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ABSTRACT 

Research objectives: Micro- and nanoplastics (MNPs) are pervasive environmental contaminants that may affect 
gastrointestinal health. This narrative review aimed to evaluate current mechanistic, experimental, and human evidence 
concerning the potential relationship between MNP exposure and inflammatory bowel disease (IBD), including ulcerative 
colitis and Crohn’s disease. 
Methods: PubMed, Scopus, and Google Scholar were searched for human, animal, and in vitro studies investigating MNP 
exposure in IBD, experimental colitis, ileitis, intestinal inflammation, or mechanisms relevant to IBD pathogenesis. Studies 
addressing epithelial barrier dysfunction, mucus alterations, oxidative stress, immune activation, dysbiosis, and epithelial 
cell death were included. The evidence was synthesized descriptively because of substantial methodological heterogeneity. 
Key findings: Experimental studies indicate that MNPs can impair the intestinal mucus layer and epithelial junctions, 
increase permeability, promote oxidative and mitochondrial stress, activate inflammatory pathways, alter the gut microbiota 
and microbial metabolites, and disturb epithelial regeneration. In healthy animals, these effects were generally mild, 
subclinical, or inconsistent, and MNP exposure alone did not reliably produce an IBD-like phenotype. In contrast, most 
chemically induced colitis models showed greater mucosal injury, inflammation, permeability, delayed healing, fibrosis, or 
colitis-associated tumorigenesis after MNP exposure. Human studies reported higher fecal microplastic concentrations in 
IBD and associations with disease activity and Crohn’s disease-related fibrosis, but evidence remains limited. 
Conclusions: MNPs should currently be regarded as potential environmental modifiers of IBD rather than established 
etiological agents. Prospective studies using standardized exposure assessment and separate analyses of ulcerative colitis and 
Crohn’s disease are required to clarify causal relationships. 
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Introduction 

The rapid increase in plastic production over recent decades has rendered plastic pollution one of the 

most widespread environmental challenges globally. Approximately 8.3 billion metric tons of virgin plastics 

were produced worldwide between 1950 and 2015. Of the estimated 6.3 billion metric tons of plastic waste 

generated during this period, only about 9% was recycled [1]. The degradation of plastic products leads to the 

formation of microplastics (MPs), defined as plastic particles smaller than 5 mm, and nanoplastics (NPs), 

which constitute a smaller and potentially more bioavailable fraction capable of interacting with biological 

structures [2,3]. Collectively termed micro- and nanoplastics (MNPs), these particles are widely distributed 

across water, food, soil, and air, resulting in virtually unavoidable human exposure [3]. 

The gastrointestinal tract constitutes a primary route of human exposure to MNPs. Detection of MPs 

particles in human stool provides direct evidence of ingestion and transit through the digestive system [4]. A 

recent dietary intervention study identified MPs in all analyzed stool samples and indicated that plastic use 

during food packaging and preparation, as well as consumption of highly processed foods, may increase oral 

exposure [5]. Plastic particles have also been identified in human blood [6] and vascular tissue [7], indicating 

that some particles may traverse biological barriers and enter systemic circulation. Nevertheless, the clinical 

implications of their presence in human tissues remain unclear, and methodological limitations related to 

particle detection and sample contamination must be acknowledged. 

Inflammatory bowel disease (IBD), encompassing ulcerative colitis (UC) and Crohn’s disease (CD), 

consists of chronic, relapsing inflammatory disorders of the gastrointestinal tract. The pathogenesis of IBD 

involves complex interactions among genetic susceptibility, dysregulated immune responses, alterations in the 

intestinal microbiota, impairment of the epithelial barrier, and environmental exposures. The global burden of 

IBD has risen substantially, with prevalence exceeding 0.3% in many countries in Europe, North America, and 

Oceania, and incidence continuing to increase in newly industrialized regions [8]. According to the Global 

https://doi.org/10.31435/ijitss.4(52).2026.6481
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Burden of Disease Study, approximately 6.8 million individuals were living with IBD worldwide in 2017 [9]. 

The concurrent rise in IBD incidence and industrialization has intensified interest in environmental factors that 

may contribute to disease development or influence its clinical course [10]. 

MNPs are of particular relevance to IBD because the intestinal mucosa is directly and repeatedly 

exposed to ingested particles. Environmental factors are increasingly recognized as important modifiers of 

disease initiation, activity, progression, and treatment response in IBD [11]. Experimental studies indicate that 

MNPs can interact with the intestinal mucus layer, disrupt epithelial tight junctions, increase intestinal 

permeability, induce oxidative and mitochondrial stress, activate inflammatory signaling pathways, and alter 

the composition and metabolic activity of the gut microbiota [12]. These mechanisms overlap with those 

implicated in the pathogenesis of UC and CD. Furthermore, an inflamed or permeable intestinal barrier may 

facilitate particle retention or translocation, suggesting a potentially bidirectional relationship between MNP 

exposure and intestinal inflammation. 

However, the current body of evidence is heterogeneous and is derived primarily from in vitro 

experiments and animal models employing various polymers, particle sizes, doses, and exposure durations. 

Human studies remain limited and do not yet clarify whether MNP exposure contributes to the development 

or exacerbation of IBD, or whether intestinal inflammation itself promotes particle accumulation and excretion. 

Therefore, this narrative review aimed to summarize and critically evaluate the available mechanistic, 
experimental, and human evidence regarding the potential relationship between MNP exposure and IBD, with 

particular emphasis on intestinal barrier dysfunction, oxidative stress, immune activation, microbiota 

alterations, epithelial injury, and differences between UC and CD. 

Methodology 

A narrative literature search was performed using PubMed, Scopus, and Google Scholar. The search 

strategy incorporated terms related to MNPs, such as “microplastic”, “microplastics”, “nanoplastic”, 

“nanoplastics”, “micro- and nanoplastics”, and “MNPs”, in combination with terms associated with 

inflammatory bowel disease and experimental intestinal inflammation, including “inflammatory bowel 

disease”, “IBD”, “ulcerative colitis”, “Crohn’s disease”, “colitis”, “ileitis”, “intestinal inflammation”, “animal 

model”, “DSS-induced colitis”, and “TNBS-induced colitis”. 

Human, animal, and in vitro studies were included if they directly investigated the relationship between 

MNP exposure and IBD, intestinal inflammation, or experimental models of colitis and ileitis. Studies 

examining mechanisms relevant to IBD pathogenesis, including epithelial barrier dysfunction, oxidative stress, 

immune activation, dysbiosis, mucus alterations, and epithelial cell death, were also considered. Articles were 

excluded if they were not relevant to the gastrointestinal effects of MNPs, did not provide sufficient 

information on the investigated outcomes, or focused exclusively on environmental detection methods without 

assessing biological effects. 

A total of 23 studies directly examining MNPs in IBD, intestinal inflammation, or related experimental 

models were included as the primary evidence base. An additional 20 mechanistic studies not directly focused 

on IBD were incorporated to provide supporting evidence and enhance understanding of the potential 

biological pathways linking MNP exposure with IBD development or exacerbation. Owing to the narrative 

nature of the review and considerable methodological heterogeneity among the included studies, the evidence 
was synthesised descriptively without a meta-analysis. 
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1. Biological Mechanisms Linking MNPs with Intestinal Inflammation 

Studies identified in this review showed that MNPs influence gut homeostasis, specifically toward IBD 

or its animal models, through numerous mechanisms. These mechanisms could be categorized into groups: 1. 

interaction with the intestinal mucus layer, 2. intestinal epithelial barrier dysfunction, 3. oxidative stress and 

mitochondrial dysfunction, 4. immune activation, 5. the gut microbiota and microbial metabolites, and 6. 

abnormal epithelial regeneration and cell death. Below, we review each of these mechanisms individually. 

1.1. Interaction with the intestinal mucus layer 

The intestinal mucus layer serves as the primary barrier that separates luminal particles and 

microorganisms from the epithelial surface. MUC2, the major structural component of this layer, is secreted 

by goblet cells. Consequently, alterations in mucin production, goblet-cell differentiation, or mucus 

composition can increase epithelial exposure to MPs. 

Research in healthy mice has generally demonstrated reduced mucus secretion following oral exposure 

to polystyrene microplastics (PS-MPs) or polyethylene microplastics (PE-MPs) [13–15]. Lu et al.[13] reported 

decreased Alcian blue–periodic acid–Schiff (AB-PAS)  - positive mucus and reduced expression of Muc1 and 

Klf4, while Muc2 exhibited only a non-significant downward trend [13]. Jin et al. identified broader 

transcriptional changes: Muc1 and Klf4 were downregulated at both exposure levels, and high-dose exposure 

further reduced Muc2 and Retnlb; Muc3 and Meprin-β also tended to decrease [14]. In contrast, Sun et al. 

observed a significant reduction in mucin density despite a non-significant increase in MUC2 mRNA [15]. 

These findings indicate that histological mucus depletion does not always correspond to reduced Muc2 

transcription and may result from impaired mucin processing, secretion, or increased degradation. 

The impact of MPs may also extend to alterations in mucus composition and goblet-cell function. 

Zolotova et al. found that PS-MPs increased the content of highly sulfated mucins in healthy mice, without 

significantly affecting neutral mucins or goblet-cell abundance, although a downward trend in goblet-cell 

numbers was noted [16]. This increase in sulfated mucins may represent an adaptive response, as these mucins 

are more resistant to bacterial degradation. Conversely, Xie et al.[17] reported a reduction in goblet-cell 

number, which was associated with excessive crypt-cell proliferation and activation of the Notch pathway, 

suggesting disrupted differentiation of epithelial progenitor cells into mucus-producing goblet cells [17]. 

These alterations are particularly significant in the context of colitis. In models of dextran sulfate sodium 

(DSS) - induced acute and chronic colitis, additional PS-MP exposure exacerbated mucus-layer damage and 

reduced mucin coverage, whereas MPs alone caused relatively limited intestinal changes [18]. Sung et al.[19] 

reported that the group receiving both DSS and high-dose MP supplementation exhibited lower Muc2 levels 

compared to the DSS-only group [19]. Similarly, Xie et al.[17] associated goblet-cell depletion and impaired 

epithelial renewal with a more severe course of experimental colitis [17]. Zolotova et al. [16] observed that 

both DSS groups had fewer goblet cells, but MPs did not significantly intensify this reduction relative to DSS 

alone. However, neutral mucin content was significantly lower in the MP-plus-DSS group, while highly 

sulfated mucins remained unchanged [16]. 

In summary, MPs may compromise the mucus barrier by reducing mucus secretion [13–15,18], altering 

the expression of Muc1, Muc2, Klf4, and other mucus-associated genes [13,14], disrupting goblet-cell 

differentiation [17], and modifying mucin composition [16]. However, the findings are not entirely consistent, 

particularly with respect to Muc2 expression and goblet-cell abundance. The consequent functional weakening 

of the mucus layer may facilitate contact between particles and the epithelium, although direct penetration of 

MPs through colonic mucus was not evaluated in the studies reviewed. 

1.2. Intestinal epithelial barrier dysfunction 

Experimental studies demonstrate that MNPs impair the intestinal epithelial barrier by altering tight 

junction proteins and increasing paracellular permeability. In healthy mice, exposure to polystyrene 

nanoplastics (PS-NPs) or PS-MPs reduces the expression of zonula occludens-1 (ZO-1), occludin, and claudin-

1, resulting in epithelial injury and increased intestinal permeability [20–22]. These effects are generally dose-

dependent. However, at the lowest PS-NPs concentration, Li et al. [20] observed a reduction only in occludin, 

while ZO-1 and claudin-1 remained unchanged [20]. Chen et al., at the lowest PS-NPs concentration, showed 

https://www.zotero.org/google-docs/?vZCllY
https://www.zotero.org/google-docs/?I0qngz
https://www.zotero.org/google-docs/?PXHrYg
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a reduction only in claudin-1 [22]. Additionally, Zeng et al. reported that 5-µm particles caused greater 

junctional damage than smaller particles, indicating that toxicity is not determined solely by particle size [21]. 

The underlying mechanism involves oxidative stress and activation of the nuclear factor kappa B (NF-

κB)/NLRP3/ interleukin-1β (IL-1β)/ myosin light-chain kinase (MLCK) pathway, which promotes disruption 

of tight junctions and increases epithelial permeability [21,22]. Chen et al. [22] further demonstrated that 

reduced expression of ZO-1, occludin, and claudin-1 is associated with increased serum lipopolysaccharide 

(LPS), indicating enhanced translocation of bacterial products through the compromised barrier [22]. 

These effects are particularly relevant in IBD. In DSS-induced acute and chronic colitis, PS-MPs further 

reduced claudin-1 and occludin expression, increased intestinal permeability and serum LPS, and aggravated 

both epithelial and histological damage [18]. However, in this study, PS-MPs alone produced only minor 

effects in healthy mice [18], contrasting with other experiments that demonstrated clear barrier injury in the 

absence of pre-existing colitis [20–22]. This discrepancy may be attributable to differences in particle size, 

dose, exposure duration, or the specific intestinal segment assessed. 

Sung et al. similarly demonstrated that PE-MPs aggravated DSS-induced colitis and decreased ZO-1 

and occludin protein levels [19]. The authors also observed reduced E-cadherin expression, suggesting that 

MPs may impair both tight junctions and adherens junctions [19]. Notably, changes in mRNA and protein 

expression were not always consistent. ZO-1 protein levels decreased despite the absence of a significant 
additional reduction in its mRNA, indicating that post-transcriptional mechanisms may contribute to junctional 

damage [19]. 

Collectively, the available evidence indicates that MNPs weaken the epithelial barrier by 

downregulating or dysregulating ZO-1, occludin, claudin-1, and E-cadherin, resulting in increased intestinal 

permeability. In IBD, the presence of an already compromised barrier may heighten susceptibility to plastic 

particles, while additional junctional disruption may facilitate the translocation of LPS and other luminal 

antigens, thereby amplifying intestinal inflammation [16,18,19,22]. 

1.3. Oxidative stress and mitochondrial dysfunction 

Oxidative stress is considered a principal mechanism underlying micro- and nanoplastic (MNP)-induced 

intestinal toxicity. In healthy mice, polystyrene (PS) particles increased reactive oxygen species (ROS) 

production throughout the duodenum, jejunum, ileum, and colon, with 50-nm particles generally exerting 

stronger effects than 500-nm particles. Co-exposure to both particle sizes further enhanced ROS generation 

and epithelial apoptosis. Antioxidant treatment reduced ROS levels, apoptosis, and intestinal permeability, 

supporting a causal relationship between oxidative stress and barrier injury [23]. 

Comparable effects were observed following exposure to polypropylene microplastics (PP-MPs). PP-

MPs increased malondialdehyde (MDA) levels, indicating enhanced lipid peroxidation, and reduced 

glutathione (GSH), superoxide dismutase (SOD), glutathione peroxidase (GSH-Px), and catalase levels. These 

biochemical changes were accompanied by mitochondrial swelling, vacuolisation, loss of matrix, and 

disorganisation of mitochondrial cristae in colonic epithelial cells [24]. Smaller 8-µm PP particles generally 

induced greater oxidative and mitochondrial damage than 70-µm particles [24]. Furthermore, PP-MPs 

activated the mitochondrial apoptotic pathway, as evidenced by increased Bax, cleaved caspase-9, and cleaved 

caspase-3 levels, together with reduced Bcl-2 expression [24]. In human intestinal organoids, PS particels 

similarly increased ROS levels, reduced mitochondrial membrane potential, induced deoxyribonucleic acid 
(DNA) damage and epithelial-cell death, and impaired epithelial proliferation and maturation. Nanoscale 

particles were more toxic than microscale particles [25]. 

The relevance of these mechanisms to IBD is supported by studies employing inflamed or IBD-like 

intestinal models. In DSS-induced acute and chronic colitis, PS-MPs alone produced limited effects in healthy 

mice but significantly aggravated epithelial injury, inflammation, and intestinal permeability in animals with 

pre-existing colitis [18]. Although this study did not directly measure ROS, lipid peroxidation, or 

mitochondrial function, the findings suggest that an already inflamed intestine may be particularly susceptible 

to MNP-associated cellular stress [18]. 

More direct evidence was obtained using a model of Crohn’s ileitis-like injury. Approximately 100-nm 

PS-NPs accumulated in mitochondria, increased mitochondrial ROS, reduced mitochondrial membrane 

potential, and caused membrane rupture, cristae disruption, and mitochondrial vacuolization [26]. 

Mitochondrial damage activated PTEN-induced kinase 1 (PINK1)/Parkin-dependent mitophagy. However, 
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lysosomal deacidification impaired autophagosome–lysosome fusion, resulting in increased autophagosome 

formation, reduced autolysosome formation, and accumulation of damaged mitochondria [26]. Restoration of 

mitophagic flux with rapamycin reduced epithelial-cell necrosis, indicating that mitophagy initiation may be 

protective, whereas failure to complete mitochondrial degradation promotes cell death [26]. 

The reported forms of epithelial-cell death varied between studies. Liang et al., Jia et al., and Xue et al. 

predominantly observed apoptosis associated with ROS production and mitochondrial dysfunction [23–25], 

whereas Xu et al. [26] found that PS-NPs primarily induced receptor-interacting serine/threonine-protein 

kinase 3 (RIPK3)/mixed lineage kinase domain-like pseudokinase (MLKL) - dependent necroptosis rather than 

apoptosis [26]. These findings are not necessarily contradictory and may reflect differences in particle size, 

polymer type, surface functionalisation, intestinal segment, exposure conditions, and experimental model. 

Collectively, the available evidence supports a mechanism in which MNP-induced ROS production, impaired 

antioxidant defence, lipid peroxidation, and mitochondrial damage result in defective mitochondrial quality 

control and epithelial-cell death. In the context of IBD, these processes may amplify pre-existing oxidative 

and inflammatory injury and further compromise the intestinal barrier [18,23–26]. 

1.4. Immune activation 

Experimental studies indicate that MNPs can activate intestinal immune responses, although the 

magnitude of this effect varies considerably. In healthy rats, prolonged exposure to PS-MPs increased 

inflammatory-cell infiltration and colonic levels of IL-1β, IL-6, and tumor necrosis factor alpha (TNF-α) 

through activation of the Toll-like receptor 4 (TLR4)/ myeloid differentiation primary response 88 

(MyD88)/NF-κB/ cyclooxygenase-2 (COX-2) pathway [27]. PS-MPs were also shown to induce oxidative 

stress and inflammation through the ROS-dependent NF-κB/NLRP3/IL-1β/MLCK pathway, with antioxidant 

treatment and inhibition of NLRP3 or MLCK attenuating these effects [21]. Thus, despite differences in 

upstream signalling, NF-κB appears to be a central mediator of MP-induced intestinal inflammation [21,27]. 

However, immune activation in healthy animals was not consistently observed. Xie et al. reported only 

modest increases in colonic IL-1β and IL-6, without comparable changes in the jejunum or liver [17]. Similarly, 

long-term exposure to polymethyl methacrylate nanoplastics (PMMA-NPs) did not induce spontaneous 

colonic inflammation in healthy mice [28]. These discrepancies may reflect differences in polymer type, 

particle size, dose, exposure duration, and tissue accumulation [17,21,27,28]. 

Direct macrophage activation has nevertheless been demonstrated in vitro. PMMA-NPs and PS-NPs 

were internalized by bone-marrow-derived macrophages and increased the expression of Tnfa, Il6, and Il12b, 

while changes in Cd80 and Cd86 depended on particle size and exposure duration [28]. These findings indicate 

that NPs can directly modify macrophage function, although such responses do not necessarily translate into 

overt intestinal inflammation in vivo [28]. 

The immunological effects of MNPs were more pronounced in animals with pre-existing intestinal 

injury. PS-MPs aggravated DSS-induced colitis, increasing weight loss, diarrhoea, bloody stools, histological 

damage, and inflammatory responses [17]. In acute and chronic colitis, exposure increased the expression of 

Il1b, Il6, Tnfa, Tgfb, Mcp1, Nfkb, Nos2, Cox2, Tlr4, Il17a, and Il22 [18]. Acute colitis was associated with 

more pronounced systemic cytokine changes, whereas chronic exposure predominantly resulted in persistent 

local immune activation, including elevated serum LPS and colonic Il17a and Il22 expression [18]. 

In chronic colitis, 100-nm PS-NPs increased inflammatory-cell infiltration, enhanced Tnfa expression, 
reduced Il10, and activated the mitogen-activated protein kinase (MAPK) pathway through phosphorylation 

of extracellular signal-regulated kinases 1 and 2 (ERK1/2), c-Jun N-terminal kinase (JNK), and p38 [29]. These 

findings suggest that MAPK signalling may act alongside NF-κB- and NLRP3-dependent pathways [21,27,29]. 

Macrophage recruitment and polarization may also contribute to MNP-associated inflammation. 

Exposure to mixed PS particels increased colonic murine macrophage marker F4/80-positive macrophages and 

pro-inflammatory inducible nitric oxide synthase (iNOS) - positive cells, while Arg1-positive cells remained 

largely unchanged [30]. Proteomic analysis identified enrichment of M1 macrophage and neutrophil signatures 

[30]. In human peripheral blood mononuclear cells (PBMCs) -derived macrophages, smaller PS-NPs were 

internalized more efficiently, reduced cluster of differentiation 206 (CD206) and programmed death-ligand 1 

(PD-L1), and increased the pro-inflammatory marker 4-1BBL [30]. Together with the findings of 

Schwarzfischer et al., these results suggest that MNPs may promote a pro-inflammatory macrophage 

phenotype [28,30]. 
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Evidence concerning adaptive immunity remains limited. Increased Il17a and Il22 expression and the 

presence of lymphocytes in inflammatory infiltrates suggest possible involvement of IL-17- and IL-22-

producing cells [18,30]. However, direct effects on Th1, Th2, Th17, regulatory T cells, or B cells have not 

been established. 

Most studies indicate that MNPs intensify inflammation in DSS-induced or IBD-like models [17,18,29–

31]. Nevertheless, long-term PMMA-NP exposure did not exacerbate acute DSS colitis despite pro-

inflammatory macrophage responses in vitro [28], while Kopatz et al. observed macrophage infiltration and 

polarization but only a non-significant increase in overall histological severity [30]. Therefore, MNP-induced 

immune activation is not universal and depends on particle properties, exposure conditions, and the severity 

of underlying intestinal inflammation [17,18,28–31]. Overall, MNPs may amplify inflammation in susceptible 

intestines through TLR4/NF-κB/COX-2, NF-κB/NLRP3/IL-1β, and MAPK signalling, accompanied by 

cytokine production and pro-inflammatory macrophage polarization [18,21,27,29,30]. 

1.5. Gut microbiota and microbial metabolites 

Experimental studies indicate that MNPs can alter the composition and metabolic activity of the gut 

microbiota. In healthy mice, PS-MPs affected microbial diversity and the abundance of multiple bacterial taxa 

[13,14,32–34]. However, the direction of these changes was inconsistent. Lu et al. reported decreased 

Firmicutes, Oscillospira, and Anaerostipes, with increased Bifidobacterium [13], whereas Jin et al. observed 

reductions in Actinobacteria, Bifidobacterium, Lachnospira, and Blautia [14]. Tu et al. found increased 

Firmicutes, Lachnospiraceae, and microbial diversity [34], while other studies reported reduced diversity or 

no change in α-diversity [32,33,35]. These discrepancies may reflect differences in particle characteristics and 

exposure conditions. 

Despite heterogeneous taxonomic findings, MNP exposure frequently reduced bacteria involved in 

short-chain fatty acid (SCFA) production, including Lachnospiraceae_NK4A136_group, Roseburia, 

Butyricicoccus, Anaerotruncus, and Ruminiclostridium [32,33]. PS-MPs also decreased fecal acetate, 

propionate, butyrate, and isobutyrate concentrations [34]. Notably, reduced SCFA levels occurred despite 

increased abundance of some SCFA-producing taxa, indicating that bacterial abundance may not directly 

reflect metabolic activity [34]. 

MNPs may also disrupt bile acid and lipid metabolism. PS-MPs exposure altered hepatic bile acid 

accumulation and the concentrations of taurocholic and muricholic acids [32–34]. However, results were 

inconsistent: Cyp7a1 expression was increased in one study [14] but inhibited in another, together with 

increased CYP8B1 and CYP27A1 expression and reduced bile acid transport through multidrug resistance-

associated protein 2 and 3 (MRP2 and  MRP3), and bile salt export pump (BSEP) [32]. Similarly, fecal 

taurocholate was increased by Tu et al. [34] but decreased by Jiang et al. [32]. PS-MPs also altered triglyceride 

and cholesterol concentrations and lipid-synthesis-related genes, although a causal link between dysbiosis and 

these systemic effects has not been established [13,32,34]. 

The relevance of these alterations to IBD was demonstrated by Zhai et al. Polydisperse PS-MPs reduced 

Lachnospiraceae_NK4A136_group and butyrate concentrations, inhibited peroxisome proliferator-activated 

receptor gamma  (PPARγ) signalling, and impaired mucus homeostasis without causing overt inflammation in 

healthy mice. However, they exacerbated DSS-induced colitis, while microbiota depletion eliminated this 

effect. Fecal microbiota transplantation transferred susceptibility to colitis, whereas butyrate supplementation 
attenuated inflammation through PPARγ activation [36]. These findings support a causal microbiota–butyrate–

PPARγ pathway linking MP exposure with increased susceptibility to intestinal inflammation. 

Environmentally derived polyvinyl chloride (PVC) fragments also aggravated chronic DSS-induced 

colitis and fibrosis. These effects were associated with increased Parasutterella, Clostridium sensu stricto 1, 

Colidextribacter, and Dubosiella, reduced Lactobacillus, and enrichment of a predicted isopropanol 

biosynthesis pathway [35]. However, the causal roles of these taxa and metabolites have not been confirmed. 

Overall, MNPs produce heterogeneous changes in microbial composition but may consistently disturb SCFA, 

bile acid, and lipid metabolism, potentially increasing susceptibility to microbiota-dependent inflammation in 

IBD [35,36]. 
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1.6. Abnormal epithelial regeneration and cell death 

MNPs may disrupt intestinal epithelial renewal by altering the balance between crypt-cell proliferation 

and differentiation. In healthy mice, exposure to 5-µm PS-MPs increased crypt number and depth, as well as 

the expression of intestinal stem-cell markers, proliferating cell nuclear antigen (PCNA), and c-Myc, while 

reducing goblet-cell numbers. Organoid experiments attributed these effects to excessive Notch activation, 

which suggests a shift toward epithelial overproliferation and impaired secretory differentiation [17]. 

The relevance of this mechanism to IBD is complex because Notch signaling can have both harmful and 

protective effects. Increased Notch activity, enhanced epithelial proliferation, and goblet-cell depletion have 

been observed in DSS colitis models and in the crypts of patients with UC [37]. In contrast, inhibition of Notch 

signaling during the regenerative phase exacerbated colitis by impairing epithelial repair, while deletion of the 

epithelial Rbpj gene halted crypt-cell turnover, increased bacterial translocation, and induced chronic colitis 

[37,38]. Therefore, excessive or prolonged Notch activation may promote abnormal proliferation, whereas 

insufficient signaling impairs effective epithelial regeneration [17,37,38]. 

NPs may also increase epithelial cell loss via RIPK3/MLKL-dependent necroptosis. Exposure to 

approximately 100-nm PS-NPs induced Crohn’s ileitis-like lesions in mice and activated RIPK3 and MLKL 

in ileal epithelial cells and Caco-2 cells. Necrosis increased without a corresponding rise in apoptosis, 

particularly following exposure to aminated PS-NPs [26]. Mechanistically, NPs accumulated in mitochondria 

and lysosomes, induced mitochondrial damage, and inhibited mitophagic flux. Treatment with rapamycin 

partially reduced epithelial necrosis [26]. 

This mechanism is relevant to IBD, as increased levels of RIPK3 and phosphorylated MLKL (MLKL) 

have been detected in inflamed intestinal biopsies from patients with CD and UC. Activation of RIPK3/MLKL 

increased the expression of IL-1, IL-8, IL-33, high-mobility group box 1 (HMGB1), NF-κB signaling, and 

NLRP3 inflammasome activity, while reducing the levels of E-cadherin, occludin, and ZO-1. Administration 

of necrostatin-1 attenuated these effects, supporting a role for necroptosis in sustaining inflammation and 

barrier dysfunction [39]. 

Repeated cycles of epithelial cell death followed by compensatory proliferation may establish a 

microenvironment that promotes chronic inflammation and neoplastic transformation [40]. In an 

azoxymethane (AOM)/DSS model, exposure to PS-MPs increased tumor number, tumor prevalence, and local 

inflammatory infiltration [41]. However, PS-MPs did not significantly affect Mki67 or Bax expression [41], 

which contrasts with the epithelial overproliferation reported by Xie et al. [17]. These differences may result 

from distinct models, exposure durations, intestinal regions, and measured endpoints. Consequently, although 

MNPs may contribute to colitis-associated carcinogenesis, direct evidence linking them to altered proliferation 

or apoptosis remains limited and partially inconsistent [40,41]. 

Taken together, the available evidence suggests that MNPs can disrupt intestinal homeostasis in 

previously healthy models, but their adverse effects are generally more pronounced in the presence of pre-

existing inflammation or IBD-like injury. A comparative summary of these effects across the six discussed 

mechanisms is presented in Table 1. 
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Table 1. Comparative effects of MNPs on intestinal homeostasis in healthy models and models with pre-existing 

intestinal inflammation 

 

Comparative effects of MNPs in healthy and IBD-like intestinal models 

Mechanism Healthy intestinal models IBD-like/inflamed models 

Mucus layer 
Reduced mucus secretion and altered 

mucin expression or goblet-cell 

function. 

Greater mucus depletion and reduced 

mucin coverage. 

Epithelial barrier 
Decreased ZO-1, occludin and 

claudin-1; increased permeability. 
Further junctional damage, LPS 

translocation and epithelial injury. 

Oxidative stress 
Increased ROS, lipid peroxidation 

and mitochondrial dysfunction. 

Stronger mitochondrial injury, 

impaired mitophagy and epithelial-

cell death. 

Immune activation 
Usually mild or variable cytokine 

and NF-κB/NLRP3 activation. 

Pronounced cytokine production, 

inflammatory infiltration and 

macrophage activation. 

Gut microbiota 
Dysbiosis and reduced SCFA-

producing bacteria and metabolites. 

Microbiota-dependent worsening of 

colitis, including disruption of the 

butyrate–PPARγ axis. 

Regeneration and cell death 
Abnormal crypt proliferation, 

impaired differentiation and 

apoptosis. 

Impaired epithelial repair, 

necroptosis and possible promotion 

of colitis-associated carcinogenesis. 

 

Abbreviations: IBD, inflammatory bowel disease; LPS, lipopolysaccharide; ROS, reactive oxygen 

species; SCFA, short-chain fatty acid 

2. Evidence from Experimental Models 

2.1. Effects of MNPs in animals without pre-existing intestinal inflammation 

Studies in animals without pre-existing intestinal inflammation provide inconsistent evidence that MNPs 

alone can induce clinically significant intestinal disease. Reported effects include dysbiosis, mucus and barrier 

impairment, histological injury, and inflammatory-cell infiltration. However, most studies did not observe the 

full phenotype of experimental colitis, including substantial weight loss, diarrhoea, rectal bleeding, colon 

shortening, ulceration, or extensive crypt destruction [13,14,21,33,35,42–44]. Thus, MNPs appear more likely 

to disturb intestinal homeostasis and induce low-grade inflammation than to independently cause an IBD-like 

condition. 

In healthy mice, PS-MPs reduced mucus secretion and altered microbial composition without inducing 

overt colitis [13]. Similar exposure produced mucus depletion, dysbiosis, and metabolic abnormalities, with 
stronger effects on MUC2 expression and intestinal transport at higher concentrations [14]. Nevertheless, 

neither study demonstrated clinical or histological changes comparable to DSS-induced colitis [13,14]. Dose 

was an important determinant: PE-MPs caused microbiological and immunological alterations at several 

exposure levels, whereas significant colonic and duodenal inflammation was primarily observed at the highest 

dose [42]. 

Particle characteristics also influenced toxicity. Aminated PS particles caused greater gastrointestinal 

injury than carboxylated or pristine particles, indicating that surface reactivity may be as important as polymer 

type or particle size [33]. Exposure duration was similarly relevant. Long-term PS-MPs administration 

produced dysbiosis, increased permeability, and tissue inflammation [44], whereas a comparison of 14- and 

28-day exposures showed that barrier dysfunction, mucin and claudin-1 depletion, leukocyte infiltration, and 

immune abnormalities became more pronounced over time [45]. These findings suggest that prolonged 

exposure may overcome initially limited or compensatory responses [44,45]. 

The relationship between particle size and intestinal toxicity was not linear. Although smaller particles 

produced stronger effects in some experiments [45], 5-µm PS-MPs caused greater barrier damage and 
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inflammatory infiltration than 0.2- or 1-µm particles in another study [21]. Different effects were also observed 

for 0.5- and 50-µm particles without a consistent size-dependent pattern [13]. Particle number, surface area, 

aggregation, retention, and surface chemistry may therefore be more informative than size alone [13,21,33,45]. 

Several studies reported little or no intestinal injury despite particle uptake. Long-term exposure to 50-

nm or 1-µm PS particles resulted in translocation and accumulation in distant organs but did not impair 

intestinal health [43]. Similarly, a mixture of differently sized PS particles caused no overt histopathological 

damage after short-term administration [30]. These findings contrast with studies demonstrating barrier 

dysfunction or inflammation [21,33,45]. Environmentally derived PVC fragments also increased oxidative and 

inflammatory markers without producing clear colonic histomorphological lesions, showing that molecular 

stress does not necessarily translate into overt disease [35]. 

The biological importance of these subclinical changes becomes clearer in animals with pre-existing 

intestinal injury. PS-MPs caused only minor effects in healthy mice but markedly aggravated colon shortening, 

mucus loss, permeability, inflammation, and histological damage in acute and chronic DSS colitis [18]. 

Similarly, exposure produced only mild cytokine changes in healthy animals but substantially worsened 

clinical and histological colitis after DSS treatment [17]. Subtle alterations in mucins and lamina propria 

cellularity also progressed to more extensive inflammation and ulceration following DSS administration [16]. 

Environmentally derived PVC fragments aggravated chronic colitis, fibrosis, and neutrophil recruitment [35], 
while mixed PS particles produced increased macrophage infiltration and a non-significant trend toward 

greater histological severity [30]. 

Overall, most studies indicate that MNPs can exacerbate DSS-induced disease [16–18,35], although 

long-term PS exposure did not affect colitis severity in one study and another demonstrated only a non-

significant aggravating trend [30,43]. These discrepancies likely reflect differences in polymer type, surface 

modification, dose, administration route, exposure duration, DSS protocol, and animal microbiota. Current 

evidence therefore does not support MNPs as sufficient independent initiators of IBD. Instead, they may induce 

dysbiosis, barrier dysfunction, and subclinical inflammation, particularly after high-dose or prolonged 

exposure [13,14,21,33,35,42,44,45], thereby reducing intestinal resilience and increasing susceptibility to 

subsequent inflammatory injury [16–18,30,35,43]. 

2.2. Effects of MNPs in experimental models of IBD and related intestinal complications 

Research in healthy animal models demonstrates that exposure to MNPs typically does not induce overt 

colitis. Most studies report no significant body-weight loss, ulceration, or severe histological inflammation. 

However, subclinical abnormalities affecting goblet cells, mucus production, epithelial renewal, inflammatory 

markers, and gut microbiota have been observed [16,17,30,35,36,41]. For instance, polydisperse PS-MPs 

reduced Muc2 expression without causing inflammation under basal conditions [36], while environmentally 

sourced PVC-MPs increased colonic myeloperoxidase activity and altered inflammatory gene expression in 

the absence of visible tissue injury [35]. In contrast, long-term exposure to PS or polymethacrylate 

nanoparticles did not significantly affect intestinal morphology, permeability, or homeostasis in two studies 

[28,43]. Collectively, these findings suggest that MNPs are more likely to increase intestinal susceptibility to 

subsequent injury rather than independently induce IBD-like inflammation. 

2.2.1. Acute experimental colitis 

The majority of studies indicate that MNP exposure exacerbates acute DSS-induced colitis. Prior 

exposure to 5-µm PS-MPs resulted in increased body-weight loss, diarrhea, rectal bleeding, histopathological 

injury, and inflammation following DSS administration [17]. Comparable results were observed with both 5-

µm PS-MPs and a polydisperse mixture of 5–200-µm particles, which did not induce overt inflammation in 

healthy animals but heightened the severity of subsequent colitis [16,36]. 

Simultaneous administration of MNPs and DSS generally intensified intestinal injury. PS-MPs led to 

increased colon shortening, histological damage, inflammatory responses, mucus loss, and intestinal 

permeability [18]. PE-MPs fragments elevated disease activity and caused dose-dependent epithelial, crypt, 

and goblet-cell injury, although they did not further reduce colon length [19]. In mice with DSS-induced 

intestinal immune imbalance, PS-MPs accumulation was substantially increased and associated with more 

severe mucosal injury, heightened inflammatory cytokine expression, and disruptions in microbial and 

metabolic profiles [46]. A mixture of differently sized PS particles also mildly aggravated DSS-induced colitis, 
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resulting in greater accumulation in inflamed tissues and changes in macrophage populations and gut 

microbiota [30]. 

However, some studies did not corroborate these findings. Schwarzfischer et al. found that PS-NPs and 

PS-MPs traversed the intestinal barrier but did not exacerbate either acute or chronic DSS-induced colitis [43]. 

Likewise, six months of PMMA nanoparticle exposure did not alter intestinal histology, epithelial permeability, 

colon length, or disease severity following DSS administration [28]. These inconsistencies may be attributable 

to variations in polymer type, particle size, surface characteristics, dosage, tissue accumulation, and timing of 

exposure. 

In summary, the majority of evidence indicates that MNPs can exacerbate acute DSS-induced colitis; 

however, this effect is not universal and cannot be explained solely by particle size or exposure duration [16–

19,28,30,36,43,46]. 

2.2.2. Chronic and recurrent colitis 

Repeated DSS cycles have been employed to evaluate the effects of MNPs during recurrent intestinal 

injury. Luo et al. demonstrated that 5-µm PS-MPs increased histopathological damage, local inflammatory 

responses, mucus loss, and epithelial permeability, as well as delayed recovery from chronic colitis [18]. 
Similarly, 100-nm PS-NPs aggravated colonic epithelial injury, elevated TNF-α expression, and reduced IL-

10 expression in mice subjected to three DSS cycles [29]. 

Prolonged administration of 5-µm PS-MPs also increased the prevalence of pathological lesions, ulcers, 

and crypt abscesses in chronic colitis [41]. However, the degree of inflammatory infiltration, goblet-cell 

volume, mucin content, epithelial proliferation markers, and serum cytokines did not differ significantly 

between DSS-treated mice with and without PS-MPs [41]. These findings suggest that MNPs may increase 

the extent of intestinal lesions without consistently affecting all inflammatory or molecular endpoints. 

Environmentally sourced particles elicited similar or more pronounced effects. Irregular PVC fragments 

increased body-weight loss, epithelial injury, inflammatory infiltration, and neutrophil recruitment in chronic 

DSS colitis [35]. A mixture of environmental PP, PET, PS, and PE fragments also exacerbated colonic 

inflammation, particularly at the medium exposure dose [47]. Nonetheless, one study reported no aggravation 

of chronic DSS colitis following long-term PS exposure [43]. 

Overall, the majority of studies indicate that MNPs exacerbate recurrent colitis, although results 

regarding mucus, systemic cytokines, and epithelial markers remain inconsistent [18,29,35,41,43,47]. 

2.2.3. CD-like ileitis and fibrosis 

Evidence specifically addressing CD is limited. Xu et al. demonstrated that approximately 100-nm PS-

NPs induced ileal structural injury, neutrophil accumulation, increased inflammatory mediators, and epithelial 

necroptosis in otherwise healthy mice [26]. Surface-modified PS-COOH and PS-NH₂ particles produced more 

pronounced effects than unmodified particles [26]. The authors characterized these abnormalities as Crohn’s 

ileitis-like; however, the model did not replicate the full phenotype of CD, such as transmural inflammation, 

granulomas, strictures, or fistulas. 

Evidence for intestinal fibrosis primarily derives from a chronic DSS study utilizing environmental PVC 

fragments. PVC exposure increased the expression of extracellular matrix remodeling genes and type III 

collagen deposition in the colon [35]. However, these results were obtained in the context of colonic DSS 

injury rather than a model of stricturing ileal CD. Consequently, the role of MNPs in fibrostenotic 

complications remains uncertain. 

2.2.4. Colitis-associated carcinogenesis 

Three studies have assessed MNP exposure in azoxymethane/DSS models of colitis-associated cancer. 

PS-NPs increased tumor number, Ki-67 expression, oxidative stress, and DNA damage [48]. Similarly, long-

term exposure to 5-µm PS-MPs elevated tumour number, tumour prevalence, and local inflammatory 

infiltration, although serum cytokines and several epithelial gene markers remained unchanged [41]. A realistic 

mixture of environmental PP, PET, PS, and PE fragments also increased tumor burden and the expression of 

Cyclin D1 and MYC, particularly at the highest dose [47]. 
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Collectively, all available AOM/DSS studies indicate that MNPs can promote the progression of 

inflammation-associated colorectal cancer [41,47,48]. However, these models do not establish that MNPs 

independently initiate carcinogenesis, as all animals were exposed to both a carcinogen and DSS. 

Animal studies generally suggest that MNPs do not independently induce overt colitis in healthy animals 

but may cause subclinical disturbances that increase susceptibility to intestinal injury. Most DSS-based studies 

have reported more severe inflammation, epithelial damage, ulceration, or delayed recovery following MNP 

exposure, although some studies found no aggravating effect [16–19,28–30,35,36,41,43,46,47]. The evidence 

is strongest for colon-dominant DSS-induced inflammation and colitis-associated carcinogenesis, while data 

regarding CD-like ileitis, fibrosis, and stricturing complications remain limited [26,35,41,47,48]. At present, 

MNPs should be regarded as potential modifiers of intestinal inflammation rather than established independent 

causes of IBD. 

3. Evidence from Human Studies 

Evidence from human studies linking MNPs to IBD remains limited. Existing research includes direct 

measurements of MPs in stool or intestinal tissue, alongside transcriptomic and computational analyses that 

do not directly assess exposure. Furthermore, current clinical investigations focus on MPs, and direct evidence 

regarding NPs in IBD is currently unavailable. 

MPs are frequently detected in individuals without gastrointestinal disease. In a cohort of 24 healthy 

young men, MPs were identified in 23 stool samples, with concentrations ranging from 1 to 36 particles per 

gram of wet stool. Polypropylene was the most prevalent polymer, and MPs abundance correlated with 

consumption of packaged water and beverages [49]. These results suggest that dietary habits and plastic 

packaging significantly influence fecal MPs concentrations and should be accounted for when interpreting 

studies of IBD. 

3.1. Studies involving mixed IBD populations 

Yan et al. conducted a direct comparison of stool samples from 52 patients with IBD and 50 healthy 

controls. Mean MPs concentrations were significantly higher in the IBD group than in controls, measuring 

41.8 and 28.0 particles per gram of dry stool, respectively. Patients with IBD exhibited a greater proportion of 

particles smaller than 50 µm. PET and polyamide were the most frequently detected polymers, with PET 

representing a higher proportion of particles in IBD patients compared to healthy participants [50]. 

In patients with complete clinical data, fecal MPs concentration showed a positive correlation with the 

Harvey–Bradshaw Index in CD and the Mayo score in UC. However, MPs concentrations and polymer profiles 

were not reported separately for CD and UC, which precludes direct comparison between the two diseases 

[50]. 

Both Yan et al. and Zhang et al. associated fecal MPs abundance with consumption of plastic-packaged 

beverages. Yan et al. further reported higher concentrations among participants who consumed takeaway food 

or experienced frequent dust exposure [49,50]. Therefore, variations in diet, packaging use, and living 
conditions may partially account for the increased MPs burden observed in IBD. 

Caution is warranted when comparing the numerical results of these studies. Zhang et al. reported 

concentrations per gram of wet stool and utilized Fourier-transform infrared spectroscopy, while Yan et al. 

analyzed dry stool using micro-Raman spectroscopy and detected smaller particles [49,50]. As a result, 

differences in absolute particle counts and dominant polymers may arise from methodological rather than 

biological variation. 

3.2. UC 

Direct evidence specific to UC is primarily limited to the positive correlation between fecal MPs 

concentration and Mayo score reported by Yan et al. [50]. To date, no dedicated UC cohort has directly 

quantified MNPs in blood or intestinal biopsies, nor examined their relationship with calprotectin, C-reactive 
protein, histological activity, or endoscopic severity. 
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Yang et al. integrated public transcriptomic datasets from patients with UC with predicted PET-related 

targets, machine learning, single-cell analysis, and molecular docking. Four genes - cathepsin K (CTSK), N-

acylethanolamine acid amidase (NAAA), PDE4B, and PFKFB3 - were identified as potential links between 

PET-MPs and UC. CTSK, PDE4B, and PFKFB3 were upregulated, while NAAA was downregulated in UC 

samples [51]. These expression patterns were subsequently validated in a DSS-induced mouse model, where 

PET-MPs exacerbated colitis compared to DSS treatment alone [51]. 

Ye et al. performed a separate computational analysis and identified 17 potential PET-associated targets 

in UC and 14 final hub genes across IBD [52]. These targets showed limited overlap with those reported by 

Yang et al. [51,52]. This inconsistency likely reflects differences in datasets, target-prediction methods, and 

machine-learning approaches, rather than conflicting clinical observations. Notably, neither study measured 

PET-MPs in patient samples; thus, their findings should be regarded as hypothesis-generating rather than 

evidence of human exposure [51,52]. 

3.3. CD 

In the fecal study conducted by Yan et al., MPs concentration correlated positively with the Harvey–

Bradshaw Index, indicating an association with CD activity [50]. More direct tissue-level evidence was 

provided by Wu et al., who examined intestinal and mesenteric adipose tissue from ten patients undergoing 

surgery for complicated CD [53]. 

MPs were detected in involved ileal segments, adjacent uninvolved ileum, creeping fat, and mesenteric 

adipose tissue. Their abundance was greater in fibrotic lesions than in surrounding tissues and correlated 

positively with fibrosis severity. Approximately one-third of the detected particles measured 20–50 µm [53]. 

These results suggest that MPs may be retained not only in the intestinal lumen but also within the intestinal 

wall and adjacent mesentery. 

The findings of Yan et al. and Wu et al. are directionally consistent, as both studies associated a greater 

MPs burden with more severe CD [50,53]. However, the studies evaluated different outcomes: fecal MPs 

excretion and clinical activity in one, and tissue accumulation and fibrosis in the other. The tissue study was 

further limited to patients requiring surgery, lacked a healthy intestinal control group, and included only ten 

individuals [53]. 

Wu et al. also associated frequent invasive gastrointestinal examinations with increased tissue MPs 

accumulation [53]. This finding may reflect procedure-related exposure; however, patients with more severe 

disease typically undergo more investigations. Consequently, confounding by disease severity cannot be 

excluded. 

Discussion: 

The available evidence indicates a biologically plausible relationship between micro- and nanoplastic 

exposure and intestinal inflammation. Experimental studies demonstrate that MNPs may disrupt the mucus 

layer and epithelial junctions, increase intestinal permeability, induce oxidative and mitochondrial stress, 
activate inflammatory signalling pathways, alter the gut microbiota, and impair epithelial regeneration. 

Importantly, these effects are generally more pronounced in animals with pre-existing intestinal injury than in 

healthy animals. In most studies, MNP exposure alone caused mild, subclinical, or inconsistent abnormalities, 

whereas additional exposure during chemically induced colitis resulted in greater mucosal damage, 

inflammatory infiltration, permeability, delayed healing, and, in some models, fibrosis or tumour development 

[16–19,26,29,35,36,41,47,48]. These observations support the interpretation that MNPs may act primarily as 

environmental modifiers that reduce intestinal resilience and amplify existing inflammatory processes rather 

than as independent and sufficient causes of IBD. 

Human findings are directionally consistent with this interpretation, although the evidence remains 

considerably more limited. Yan et al. reported higher fecal MPs concentrations in patients with IBD than in 

healthy controls and demonstrated positive correlations with the Harvey–Bradshaw Index in CD and the Mayo 

score in UC [50]. Wu et al. subsequently detected MPs in involved and macroscopically uninvolved ileal tissue, 

creeping fat, and mesenteric adipose tissue obtained from patients undergoing surgery for complicated CD. 

Particle abundance was greater in fibrotic lesions and correlated with the severity of fibrosis [53]. Together, 
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these studies suggest that MPs burden may be associated with both inflammatory activity and structural 

intestinal complications. However, they evaluated different biological compartments and outcomes. Fecal 

particle concentration reflects luminal exposure and elimination, whereas tissue detection may indicate 

retention, penetration, or translocation. Consequently, the results cannot be interpreted as measurements of a 

single, uniform “body burden” of MPs. 

A central limitation is the inability to establish the direction of the observed associations. Greater dietary 

or environmental exposure to MNPs may promote barrier dysfunction, microbial dysbiosis, immune activation, 

and disease exacerbation. Conversely, active IBD may itself facilitate particle accumulation or alter fecal MP 

concentrations. Increased epithelial permeability, ulceration, mucus disruption, and inflammatory tissue 

remodelling may allow particles to penetrate more deeply into the intestinal wall or adjacent mesentery. 

Altered intestinal transit, diarrhoea, reduced absorptive capacity, and changes in stool water content may also 

influence the number of particles measured per gram of stool. Therefore, a high fecal MP concentration may 

represent greater ingestion, altered intestinal elimination, or both. Similarly, the accumulation of MPs within 

fibrotic CD tissue may contribute to persistent inflammation and extracellular matrix remodelling, but 

established fibrosis and impaired tissue clearance may also promote the secondary retention of particles 

[12,50,53]. The current relationship should therefore be considered potentially bidirectional rather than 

unidirectional. 
Several behavioural and clinical factors may additionally confound this association. Patients with active 

or complicated IBD frequently modify their diet and may consume greater amounts of bottled water, packaged 

beverages, takeaway food, processed products, or specialised enteral nutrition. Each of these exposures may 

increase contact with plastic packaging. Hospitalisation, medication packaging, diagnostic procedures, 

endoscopy, surgery, and other medical interventions may represent additional sources of exposure. Wu et al. 

observed an association between frequent invasive gastrointestinal examinations and tissue MP accumulation 

[53]. However, patients with more severe disease are also more likely to undergo repeated examinations, 

making it difficult to distinguish procedure-related exposure from confounding by disease severity. Other 

factors, including age, place of residence, occupational or household dust exposure, smoking, medication use, 

socioeconomic status, and dietary patterns, have not been comprehensively controlled in the available studies. 

Methodological heterogeneity further limits the interpretation and comparison of human findings. 

Studies differ in sample collection and preparation, digestion procedures, contamination control, analytical 

platforms, particle-size detection thresholds, polymer identification, and reporting units. For example, fecal 

concentrations have been expressed per gram of wet or dry stool, while Fourier-transform infrared 

spectroscopy and micro-Raman spectroscopy differ in their ability to detect smaller particles [49,50]. 

Consequently, variation in particle counts and dominant polymer types may partly reflect analytical differences 

rather than true biological variation. Moreover, existing clinical studies have focused almost exclusively on 

MPs, while direct evidence regarding NPs in patients with IBD is currently unavailable. 

Overall, the findings support an association between MPs, IBD activity, and CD-related fibrosis, but 

they do not establish causality. Small sample sizes, cross-sectional designs, selected surgical populations, 

incomplete exposure assessment, and the absence of prospective pre-diagnostic data prevent definitive 

conclusions. At present, MNPs should be regarded as potential environmental modifiers of intestinal 

inflammation and disease progression rather than confirmed etiological agents of UC or CD. A simplified 

overview of the experimental and human evidence, together with the principal limitations affecting its 

interpretation, is presented in Figure 1. 
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Fig. 1. Micro-and Nanoplastics in IBD: Simplified overview of experimental and human evidence linking 
MNPs with IBD. 

 

Research Gaps and Future Directions 

Current evidence on the relationship between MNPs and IBD remains limited. Large prospective cohorts, 

particularly studies conducted before IBD diagnosis, are needed to clarify whether MNP exposure precedes 
disease development or results from altered intestinal permeability, diet, treatment, and disease activity. 

Future studies should analyze UC and CD separately and account for CD location and behavior, 

including inflammatory, stricturing, and penetrating phenotypes. Pediatric populations also require greater 
attention. 

A major limitation is the lack of standardized methods for sample collection, preparation, detection, and 

reporting. Laboratory contamination, differences in analytical techniques, particle-size thresholds, doses, and 

reporting units substantially reduce comparability between studies. 

Experimental research relies excessively on pristine PS spheres, which poorly reflect real-world 

exposure. Future models should include irregular, secondary, environmentally weathered particles, mixed 

polymers, fibers, additives, and surface contaminants, using exposure ranges relevant to humans. 

Finally, studies should evaluate whether reducing plastic exposure influences IBD activity or 

progression. Diet, medication, smoking, hospitalization, medical procedures, packaged food consumption, and 

lifestyle factors should be carefully considered as potential confounders. 
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Conclusions 

MNPs can affect several mechanisms relevant to IBD, including mucus and epithelial barrier disruption, 

oxidative stress, immune activation, dysbiosis, and abnormal epithelial regeneration. 

Animal studies generally indicate that MNPs aggravate intestinal damage and inflammation in 

organisms with pre-existing susceptibility or experimental colitis. However, evidence that MNPs 

independently induce IBD-like disease remains considerably weaker. 

Human studies have identified associations between MP burden, IBD activity, and fibrosis in CD, but 

their cross-sectional design, small sample sizes, confounding factors, and possible reverse causality prevent 

causal conclusions. 

MNPs should therefore currently be regarded as potential environmental modifiers of IBD rather than 

confirmed causes of the disease. 
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NAAA, N-acylethanolamine acid amidase 
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PVC, polyvinyl chloride 

RIPK3, receptor-interacting serine/threonine-protein kinase 3 

ROS, reactive oxygen species 
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SOD, superoxide dismutase 
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TLR4, Toll-like receptor 4 

TNF-α, tumor necrosis factor alpha 
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