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Abstract

Micro- and nanoplastics (MNPs) are pervasive environmental contaminants with growing recognition as potential contribu-
tors to human disease. Widespread human exposure occurs primarily through ingestion of contaminated food and water, and
MNPs have been detected in multiple human tissues, including the gastrointestinal tract. Experimental evidence provides a
plausible biological basis for disease associations, including impairment of intestinal barrier integrity, activation of mucosal
immune pathways, and alteration of gut microbial communities caused by MNP exposure. Although human data remain
limited, early studies demonstrate MNP detection in stool and suggest potential correlations with inflammatory biomarkers
such as fecal calprotectin. These findings, together with mechanistic data from in vitro and animal models, raise concern that
MNP exposure represents a paradigm shift in the pathogenesis or modulation of inflammatory bowel disease (IBD); however,
methodological variability, small sample sizes, and contamination challenges currently limit definitive conclusions. The aim of
this review is to evaluate the current understanding of MNP exposure and its impact on intestinal health, particularly in rela-
tion to IBD. We synthesize mechanistic and early clinical evidence linking MNPs to IBD and highlight critical research gaps.
Future standardized exposure assessment, mechanistic validation in human systems, and longitudinal studies are essential to
clarify causal relationships. Given the modifiable nature of environmental plastic exposure, advancing this field may offer new
opportunities for IBD prevention and intervention.

Introduction has increased exponentially, with annual global production pro-
jected to reach 1.1 billion tons in 2025, with a consequent effect
resulting in over 12 billion tons of plastic waste accumulation in
landfills.? As plastic waste degrades in landfills, is dumped into

oceans, and is incinerated and aerosolized, these micro- and nano-

Plastic pollution is a pervasive environmental challenge with in-
creasing relevance to human health. Microplastics (MPs) and na-
noplastics (NPs) are defined as plastic particles <5 mm and <100
nm, respectively.! To put this in perspective, a pencil eraser is ap-

proximately 5 mm, whereas a single human hair follicle is 80,000
nm wide. Recognizably, the composition of plastics primarily in-
cludes synthetic polymers, which are widely used across the spec-
trum of products in daily use (Table 1).2 Although many plastic
products are deemed “recyclable,” in the United States less than
10% are actually recycled. Recognizably, global plastic production
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plastics (MNPs) seep into every aspect of the environment, includ-
ing water, soil, and air. The effect then is global, with uptake into
every aspect of terrestrial life.

The chemical stability, persistence, and small size promote
global dispersion and continuous human exposure through inges-
tion, inhalation, and dermal contact. Dietary exposure and gastro-
intestinal (GI) ingestion represent the dominant route, with MNPs
documented in virtually all food products and liquids.*3 Given rec-
ognition of this burgeoning issue and the significantly increasing
downstream human exposure, understanding the potential biologi-
cal effects of MNPs has become increasingly urgent.

Growing evidence demonstrates that MNPs are not confined
to the environment but accumulate within the human body. Ana-
lytical advances, including Raman and FTIR micro-spectroscopy,
pyrolysis-GC/MS, and fluorescence-based detection, confirm the
presence of MPs in human stool, blood, placenta, lung tissue, liver,

© 2026 The Author(s). This article has been published under the terms of Creative Commons Attribution-Noncommercial 4.0 International License (CC BY-NC 4.0), which
permits noncommercial unrestricted use, distribution, and reproduction in any medium, provided that the following statement is provided. “This article has been published
in Journal of Translational Gastroenterology at https://doi.org/10.14218/JTG.2025.00054 and can also be viewed on the Journal’s website
at https://www.xiahepublishing.com/journal/jtg”.


http://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.14218/JTG.2025.00054
https://crossmark.crossref.org/dialog/?doi=10.14218/JTG.2025.00054&domain=pdf&date_stamp=2026-03-08
https://orcid.org/0000-0002-8737-0711
https://orcid.org/0000-0002-8737-0711
https://orcid.org/0000-0002-8737-0711
mailto:dajevms@aol.com

J Transl Gastroenterol

Table 1. Common polymers
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Polymer Common products

Polyethylene*
Polypropylene*
Polystyrene*

Polyvinyl chloride
Polyethylene terephthalate  Bottles, food packaging, textiles
Polymethyl methacrylate Acrylic glass, lenses, sighage

Polycarbonate

Plastic bags, bottles, cups, jars, packaging films
Food containers, rope, automotive parts, textiles
Disposable utensils, packaging materials, foam cups

Pipes, vinyl flooring, synthetic leather, medical devices

Bottles, glass, helmets, medical equipment

Nylon Textiles, ropes, wound dressing, sutures, catheters, dental implants, packing material, automotive parts

Polytetrafluoroethylene

Nonstick cookware, electrical insulation, sutures, medical devices, industrial applications

*Denotes polymers most commonly produced. Adapted from Johnson et al.,? with modification.

and even brain samples.>® These findings support the ability of
particles, particularly NPs, to cross biological barriers, interact
with mucosal surfaces, and distribute systemically. The GI tract,
as the primary entry site of exposure, is uniquely positioned at the
interface between environmental particle load and host immune,
microbial, and epithelial systems.

Geographic, socioeconomic, and lifestyle factors further mod-
ify MP exposure, creating substantial variability across popula-
tions. Urbanization, industrial density, and waste-management
infrastructure strongly influence environmental MNP concentra-
tions, with higher airborne and waterborne levels documented in
densely populated and industrialized regions.! Coastal proximity
and local seafood consumption patterns further affect ingestion-
based exposure.? Individual behaviors such as bottled-water use,
reliance on packaged foods, and indoor MNP inhalation from
household dust contribute additional variability."® Emerging
environmental-health assessments also highlight marked differ-
ences in MP contamination of drinking water, soil, and air across
countries and income levels, reflecting socioeconomic inequities
in plastic production, use, and waste-management systems.!?
Together, these disparities underscore that exposure is neither
uniform nor random and emphasize the need for region-specific
environmental monitoring capable of linking exposure hotspots
with GI health outcomes.”

Mechanistic work from GI, respiratory, vascular, and placental
models provides strong biological plausibility for MNP-induced
injury. MPs have been shown to disrupt mucus membrane archi-
tecture, weaken epithelial tight junctions, induce oxidative stress
and mitochondrial dysfunction, alter cytokine signaling, and im-
pair host-microbe interactions.!' In the gut specifically, experi-
mental data demonstrate decreased microbial diversity, shifts in
key bacterial taxa, accumulation of potentially pathogenic organ-
isms, and enhanced inflammatory signaling. Additionally, MPs
have the capacity to adsorb environmental chemicals, plasticizers,
and microbial products, with delivery of these to organ systems,
with potent effects on epithelial permeability and immune activa-
tion. 1213

These mechanisms parallel established pathways in inflamma-
tory bowel disease (IBD), where genetic susceptibility, epithelial
barrier dysfunction, dysbiosis, and dysregulated immune respons-
es drive chronic inflammation. Patients with IBD exhibit baseline
defects in mucus composition, tight junction integrity, and micro-
bial homeostasis and thus may be especially vulnerable to environ-
mental insults such as MP exposure. Early translational evidence

supports this concern: a recent case—control study demonstrated
higher fecal MP concentrations in patients with IBD compared
with healthy controls, with correlations between MP burden and
disease activity.® Although causality has not been established, the
convergence of mechanistic plausibility, tissue-level detection, and
emerging human data suggests that MP exposure may represent a
novel modifier of intestinal inflammation.

Given the ubiquity of exposure and the GI tract’s central role in
ingested substance processing, understanding how MNPs interact
with mucosal biology is a critical area of investigation. Clarifying
these relationships may illuminate new environmental contributors
to IBD onset and flares, identify susceptible patient subgroups, and
inform strategies to mitigate exposure-related disease burden. Tak-
en together, these findings suggest that MNPs represent more than
passive environmental contaminants and may constitute a previ-
ously underrecognized focus of intestinal inflammation. Recogniz-
ing MNPs as such represents a paradigm shift in IBD research,
away from models predominantly focused on genetic susceptibil-
ity and building upon those centered around chronic, low-level
environmental exposures capable of damaging intestinal barrier
health, disrupting the gut microbiome, and dysregulating intesti-
nal immune response (Fig. 1). Within this paradigm, MNPs may
influence IBD not only by modifying disease activity in suscepti-
ble hosts but potentially by contributing to disease initiation, flare
dynamics, and variability in treatment response. Recognizing MP
exposure as a modifiable environmental factor has implications
for mechanistic investigation, prevention strategies, and transla-
tional efforts aimed at mitigating environmentally driven intestinal
inflammation. This review synthesizes current evidence on MNP
exposure, mechanistic pathways relevant to gut inflammation, and
emerging clinical data.

Mechanistic evidence: Biological basis for MNP and IBD

MNP-induced disruption of intestinal barrier integrity

Within this conceptual framework, MNPs are best understood not
as inert environmental byproducts, but as biologically active ex-
posures capable of perturbing epithelial barrier integrity, reshap-
ing the gut microbiota, and amplifying mucosal immune signaling,
core processes central to IBD pathophysiology. The intestinal bar-
rier is a multilayered and complex defense system composed of
the mucus layer, epithelial cells connected by tight junctions, and
underlying immune structures. Together, these components form
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Fig. 1. The emerging paradigm by which MNP exposure may contribute to IBD through effects on epithelial barrier integrity, microbiota composition, and
mucosal immune activation. IBD, inflammatory bowel disease; MNP, micro- and nanoplastic.

a highly selective interface permitting nutrient absorption while
preventing exposure of luminal microbiota and dietary antigens to
the mucosal immune system. Integrity of this barrier is paramount
for proper immune system regulation, and disruption triggers and
perpetuates intestinal inflammation, a hallmark of IBD.!"12 Over-
all, epithelial barrier dysfunction and altered mucus barrier in IBD
facilitate increased penetration of luminal antigens and microbes,
perpetuating inflammation. Environmental pollutants, including
MNPs, likely exacerbate these defects by penetrating mucus and
impairing epithelial cells, contributing to the pathogenesis and
severity of IBD.'#17 While TEER is commonly used to assess
epithelial integrity in vitro, more sensitive impedance-based ap-
proaches may capture additional aspects of barrier function and
detect subtler perturbations.

The integrity of the epithelial barrier is maintained by several
key components, including the mucus layer and underlying epithe-
lial tight junctions. The mucus layer, primarily composed of the
MUC2 mucus-secreting protein, serves as a first defense by physi-
cally separating bacteria from the epithelial cells. In IBD, defects
in this mucus layer allow bacteria to penetrate and contact the
epithelium, which is associated with disease severity and ongoing
inflammation. The normally dense, stratified inner colonic mucus
layer becomes damaged and thinner, contributing to immune acti-
vation and epithelial injury.'3

The epithelial tight junctions act to further regulate perme-
ability and prevent paracellular passage of luminal contents.
At the molecular level, tight junction integrity is maintained by
transmembrane and scaffolding proteins, including occludin and
zonula occludens-1, both of which are disrupted in inflammatory
states. Experimental models demonstrate that MNP exposure can
downregulate tight junction protein expression and alter junc-
tional organization, leading to increased paracellular permeability.
These effects appear to be mediated, in part, by oxidative stress
and pro-inflammatory cytokine signaling, mechanisms that over-
lap with established pathways of barrier dysfunction in IBD.!® In
IBD, these junctions are functionally impaired due to cytokine-
mediated disruption, particularly tumor necrosis factor-a, interleu-
kin (IL)-6, and IL-17, oxidative stress, microbial metabolites, and
genetic susceptibility.!1%20 Microbial components such as bacte-
rial flagellins also drive immune activation by stimulating innate
and adaptive immune responses through receptors such as Toll-like
receptor 5, contributing to chronic inflammation in genetically sus-
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ceptible hosts.?! Mononuclear phagocytes, including macrophages
and dendritic cells, normally help maintain barrier integrity and
immune balance but have been shown to contribute to chronic in-
flammation in IBD and may be especially influenced by environ-
mental factors like MPs.??

Collectively, insults to barrier integrity and promotion of in-
flammation contribute to increased intestinal permeability, or
“leaky gut.” This permeability exposes the immune system to lu-
minal contents such as microbial products and dietary antigens,
fueling dysregulated immune responses. Signaling pathways such
as IL-6/gp130/STAT3 normally function to maintain epithelial in-
tegrity during inflammation by regulating tight junction protein
expression and epithelial survival. Dysregulation of these path-
ways contributes to barrier breakdown in colitis models and IBD,
which MP-induced epithelial stress could potentially aggravate.?}
Therapeutic approaches like anti-tumor necrosis factor-o agents
can reduce inflammation and restore barrier function to some ex-
tent, underscoring the importance of epithelial integrity in disease
control.2*

Although direct evidence linking MNPs to IBD-specific epithe-
lial and mucus barrier dysfunction is still emerging, environmental
pollutants are known to impair epithelial barrier integrity, harm the
mucus layer, and promote gut dysbiosis, thereby exacerbating bar-
rier dysfunction and inflammation. These mechanisms offer oppor-
tunities to contribute to disease risk and progression in susceptible
individuals with IBD.'® While specific effects of MNPs on mucus
layer properties and intestinal permeability in IBD require further
research, similarities with heavy metals and other pollutants sug-
gest a plausible detrimental role via mucus penetration and barrier
disruption. Notably, MPs have been shown to act as adjuvants or
carriers of microbial components and toxins, potentially enhanc-
ing mucosal immune activation and barrier disruption analogous to
bacterial antigens.?5 Potentially, this would exacerbate the inflam-
matory milieu by increasing immune cell activation, cytokine re-
lease, and epithelial permeability, similar to mechanisms observed
in bacterial-mucosal interactions that provoke aberrant immune
responses in IBD.?6

Microbiota dysbiosis and metabolic consequences

The dynamic between the mucosal immune system and gut mi-
crobiota is critical for maintaining intestinal homeostasis, and any
perturbation by MPs might induce dysbiosis, further amplifying
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Fig. 2. Plausible effects of MNP-associated damage. IBD, inflammatory bowel disease; MNPs, micro- and nanoplastics; ROS, reactive oxygen species; SCFA,
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abnormal immune stimulation and cytokine cascade disruptions
associated with IBD.?7?8 MNP-induced dysbiosis has already been
linked to systemic sequelae such as neurodegenerative disease,
further supporting the widespread effects.?’ Although some stud-
ies show modest overall compositional changes, correlations have
been identified between specific MP polymers and bacterial genera
including Roseburia, Clostridium, and Prevotella, as well as al-
teration in the Firmicutes:Bacteroidetes ratio, a key component of
immune regulation.®?5 Additionally, MPs contribute to dysbiosis
through biofilm formation and antimicrobial resistance, acting as a
nidus for bacterial proliferation and promoting the spread of genes
involved in antimicrobial resistance and plastic breakdown.26-30-32
Chronic exposure-induced dysbiosis has been associated with re-
duction in short-chain fatty acids, including butyrate, a metabolite
essential for epithelial barrier integrity and immune regulation.
Impaired production of short-chain fatty acids has been linked to
increased mucosal cytokine production and dysregulation of im-
mune activity (Fig. 2).33 Exposure duration is a key factor in driv-
ing these harmful changes, with chronic exposure producing more
pronounced dysbiosis and identifying taxa that serve as biomark-
ers of MP toxicity.’

Immune activation, oxidative stress, and inflammation

Finally, particle size plays a significant role in determining the
impact of MNPs on the gut, exhibiting increased mobility, bio-
availability, and toxicity. The smaller size of NPs affords ease
of access through biological barriers, absorption across the gut
epithelium, and systemic distribution, including accumulation in
the liver, leading to both local and distant inflammation via the
gut-liver axis.'83435 MNPs disrupt gut microbiota, impair epithe-
lial homeostasis, and interact directly with cellular components,
causing oxidative stress, immune activation, and cellular injury.
While larger MPs typically produce localized mechanical irrita-

tion since they remain confined to the lumen, chronic ingestion
of either form reduces microbial diversity and promotes intestinal
inflammation. However, the deeper tissue penetration and higher
reactivity seen with NPs compared to MPs lead to more severe
effects.!’ NPs carry adsorbed toxic pollutants and leach plastic ad-
ditives, provoking inflammation by direct chemical toxicity to gut
tissues and microbes, amplifying their inflammogenic potential.
These mechanisms illustrate why NPs generate more severe intes-
tinal injury and inflammatory responses than larger MP particles,
raising particular concern for individuals with pre-existing barrier
defects such as IBD.10:18:31

In addition to particle size, studies demonstrate that poten-
tial harm from MPs varies substantially by polymer type, sur-
face chemistry, and degradation behavior. Polystyrene NPs, in
particular, have driven much of the available mechanistic insight
to date, though findings vary across experimental systems, par-
ticle sizes, and exposure conditions. They have been shown to
reduce microbial diversity and exacerbate intestinal inflamma-
tion primarily via dysbiosis.!? Plastics such as polystyrene and
polyethylene consistently induce high levels of intracellular re-
active oxygen species (ROS), mitochondrial depolarization, li-
pid peroxidation, and antioxidant depletion, all of which lead to
oxidative and cellular damage.3¢ Polyethylene terephthalate and
polyvinyl chloride particles also show similar oxidative damage,
though to a lesser degree. Similar to the potential for increased
microbial disruption, the smaller size of NPs carries the poten-
tial for more severe oxidative damage due to their high surface
area-to-volume ratio, increased cellular uptake, and adsorption
capacity. Oxidative stress is a well-recognized amplifier of the
intestinal inflammation often seen in IBD. ROS destabilize and
weaken the intestinal barrier and activate ROS-sensitive inflam-
matory pathways such as mitogen-activated protein kinase.®
These changes perpetuate the chronic inflammation characteriz-
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ing IBD and reflect the numerous opportunities for MNP expo-
sure to influence disease activity.

MNPs and IBD: Current literature and evidence

Human observational evidence

The body of research on MNPs and their impact on IBD is sparse;

however, current studies suggest potential associations between
MNP exposure and disease activity, as summarized in Table 2.
In IBD specifically, an observational study by Yan et al.® dem-
onstrated higher concentrations of MPs in feces in patients with
IBD compared to stool samples from patients without IBD. Fur-
thermore, their study suggests an association between fecal MP
concentration and disease severity, as indicated by the Harvey-
Bradshaw Index or Mayo score.” Another observational study by
Linares et al.,’7 evaluating patients with Crohn’s disease, found
that patients with active Crohn’s have significantly higher levels
of bisphenol A (BPA), a chemical commonly used in plastic manu-
facturing. The study also found that BPA levels were associated
with serum inflammatory markers and decreased levels of benefi-
cial gut metabolites. Furthermore, they found that patients with
colonic disease had higher BPA levels compared to those with il-
eal disease, suggesting a region-specific and anatomical impact of
MNP-associated additives.’” Recent human tissue-based analyses
have demonstrated direct accumulation of MPs within fibrotic ileal
segments and adjacent mesenteric adipose tissue in patients with
Crohn’s disease. MP burden was higher in fibrotic tissue and posi-
tively correlated with histologic severity of fibrosis, supporting an
association between tissue-level MP accumulation and severity of
disease.®

Preclinical and experimental evidence

The underlying pathophysiology of this association between
MNPs and IBD is not yet fully understood. Several animal and
experimental studies point to potential explanations, including oxi-
dative stress, alterations to the gut microbiome, and disruption of
intestinal barrier function.?**! In analyses of the human gut mi-
crobiome, patients with IBD are noted to have significant degrees
of dysbiosis and decreased microbial diversity. A study aimed at
evaluating MP exposure on the infant gut microbiome with an in
vitro colon model demonstrated increased growth of pathobionts in
the gut microbiome and lower butyrate production, a metabolite of
intestinal bacteria with anti-inflammatory properties thought to be
protective in IBD.#>#3 Additional evidence supporting the impact
of MPs on the gut microbiome comes from a quasi-experimental
study evaluating thermal exposure to disposable plastic tableware,
which demonstrated significant increases in fecal MPs and marked
shifts in gut microbial composition in healthy adults.** In these
patients, there was an increase in pro-inflammatory genera such
as Proteobacteria and Dorea, as well as a reduction in beneficial
genera Faecalibacterium and Roseburia. Faecalibacterium and
Roseburia are both important in the production of butyrate, and
decreased abundance has been associated with IBD.#?

Carcinogenesis and long-term risk (preclinical evidence)

Current evidence linking MNP exposure to carcinogenesis in IBD
is derived primarily from preclinical models, and its relevance to
human disease remains to be established. Chronic inflammation in
IBD already confers an increased risk of colorectal cancer (CRC),
and emerging evidence suggests that MNP exposure may further
potentiate this risk. Murine models of colitis-associated CRC have
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demonstrated that polystyrene NPs exacerbate tumor formation
through pathways such as induction of oxidative stress, mitochon-
drial dysfunction, and lipid peroxidation.* These particles disrupt
DNA repair checkpoints, promote genomic instability, and acti-
vate oncogenic signaling pathways such as phosphatidylinositol
3-kinase, AKT, and mammalian target of rapamycin, all of which
are highly relevant to IBD-associated carcinogenesis.** Given that
patients with IBD already experience cycles of epithelial damage
and repair, the addition of MNP-driven genotoxic stress may cre-
ate a biologically synergistic environment that could potentiate
neoplastic progression. While human data remain limited, these
preclinical findings underscore the urgent need to evaluate whether
chronic MNP exposure modifies CRC risk in IBD. These effects
appear most pronounced for NPs, given their high surface area and
adsorption capacity, underscoring the importance of particle size,
polymer composition, and co-adsorbed contaminants in shaping
long-term biological risk.

Studies with mouse models of IBD suggest worse outcomes
with MP exposure, evidenced by shorter colon length with histo-
pathologic evidence of injury and inflammation, decreased mucus
secretion, and increased permeability of the colon compared to
healthy controls.*® Further research is necessary to better under-
stand the impact of MNPs on IBD, including standardization of
methodological practices, quantifying MNP exposure, and longi-
tudinal monitoring of patient outcomes.

Future directions, challenges, and outlook

Future directions in MNPs and IBD pathogenesis

The investigation of environmental triggers such as MNPs in the
pathogenesis of IBD represents an emerging but increasingly im-
portant frontier that intersects mucosal immunology, toxicology,
and environmental health. Although current models of IBD em-
phasize the interplay of genetic susceptibility, epithelial barrier
dysfunction, microbiome alterations, and dysregulated immune re-
sponses, the contribution of MNP exposure remains under-charac-
terized. Future work must integrate MNPs into existing multifacto-
rial frameworks to clarify how chronic exposure influences disease
onset, flares, and progression. Mechanistic studies already suggest
that MNPs can disrupt barrier integrity, alter mucus structure,
modulate immune pathways, and drive dysbiosis, but translational
data remain limited. Multi-omics approaches, including genomics,
transcriptomics, proteomics, lipidomics, and microbiome profil-
ing, may help reveal exposure-related molecular signatures, iden-
tify susceptibility phenotypes, and uncover novel biomarkers of
MP-induced epithelial and immune stress.*”43

Key research challenges and opportunities

Addressing key knowledge gaps at the intersection of MNP ex-
posure and IBD will require integration of emerging analytical
and computational approaches. Multi-omics profiling, including
microbiome, metabolome, and host transcriptomic analyses, may
help link environmental exposure to functional epithelial and im-
mune perturbations, enabling identification of exposure-associated
molecular signatures. Advanced causal modeling frameworks that
integrate compositional microbiome data with clinical phenotyp-
ing could further clarify pathways connecting MNP exposure,
dysbiosis, and disease activity. In parallel, nanomedicine-based
strategies, including barrier-protective formulations or targeted an-
tioxidant delivery, may offer opportunities to mitigate MP-induced
epithelial and immune stress. Together, these approaches provide a
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roadmap for translating mechanistic insights into actionable expo-
sure assessment and intervention strategies.

A major priority for future research is to define dose—exposure
and temporal dynamics of MNP accumulation. Exposure begins
early in life, is continuous, and varies across dietary patterns, wa-
ter sources, and environments. Early-life exposure is particularly
relevant because neonatal and pediatric intestinal barriers remain
comparatively immature and more permeable, potentially increas-
ing susceptibility to MP penetration and immune priming.'?!3
Long-term cumulative exposure may also interact with age-related
changes in mucus thickness, epithelial turnover, and immune regu-
lation, which could partly explain differential vulnerability across
the lifespan.!>!3 Animal and ecotoxicology models consistently
demonstrate dose-response relationships between increasing MP
load and worsening epithelial injury, oxidative stress, and dysbio-
sis, but human thresholds for clinically meaningful risk are un-
known.'>!3 Longitudinal cohorts that integrate environmental ex-
posure data, dietary intake, and detailed IBD phenotyping will be
essential to move from association toward causality.

Clarifying whether polymer type and particle chemistry influ-
ence toxicity is another important direction. Different polymers,
such as polystyrene, polyethylene, polypropylene, polyvinyl chlo-
ride, and polyamide, exhibit distinct degradation behavior, surface
chemistries, and capacities to adsorb environmental pollutants
and microbial products. Polystyrene NPs, in particular, have been
shown in preclinical models to exacerbate colitis, induce epithelial
injury, and promote microbial dysbiosis.!® Other work highlights
the role of leached additives, including plasticizers and stabilizers,
and the intrinsic cellular toxicity of NPs, which can induce oxi-
dative stress, mitochondrial dysfunction, and genotoxicity in gut
and hepatic tissues.>!3? Future research should determine whether
certain polymers or additive combinations confer disproportion-
ate risk for mucosal injury or immune dysregulation, which could
inform regulatory policy and consumer-level exposure mitiga-
tion, 3132

A third major challenge is accurately quantifying MPs in the hu-
man GI tract. Current methodologies, including Raman and FTIR
micro-spectroscopy, pyrolysis—GC/MS, and fluorescent dye—based
imaging, each carry limitations related to particle-size detection,
contamination risk, and polymer misclassification.* Stool-based
measurements provide a practical, noninvasive index of luminal
exposure and have already been used to correlate fecal MP burden
with IBD status in case—control designs, but they do not capture
mucosal retention or systemic translocation.® Tissue-based analy-
ses and advanced imaging approaches capable of detecting NPs
remain technically demanding and lack standardization. A major
barrier to progress is the absence of harmonized reference ma-
terials, such as standardized particle-size distributions, polymer
compositions, and laboratory controls, as well as unified reporting
metrics across studies.%*¢ Establishing consensus standards will be
essential for reproducibility, cross-study comparison, and the de-
velopment of clinically meaningful exposure biomarkers.*®

Host susceptibility and therapeutic opportunities

Emerging research should also address host factors that may modi-
fy vulnerability to MNP-induced intestinal injury. Genetic variants
linked to epithelial integrity, mucin production, autophagy path-
ways, or innate immune signaling may influence how individuals
respond to chronic MP exposure, paralleling known susceptibility
pathways in IBD.!*16:22 Dietary components such as fiber, emulsi-
fiers, and high-fat content may alter MP aggregation, transit, or
absorption, potentially modifying inflammation risk, consistent
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with emerging data on diet-microbiome-barrier interactions in
IBD.1430 Medications used in IBD, such as corticosteroids and
JAK inhibitors, alter epithelial permeability and immune response
and could, in theory, interact with MP exposure to worsen barrier
dysfunction, although this remains hypothetical and has not yet
been directly studied in MP models.>%3! These intersections be-
tween host biology, environment, and therapeutics represent fertile
ground for biomarker discovery and personalized exposure-risk
prediction.

These mechanistic and methodological insights create opportu-
nities for therapeutic innovation. Nanomedicine strategies, includ-
ing orally delivered nanocarriers and polymer-based drug delivery
systems, are being developed to target inflamed gut segments and
may also be leveraged to counteract oxidative stress and immune
activation triggered by MNP exposure.3* Modulating the gut mi-
crobiota through targeted probiotics, prebiotics, synbiotics, or live
biotherapeutic products may help mitigate MP-induced dysbiosis,
restore barrier integrity, and dampen mucosal immune activation.5
Incorporating environmental exposure metrics, including MP bur-
den, into emerging precision-medicine frameworks for IBD may
allow identification of patients who are particularly susceptible to
MP-associated inflammatory exacerbations.*

In summary, the intersection of MNP exposure and IBD patho-
genesis presents substantial scientific and methodological chal-
lenges, but at present, there is clearly a need to recognize what
we know and what we do not know (Fig. 3a and b). Addressing
key gaps, including dose thresholds and timing, polymer-specific
toxicity, standardized quantification methods, host susceptibility
factors, and longitudinal human data, will be essential for defining
the clinical relevance of MNPs in IBD.%10:46

Limitations

While this review provides an overview of the potential links
between MNPs and IBD, several limitations should be acknowl-
edged. First, the current body of evidence primarily consists of ob-
servational studies and experimental models, with a lack of large-
scale, longitudinal human studies that could establish definitive
causal relationships. Furthermore, methodological variability, such
as differences in exposure quantification methods, particle charac-
terization, and contamination controls, limits the comparability of
results across studies. The small sample sizes in many human stud-
ies also hinder the ability to draw broad conclusions. Additionally,
while experimental models have provided valuable mechanistic
insights, they may not fully capture the complexity of human ex-
posure or the long-term effects of MNPs in real-world conditions.
Finally, the lack of standardized protocols for MP detection and
characterization remains a significant barrier to reproducibility and
to the development of clinically relevant biomarkers for exposure.

Conclusions

MNPs represent a pervasive and biologically active class of envi-
ronmental exposures with plausible relevance to IBD. Experimen-
tal evidence demonstrates that MNPs can disrupt epithelial barrier
integrity, promote dysbiosis, induce oxidative stress, and amplify
mucosal immune activation—mechanisms that closely parallel es-
tablished pathways in IBD pathogenesis. Emerging human data,
including detection of MPs in stool and intestinal tissue and as-
sociations with inflammatory markers and disease severity, further
support the need for focused investigation, although causality has
not yet been established.
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Fig. 3. What we know (a) and do not know (b) about MNPs in IBD. IBD, inflammatory bowel disease; MNPs, micro- and nanoplastics.

At present, substantial methodological and translational gaps
remain, including standardized exposure quantification, clarifica-
tion of polymer- and size-specific toxicity, and longitudinal human
studies capable of defining dose—response relationships and clinical
impact. Given the ubiquity of exposure and the modifiable nature
of plastic contamination, advancing this field holds implications
not only for mechanistic understanding but also for prevention,
risk stratification, and environmentally informed disease manage-
ment. Integrating environmental exposure science into IBD research
frameworks may ultimately broaden our understanding of disease
drivers and support more comprehensive approaches to patient care.
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