recent times, both in vitro and in vivo studies have demonstrated toxicological
and pathological evidence of microplastic exposure in neurological dysfunction

and diseases. The mechanistic linkage of microplastics and nanoplastic exposure

in Alzheimer’s disease and Parkinson’s disease—two of the most common
neurodegenerative diseases in humans have not been explored. This gap in
knowledge forms the basis of this review. Moreover, the global population keeps
‘consuming’ plastics through the skin, nostrils and mouth—which ultimately could
result in intoxication, pathologies and contribute to the pathogenesis of Alzheimer’s
and Parkinson'’s. This narration examined the relationship between the risk of
encountering microplastics and nanoplastics and the possible mechanisms of
neurotoxicity and neurodegeneration, including oxidative stress, neuroinflammation,
disruption of the blood-brain barrier, and protein clustering/ aggregation in both
animal models and humans. Though strong linkage was found between microplastic
exposure and the neurodegenerative diseases, further studies are required in this
area—while public health scientist and policy makers are called to act to curb the

global environmental challenge of plastic pollution.

1 Introduction

Microplastics are small plastic particles of sizes smaller than 5 mm. Microplastics (MPs)
and its ‘derivative’ nanoplastics (NPs), which are typically defined as plastic particles
smaller than 100 nm (and sometimes up to 1,000 nm depending on classification), con-
tinue to pose significant global- environmental and health challenge. These particles
have been found in almost every part of the environment—including air, water and
soil. They have even been found in the gastrointestinal tract of some animals and in
the tissues of others [1]. They penetrate tissues by traversing (across) biological barri-
ers through ingestion, inhalation or skin exposure, leading to their detection in lungs,
breast milk, urine, blood, placenta and liver of humans [2-5]. Globally, the world has
seen exponential increase in the use of plastics in the past 70 years—from 1.5 million
tonnes in the 1950s to about 359 million tonnes now [2]. Moreover, some intestinal, car-
diovascular, infectious and inflammatory diseases and cancers—of unknown ‘traditional’
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etiology, have recently been known to be induced by MPs [2]. Once MPs and NPs enter
the circulatory system and gets into the brain for example, they can traverse their imme-
diate barriers due to their hydrophobicity and may elicit cytotoxicity, inflammation and
oxidative stress in affected neurons, impairing signaling pathways leading to the pro-
gression to neurodegenerative diseases such as Alzheimer’s and Parkinson’s diseases [2].
Worldwide, neurological diseases continue to be the main source of disability, including
neurodegenerative diseases such as Parkinson’s disease, which is increasing in occur-
rence, resulting in disabilities and deaths [6]. On the other hand, Alzheimer’s disease
(AD) is the most prevalent neurodegenerative disorder and a leading cause of dementia
in the aged population [7]. One major hallmark of neurodegenerative disease is misfold-
ing of amyloid proteins, and MPs/NPs have been known to induce protein folding and
accelerate the formation of abnormal amyloid proteins[8].

MPs and NPs promote the progression of neurodegenerative diseases through oxi-
dative stress that generates reactive oxygen species (ROS), which disrupts antioxi-
dant enzyme activities, leading to the formation of protein aggregates such as amyloid
beta (AP), alpha-synuclein (a-syn) and Tau proteins [2]. Previous literature has cited
microplastics in relation to recognized environmental factors (such as air pollution)—
highlighting their capacity to activate common mechanisms associated with neurode-
generation. [9]. This narrative review will discuss the effects of the risk of exposure to
MPs and NPs, to the potential mechanisms of neurotoxicity, such as oxidative stress,
neuroinflammation, blood—brain barrier (BBB) disruption and protein aggregation in
AD and PD, and synthesize some gaps for research and policy decisions. While the field
is nascent, growing experimental and observational data indicate a plausible connection

warranting further investigation.

2 Methodology

The review evaluates studies published in English in peer-reviewed journals or books
from 2015 to 2025 to highlight the latest advancements in microplastics exposure in
Alzheimer’s and Parkinson’s diseases. Online databases that were included Google
Scholar  (https://scholar.google.com/), PubMed (https://pubmed.ncbi.nlm.nih.gov/)
Scorpus (www.scorpus.com) and guidelines from relevant health organizations were
searched using the keywords microplastics, environmental pollution, human health,
Alzheimer and Parkinson’s diseases. The inclusion criteria were:

+ Articles in peer-reviewed journals indexed in Google Scholar, PubMed, and Scorpus
were considered.

+ DPublications published in peer-reviewed journals indexed in Google Scholar,
PubMed, and Scorpus were evaluated. The search retrieved an extensive selection
of literature, including experimental studies, systematic reviews, and policy
recommendations.

2.1 Microplastics: sources, pathways, and exposure

The term Microplastics was coined by Richard Thompson who studied plastic waste in
ocean bodies and described these tiny plastic particles that have become a global con-
cern as microplastics, drawing attention of governmental and nongovernmental orga-
nizations and scientists [10]. Microplastics are tiny plastic particles with sizes less than
5 mm that are pervasive in the environment, with an estimated 400,000 tons released on
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land and waterbodies [2] Microplastics are classified based on their origin into primary
MPs, which are purposefully made for use in textiles, cosmetics and other industrial
purposes, while secondary MPs describe the disintegration of larger plastics into minute
particles due to heat, ultraviolet (UV) radiation and chemical degradation [2].

The main routes of exposure to MPs and NPs in Humans are via ingestion, inhalation
and dermal contacts [2]. Humans ingest MPs through consumption of contaminated
food and water, and dermal contact occurs using personal care products such as soap,
scrubs and face.

wash [11]. Through oral ingestion (food, tooth paste etc.), MPs can move across the
digestive epithelium into the circulatory system, a pathway described as translocation.
Microplastics, therefore, are accumulated in the human body through translocation
with the particles passing through the epithelial cells or absorbed by specific microfold
cells [11]. Figure 1 shows how MPs and NPs get into the blood and other body systems
through the 3 modes explained.

The small size of NPs facilitates their entry into the human body through inhalation
(Fig. 1), which starts at the olfactory region and links the trigeminal nerve by penetrating
the nasal mucosa lining and eventually ending up in the alveolar space and lung cap-
illary bed [11]. The transport into the circulatory system is also enhanced because of
the ability of NPs to attach to red blood cells (RBCs) and white blood cells (WBCs) in
the systemic circulatory system [2]. The MPs and NPs which are airborne are inhaled
through the olfactory nerve bulb, often described as nose-to-brain transport, leading to
their accumulation in the olfactory epithelium [12].

2.2 Towards nervous system: blood-brain barrier penetration and oxidative stress

The blood brain barrier (BBB) is a defensive barrier made up of endothelial cells that
are tightly attached by junctions that protect the brain tissue from likely toxic sub-
stances circulating in the blood plasma [13]. The BBB therefore prevents the entry of
most blood-borne pathogens and particulate matter (PM) from entering the brain,
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which ensures that there is a stable homeostatic microenvironment for normal func-
tioning of the central nervous system [14]. There is much evidence demonstrating that
a defect in the physiological structure of the BBB is manifested in the occurrence of sev-
eral diseases, such as neurodegenerative diseases, ischemic stroke, multiple sclerosis and
peripheral diseases [15]. Moreover, evidence suggests that MPs/NPs can cross biologi-
cal barriers such as the BBB, eliciting neuroinflammatory responses and leading to pro-
gression to neurodegenerative diseases such as Alzheimer’s and Parkinson’s diseases [2].
Alzheimer’s AD is characterised by the breakdown of the BBB, thereby permitting the
infiltration of peripheral toxins and immune cells into the brain [16], and microplastics
have the potential to either cross or compromise the integrity of the BBB, leading to the
introduction of some of these foreign particles that initiate oxidative stress, promot-
ing further inflammatory responses [16]. Polystyrene (PS), a polymer type of MP, can
stimulate inflammatory responses and oxidative stress when present in the brain regions
by activating pro-inflammatory cytokines such as tumour necrosis factor (TNF-«) and
interleukins that cause neural damage [2]. Though direct human studies on the mecha-
nistic overlap between Parkinson’s disease, Alzheimer’s disease, and microplastics are
extremely limited, there are evidence from laboratory experiments and animal models,
with human data largely restricted to biomonitoring. The work done by Alexander Chi
Wang Siu et al. highlights biomonitoring evidence of microplastics in human blood and
stool but notes the absence of direct mechanistic human studies [17]. Again, another
study detected nanoplastics in human blood and raises concern about their ability to
cross the BBB, but stresses that direct human mechanistic evidence is lacking [18].

Both Alzheimer’s disease (AD) and exposure to microplastics share common mecha-
nisms related to oxidative stress, neuroinflammation, and mitochondrial dysfunction.
Microplastics exacerbate pathways that are already associated with AD, including the
accumulation of reactive oxygen species (ROS), lipid peroxidation, activation of microg-
lia, and pyroptosis, consequently intensifying neuronal damage and cognitive dete-
rioration [19]. In Alzheimer’s disease (AD), the excessive production of ROS results in
damage of proteins, lipids, and DNA, which ultimately contributes to synaptic dysfunc-
tion and the death of neurons [20]. Microplastics, particularly polystyrene particles, also
promote the accumulation of ROS, surpassing the capacity of antioxidant defenses and
initiating further oxidative damage [21]. Both scenarios exhibit lipid peroxidation within
neuronal membranes, which compromises cellular integrity and disrupts signaling [21].

2.3 Microglial activation & pyroptosis, amyloid beta aggregation, and neuroinflammation

Besides the action of ROS and the mechanism of oxidative stress in Alzheimer’s disease
(AD), microglia undergo chronic activation, leading to the release of pro-inflammatory
cytokines and exacerbating neuronal damage [22]. Microplastics have been shown to
induce microglial pyroptosis, a form of programmed cell death characterized by high
levels of inflammation, thereby intensifying neuroinflammation as noted by Wang et
al. [17]. This intersection indicates that microplastics could potentially hasten the pro-
gression of AD by conditioning microglia to adopt a harmful phenotype (Fig. 3). The
hallmark of AD consists of amyloid-p plaques and tau tangles, which are aggravated by
oxidative stress [20] (Fig. 2). Microplastics contribute to the worsening of protein mis-
folding indirectly by elevating ROS and inflammatory mediators, thereby destabiliz-
ing proteostasis [22]. These conditions exhibit compromised autophagy and lysosomal
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clearance, resulting in the accumulation of toxic proteins. It is characterized by mito-
chondrial dysfunction, which leads to a decrease in ATP synthesis and an increase in
the leakage of ROS [20]. Also, Microplastics interfere with the mitochondrial membrane
potential and the electron transport chain, perpetuating the same detrimental cycle of
oxidative stress [21]. There is an increasing amount of experimental research indicat-
ing that micro- and nanoplastics can interact with pathways relevant to AD, particu-
larly those associated with neuroinflammation, disrupted processing and clearance of
amyloid-p, as well as dysfunction of microglia.

2.3.1 Pyroptotic signaling in microglia

Polystyrene microplastics (PS) induce microglial pyroptosis in vitro, with findings indi-
cating that gasdermin D (GSDMD) is a key mediator of this process; the silencing of
GSDMD reducing the occurrence of pyroptosis. In vivo, exposure to PS intensifies neu-
roinflammation and deteriorates cognitive function in AD mouse models, thereby estab-
lishing a connection between plastic exposure and the inflammatory cell death pathways
that are pivotal to Alzheimer’s pathology [17]. (Fig. 3).

2.3.2 Impaired microglial clearance of amyloid-$3

Nanoplastics obstruct the ability of microglia to uptake and eliminate amyloid-f3, thereby
interfering with the cellular processes that typically regulate extracellular Ap levels.
This disruption establishes a direct mechanistic connection between exposure to NPs
and the pathology associated with the amyloids [17]. There are also changes in receptor-
mediated phagocytosis and intracellular processing pathways, aligning with the noted
decrease in A clearance ability following exposure to nanoplastics [17].
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Fig. 3 Mechanisms of Microplastic intoxication, pathogenesis and pathophysiology in Alzheimer’s Disease

In summary, micro- and nanoplastics have been experimentally demonstrated to trig-
ger microglial pyroptosis and enhance neuroinflammation and hinder the clearance of
amyloid-p by microglia, which are two fundamental mechanisms involved in the patho-
physiology of AD [17]. This offer substantial mechanistic connections, while the diverse
types of polymers, various exposure conditions, and tau-related pathways necessitate
additional focused research.

2.4 Microplastics and Parkinson’s disease: pathogenic and pathophysiologic mechanisms

Mitochondrial dysfunction is a key characteristic of Parkinson’s disease (PD), with
various microplastic-related impacts converging on identical mitochondrial pathways,
including oxidative stress, susceptibility of complex I, compromised mitophagy, calcium
imbalance, and a collapse in bioenergetics. It is characterized by the loss of dopaminer-
gic neurons with the dysfunction of electron transport chain complex I, increased levels
of ROS, and a disturbance in redox balance [21]. Both genetic and toxin-induced models
highlight complex I impairment as a defining characteristic of PD [23]. It has been docu-
mented that exposure to MPs and NPs elevates cellular ROS levels and induces oxidative
damage in both neural and peripheral models, thereby placing stress on mitochondria
and enhancing electron leakage [21]. (Fig. 4). Moreover, NPs have been demonstrated
to infiltrate neurons, disrupt the degradation of structures associated with Parkinson’s
disease (PD), and cause harm to brain areas in mice, indicating a molecular connection
between plastics and a-synuclein pathology. This observation is consistent with funda-
mental mechanisms of PD, where compromised lysosomal and autophagic processes
promote the accumulation of a-synuclein and the formation of Lewy bodies [21]. Other
preliminary findings indicate that NPs could potentially be associated with Parkinson’s
disease; however, there is a lack of direct and reproducible evidence demonstrating
accelerated misfolding or aggregation of a-synuclein or tau/amyloid-$ in environmen-
tally realistic conditions [24]. Moreover, other preliminary studies indicate that Af
and a-syn may work together to facilitate their mutual aggregation and accumulation.
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Fig. 4 Mechanisms of Microplastic and Nano intoxication, pathogenesis and pathophysiology in Parkinson’s
Disease

Although the precise mechanisms underlying the interaction between these proteins are
not fully understood, an increasing body of evidence points to the possibility that Ap
could hinder protein clearance, trigger inflammatory responses, increase phosphoryla-
tion, or directly encourage aggregation [21].

Also, the effects of microplastics on gastrointestinal environments indicate a possible
alteration of the enteric-nervous system and gut inflammation. This observation is sig-
nificant considering the prodromal gut involvement in PD and the proposed propagation
of a-synuclein from the gut to the brain through the vagus nerve pathway [2]. Studies in
mouse models have shown that polystyrene NPs are capable of infiltrating nerve cells in
mice, disrupting the degradation of a-synuclein-associated structures, and causing harm
to brain areas pertinent to PD [21]. This offers clear evidence that environmental nano-
plastics may facilitate the accumulation of a-synuclein, which is a defining characteristic
of Parkinson’s Disease.

An examination of rodent models reveals that exposure to MPs induces oxidative
stress, neuroinflammation, and a decrease in dopaminergic neurons, which culminates
in motor dysfunction that mirrors the symptoms of Parkinson’s disease [21] (Fig. 4).
These investigations tell a mechanistic connection between the pathology induced by
microplastics and the degeneration of the nigrostriatal pathway associated with PD. In
humans, nanoplastics have been detected in blood, lungs, placentas, and even brain tis-
sue [3-5, 12], thereby confirming that environmental exposure can penetrate the central
nervous system. This provides biological plausibility for the epidemiological correlation
with neurodegenerative diseases such as PD [2]. In another study, nanoplastics were
found to be capable of infiltrating nerve cells, disrupting the degradation of a-synuclein-
associated structures, and causing harm to brain areas — characteristics pertinent to PD
in mice [21]. Although this information is derived from animal studies, the National
Institutes of Health (NIH) of the United States of America (USA) underscored the public
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health concern that increasing plastic pollution could elevate the risk of developing Par-
kinson’s disease [21].

2.4.1 Susceptibility of a-syn to surface-induced misfolding, including NP interactions

It is proposed that the aggregation of a-Syn is significantly linked to the pathogenesis of
Parkinson’s Disease (PD). The pivotal involvement of a-Syn aggregation in PD is further
corroborated by the discovery of point mutations in the a-Syn protein that are related to
rare familial variants of PD. Nevertheless, the relationship between the aggregation ten-
dencies of a-Syn mutants and their connection to the PD phenotype is complex. Recent
findings indicate that oligomers, which are produced during the early phases of aggre-
gation, represent the highly neurotoxic entities responsible for neuronal death in PD.
However, the diverse and unstable characteristics of these oligomers hinder their com-
prehensive analysis. In contrast, a-Syn fibrils have been demonstrated to act as infec-
tious agents, propagating in a manner akin to prions [25].

2.4.2 Significant involvement of the gut-brain axis

Recent studies indicate a possible connection between the commensal gut microbiota
and the brain, which may affect neurodevelopment, cognitive function, and overall
health. This two-way communication is commonly known as the microbiome—gut—brain
axis. Increasing evidence points to the fact that the emergence of non-motor symptoms,
including gastrointestinal issues, frequently occurs before the appearance of motor
symptoms and the formal diagnosis of the disease, thereby reinforcing the potential sig-
nificance of the microbiome—gut—brain axis in the fundamental pathological processes
associated with PD [26].

2.4.3 Uptake of nano plastics into the nigra region of the brain

Researchers investigated the interactions between alpha-synuclein fibrils and nanoplas-
tics in cultured brain cells, specifically neurons. Their findings revealed that both fibrils
and plastics can penetrate neurons through a process known as endocytosis, where the
cell’s outer membrane envelopes specific substances. Once internalized, both fibrils and
plastics were found to enter the lysosomes, which are membrane-bound organelles func-
tioning as the cell’s waste disposal system. The study indicated that NPs interfered with
lysosomal functions, thereby hindering the degradation of toxic aggregates of alpha-
synuclein [21]. Subsequently, the research team examined the interactions of polysty-
rene NPs and alpha-synuclein within the mouse brain. They discovered that these NPs
and alpha-synuclein fibrils also interacted in this context, leading to an increased dis-
semination of pathological features throughout interconnected brain areas. Notably,
neurons in the substantia nigra region of the brain were particularly impacted. This area
is crucial for motor skills and movement regulation, and is known to be compromised in
PD, besides other related dementias [21].

2.5 Effect of microplastics on target proteins in Alzhimer and Parkinsons diseases

Micro- and nanoplastics (MNPs) function as catalytic surfaces, driving up the misfold-
ing and aggregation of proteins associated with Alzheimer’s and Parkinson’s disease.
These particles penetrate past the blood—brain barrier and interact directly with pro-
teins through hydrophobic and electrostatic forces.
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In Parkinson’s disease and alpha-synuclein («-syn) interactions, nano plastics have a
strong affinity for the amphipathic and NAC domains of a-syn. Alpha-synuclein aggre-
gates are intracellular protein clumps primarily associated with Parkinson’s disease.Toxic
fibrils form rapidly as a result of this interaction, which produces a “nucleation center”
that decreases the energy barrier for protein aggregation [27]. Microplastics converge
with a-syn in the lysosomes after translation. Plastic prevents these aggregates from
breaking down, which encourages their buildup and subsequent prion-like distribution
throughout the brain. [21] Research reports that prolonged exposure to micro/nano-
plastics triggers the phosphorylation of a-synuclein at Ser129, a characteristic of Par-
kinson’s disease, resulting in the targeted degeneration of dopaminergic neurons in the
substantia nigra [27].

The relationship between Amyloid-Beta (AP) and Alzheimer’s disease is influenced by
microplastics, which stabilize the toxic oligomeric forms of Amyloid-beta. The hydro-
phobic layer on microplastics draws in the hydrophobic regions of AB42 monomers. This
interaction facilitates the conversion from random coils to -sheet structures, which are
the fundamental components of amyloid plaques [22]. Reports demonstrates that Ap,
“seeded” on nanoplastic surfaces produces aggregates that are considerably more cyto-
toxic than those generated without plastics, resulting in increased neuronal apoptosis
rates rates [u,v]. Exposure to MNPs induces oxidative stress and activates kinases, such
as GSK-3p, resulting in the hyperphosphorylation of Tau proteins. Hyperphosphory-
lated Tau dissociates from microtubules, resulting in their collapse [2, 22] This impairs
axonal transport, resulting in the production of neurofibrillary tangles, a major cause of
cognitive impairment in Alzheimer’s [28]. Beyond direct binding, microplastics can also
affect these target proteins through cellular disruption through decreased mitochondrial
membrane potential, limiting the ability of “chaperone” proteins to refold or remove
damaged proteins [28]. Microplastics can cause microglia to develop a pro-inflamma-
tory M1 phenotype. Chronic inflammation leads to protein misfolding and hinders the
removal of A plaques and a-syn aggregates by phagocytes [28]. AP plaques are extracel-
lular clamps of protein fragments primarily associated with Alzheimer’s disease.

2.6 Physicochemical characteristics of micro plastics in the environment

The toxicity of microplasticsis substantially influenced by their physical and chemical
characteristics, including polymer type, particle aging and weathering, size, and additive
composition. These factors collectively affect the ability of microplastics to penetrate
biological systems and induce adverse effects like oxidative stress, inflammation, and
neuroinflammation.

2.6.1 Polymer type
The kind of polymer greatly affects toxicity, determining the interaction of micro and
nanoplastics with biological systems, the induction of oxidative stress, and the leaching
of dangerous additives. Polyethylene terephthalate (PET) and polyvinyl chloride (PVC)
nanoplastics are typically more cytotoxic than polystyrene (PS) due to their innate
chemical composition. They cause oxidative stress, cell death, and disruption of meta-
bolic pathways [29, 30].

Polyethylene (PE) and polypropylene (PP) are polyolefins characterized by extensive
linear hydrocarbon chains that are resistant to spontaneous decomposition. Polyethylene
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(PE) and polypropylene (PP) polymers may require over a century to decompose [31].
Polypropylene and polyethylene have strong hydrophobicity, making them more effec-
tive at adsorbing and transporting organic pollutants (such as triclosan or heavy metals)
than other materials [32].

Polypropylene’s high molecular weight of 42 g/mol, tensile strength of 31-41 mPa, and
hardness of 98% make it more resistant to cracks, acids, organic solvents, and electro-
lytes, as well as having greater hydrophobic characteristics. PE has a lower molecular
weight than PP (28 g/mol), tensile strength of 17-33 mPa, and hardness of 60-69% [33,
34]. Furthermore, PP has a triple bond (alkyne, C=C) in its chain structure, making it
stronger than PE, which only has a double bond (alkene, C=C) [35]. These properties
confer PE and PP with high stability and strong resistance, which is the primary rea-
son for their use in industries. The presence of several plastics in human brain tissues,
including polyethylene and polystyrene, has been demonstrated to be related to higher
levels of neuroinflammatory markers [36]. Polyethylene and polystyrene typically have
higher translocation rates across biological barriers, such as the blood—brain barrier
(BBB), which results in more severe neurological impacts such as acetylcholinesterase
inhibition and neuroinflammation [36]. Plastic polymers, particularly in the form of
microplastics and nanoplastics can significantly affect Parkinson’s disease (PD) by accel-
erating the misfolding and aggregation of the protein alpha-synuclein. These particles
can enter the brain, causing damage to dopaminergic neurons, particularly in the sub-
stantia nigra region [21]. Polymer type has a significant impact on Alzheimer’s disease
(AD) in two ways: as environmental contaminants (microplastics), that could contrib-
ute to disease progression via neurotoxicity, and as therapeutic carriers (biopolymers),
which are designed to deliver drugs across the blood—brain barrier (BBB) to treat the
disease [37].

2.6.2 Particle aging and weathering
Particle aging and weathering are transformative processes that alter the physical, chem-
ical, and biological properties of microplastics (MPs) when they reach the environment.
After various aging processes, MPs’ physicochemical characteristics alter, making them
easily absorbed by organisms and having biological impacts. The aging reaction breaks
down MPs into smaller particles, affecting their absorption by organisms. Because of
the mouth’s limited size, creatures (such as oyster larvae and nematodes) were easier to
absorb tiny MPs, which might ultimately result in toxic effects [38]. Weathering-induced
photo-oxidation of plastics degrades their material properties, causing decreasing
strength, fragility, and, when exposed to environment mechanical stress, there is plastic
fragmentation into smaller pieces [39].

Studies indicates that weathered PS microplastics (MPs) can facilitate the indirect
photolysis of organic contaminants in water by forming reactive species under sun irra-
diation and functioning as heterogeneous photosensitizers [40].

2.6.3 Size heterogeneity and barrier penetration

Size is the most critical determinant of whether a particle remains localized or becomes
a systemic neurotoxicant. The polydispersity of MNPs in the environment is a primary
barrier to translational research, as toxicity is highly size-dependent. Microplastics
can cross the blood—brain barrier (BBB) and affect the central nervous system; with
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Table 1 Overview of Research Studies on Polymer Exposure and Neurological Effects

Study Polymer type Exposure dose & Key neurological outcomes

(date) route

Hanetal.  Polystyrene (PS- 20 nm (NP)/0.25 um PS-NP showed 2.9 x higher brain accumulation;

(2025) [43] NP & PS-MP) (MP); 20 pg/mouse/day  induced a-synuclein clumping, dopamine neuron loss,
(16 weeks, Inhalation) and motor deficits (Parkinson’s pathology)

Siuetal. Polystyrene 100 pM (Low Accelerated amyloid-beta (AR40/42) nucleation,

[44] (PS-NPs) concentration) promoting oligomer formation and neurotoxicity
(Alzheimer’s progression)

Gasperet  Nano- Environmental dose in Induced sex-dependent cognitive changes; ApoE4-

al. [45] microplastics drinking water [3] risk mice (genetically predisposed to Alzheimer’s)

(Polystyrene) showed severe memory and spatial processing deficits

Liu etal. Anionic Nanosize particles; In Strong interaction with a-synuclein; significantly pro-

[46] Polystyrene vitro & mouse models  moted protein clumping in neurons and subsequent
dopamine loss

Jeong etal. Polystyrene 0.3-56.5 particles/ Linked to chronic neuroinflammation and microglial

[47] (PS-MP) mm? (Ambient concen-  activation, exacerbating pathways identical to PD-

tration, Inhalation) related neurodegeneration

decreasing particle size, polystyrene nanoplastics (~200 nm) exhibit higher trans endo-
thelial transport and permeability than larger microplastics (1.0 pum) (p) Nanoplastics
(<1 um) possess a high surface-area-to-volume ratio, allowing them to penetrate deep
into organs (brain, liver, testes) and even enter individual cells via endocytosis [41, 42].
Microplastics ranging from 5.5 to 26.4 pm have been detected in the human olfactory
bulb, suggesting their potential to induce neurotoxicity upon reaching brain tissue [12].

2.7 Primary experimental studies from 2024-2026 have increasingly linked microplastic
(MP) and nanoplastic (NP).

In animals’ models, exposure microplastics has been linked to the acceleration of
Alzheimer’s and Parkinson’s disease pathologies. Table 1 highlights key experimental
studies on Alzheimer’s & Parkinson’s (2024—2025) in relation to microplastics exposure.

2.8 Limitations of current literature, gaps and recommendations for research & practice
2.8.1 Quantifying population exposure and access to the brain in humans

There is a deficiency in standardized methodologies for assessing chronic, lifelong expo-
sure to microplastics and NPs through inhalation, ingestion, and dermal pathways, par-
ticularly among vulnerable populations and in diverse geographical contexts. Although
current biomonitoring techniques (such as the detection of plastics in blood) show
potential, they have not yet been standardized or validated for inferring neurotoxic risks
[24]. Research conducted on animals and in vitro indicates that NPs have the potential
to penetrate the blood—brain barrier; however, evidence about humans is still indirect,
scarce, and methodologically diverse [24].

2.8.2 Particle characterization, mechanistic clarity and causal pathways

Most studies frequently employ polystyrene beads, which fail to represent the diver-
sity found in the environment (including variations in polymer type, size range, shape,
additives, and weathering). In the absence of realistic particles and appropriate doses,
the translational relevance to neurodegeneration remains questionable [2]. Although
microplastics can elicit inflammatory responses, the specificity of cell types (microglia,
astrocytes, and neurons), the temporal dynamics, and the thresholds for chronic neuro-
inflammation in vivo remain inadequately understood [24].
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2.8.3 Oxidative stress, mitochondrial dysfunction and Gut-brain axis

Suggested connections between these factors necessitate dose—response mapping and
the demonstration of downstream neurodegenerative phenotypes in intact models that
accurately represent human ageing and comorbid exposures [24]. Microplastics have the
potential to modify gut physiology and microbiota; however, the causal relationships
linking alterations in the gut to central proteinopathy, neuroinflammation, and clinical
phenotypes (motor/cognitive) are predominantly hypothetical and have not been rigor-
ously examined in longitudinal studies [24].

2.8.4 Prospective cohorts with exposure metrics, confounding factors, exposures, and clinical
heterogeneity

Currently, there are no substantial, prospective human cohorts that incorporate vali-
dated measures of micro/nanoplastic exposure, neuroimaging, fluid biomarkers (such
as p-tau and neurofilament light), and clinical endpoints related to Parkinson’s or
Alzheimer’s diseases. The lack of temporality and measurable exposure impedes causal
inference [24]. Air pollution, metals, and organic pollutants can accompany microplas-
tics. Understanding their individual contributions and interactions regarding the risk of
neurodegeneration represents a significant gap [24]. Parkinson’s and Alzheimer’s exhibit
significant biological diversity. It is essential to conduct subtype-specific analyses (for
instance amyloid-driven versus tau-driven AD) to identify variations in susceptibility to
microplastic exposure [16, 24].

2.8.5 Methodology, standards gaps, and environmentally realistic dosing; Outcome measures,
toxicological and translational models

There is currently no agreement on the protocols for the detection, quantification, and
attribution of micro/nano plastics within human tissues (including the brain), nor is
there a consensus on artefact control during sampling and imaging.[16, 24]. Numer-
ous studies employ supra-physiological concentrations or monodisperse particles. It
is essential to establish exposure paradigms that accurately reflect the complexity and
chronic nature of real-world particles [16, 24]. The comparability of outcomes across
studies is constrained by the variability in endpoints (cell viability versus behavior, or
versus neuropathology). There is a notable absence of harmonised, tiered outcomes that
range from molecular signatures to clinical phenotypes.[24, 48].

2.8.6 Ageing, kinetics, BBB and disease models

The majority of experiments are conducted using young animals and involve brief expo-
sure periods. However, neurodegeneration develops over many years. There is a lack of
ageing models that incorporate long-term, low-dose exposure [24, 48].

In-vitro BBB models require validation when compared to in vivo kinetics for a variety
of particles and additives. This includes the examination of transport mechanisms (tran-
scytosis versus paracellular transport for instance) as well as the dynamics of retention
and clearance within the brain parenchyma [24, 48].

2.8.7 Additives, leachates and risk assessment, policy translation and Intervention evidence
The neurotoxic potential of plasticizers, flame retardants, and degradation byprod-
ucts may surpass that of the polymer itself. Their effects, both individually and in
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combination, remain insufficiently characterized [2, 48]. Currently, there are no estab-
lished threshold levels for neurotoxic risk associated with micro/nano plastics. It is
unfeasible to determine safe exposure benchmarks without reliable, cross-scale dose—
response data [24, 48].There are also deficiencies of trials or quasi-experimental studies
that demonstrate that decreasing microplastic exposure (whether dietary, occupational,
or environmental) results in alterations to neurobiomarkers or decelerates the progres-
sion of neurovegetative conditions in populations affected by PD or AD [24, 48].

2.9 Gaps and future directions: research, practice and policy

2.9.1 Confirmed human biomonitoring and longitudinal studies

Human biomonitoring (HBM) research has underscored the extensive daily exposure to
environmental chemicals. Certain chemicals are believed to play a role in negative health
effects, including reproductive, neurological, and metabolic disorders, as well as various
developmental and chronic impairments. A key aim of the H2020 European Human Bio-
monitoring Initiative (HBM4EU) was to create informative effect biomarkers that could
be utilized in a more systematic and standardized manner across large-scale European
HBM studies [49]. Standardized assays for the detection of micro/nanoplastics and addi-
tives in blood, cerebrospinal fluid, and postmortem brain should be implemented, along
with appropriate contamination controls [24, 48]. It is essential to integrate exposure
metrics with neuroimaging techniques (such as dopaminergic terminals and amyloid/
tau PET), fluid biomarkers, and clinical outcomes [24].

Furthermore, independent laboratories ought to replicate research on particle—protein
interactions (including a-synuclein, tau, and amyloid-f) under realistic conditions, while
considering the effects of additives. Furthermore, there have been suggestions to employ
both rodent and non-rodent models that accurately represent life-course exposures to
particle mixtures reflective of environmental conditions, thus demonstrating the mecha-
nistic validation of aging and chronic exposures [24, 48].

2.9.2 Human studies

Research involving direct human studies on the mechanistic connections between Par-
kinson’s disease, Alzheimer’s disease, and microplastics is notably scarce. The major-
ity of the evidence is derived from laboratory and animal studies, while human data is
predominantly confined to biomonitoring [50]. The investigation conducted by Zuri et
al. emphasises the biomonitoring findings of microplastics present in human blood and
stool, yet it highlights the lack of direct mechanistic studies involving humans [51]. Fur-
ther, the research by Elif Gecegelen et al. in 2025 advocates prospective human cohort
studies; at present, the evidence remains limited to indirect exposure estimates and bio-
monitoring [52].

2.9.3 Biomarker development

2.9.3.1 Neurodegenerative disease biomarkers (PD & AD) Despite consistent advance-
ments in the field of neurodegenerative research, several significant gaps persist. The
identification of reliable biomarkers for monitoring disease progression poses a chal-
lenge, especially when motor dysfunction overlaps with neuroinflammatory processes.
The objective of elucidating genotype—phenotype relationships and creating effective,
personalized interventions continues to be a considerable challenge within the realm of
movement and motor neuron disorders. In the meantime, dependable techniques for the



Nyarko et al. Discover Applied Sciences (2026) 8:533 Page 14 of 17

early detection of subtle neuropathological alterations in Alzheimer’s disease (AD) and
associated dementias have not yet been established, thereby restricting opportunities for
prompt therapeutic intervention [48, 53]. In another research done by Katherine Gong et
al,, the generated Novel plasma assays enabled accurate blood-based biomarkers for neu-
rodegenerative diseases with minimally invasive options for clinical use. They identified
proteins associated with disease status and AD-related phenotypes [54].

2.9.3.2 Microplastic exposure biomarkers Microplastics have been found in various
biological samples, including blood, stool, placenta, and, most recently, in postmortem
human brains [3, 5, 12]. Reviews indicate that oxidative stress markers (such as ROS and
glutathione depletion), neuroinflammatory cytokines, and signatures of protein aggrega-
tion (including amyloid-p and a-synuclein) may serve as potential points of overlap [48,
55]. Although these pathways intersect with the biology of PD and AD, there currently
exists no standardized biomarker assay that directly correlates microplastic burden with
the progression of neurodegenerative diseases [24].

2.9.4 Regulation and public health

Microplastics are increasingly recognised as a worldwide pollutant that poses potential
systemic health risks, including neurological hazards, thereby acknowledging micro-
plastics as a significant public health issue [2, 56]. Regulatory and allied organizations
such as the EU, WHO, as well as Centre for the Understanding of Sustainable Prosperity
(CUSP) stress the necessity for risk assessment frameworks; however, they have yet to
provide disease-specific guidelines for PD or AD, with regards to MPs and NPs [57, 58].
Also, Public health organizations advocate for the development of harmonized detection
methods to accurately quantify exposure and establish relevant thresholds for chronic
diseases [24, 58]. Further, regulatory frameworks have yet to incorporate these mecha-
nistic overlaps of oxidative stress, neuroinflammation, and protein misfolding into their

risk assessment processes [59].

3 Conclusion

The pervasive infiltration of microplastics (MPs) and nanoplastics (NPs) into the human
body represents a critical environmental risk factor for neurodegenerative diseases.
Evidence suggests these particles can breach the blood—brain barrier, triggering oxida-
tive stress, neuroinflammation, and protein aggregation—pathologies central to both
Alzheimer’s and Parkinson’s diseases.

While animal models provide strong biological plausibility for these mechanisms,
direct mechanistic evidence in humans remains limited to biomonitoring data. Future
research must prioritize standardized quantification methods and longitudinal studies
to confirm causality and define risk thresholds. Concurrently, immediate public health
policy is essential to mitigate the escalating global burden of plastic pollution and its
potential neurological consequences.
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