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ABSTRACT

Nanoplastics pollution is a global issue, with the digestive tract being one of the first affected organs, requiring
further research on its impact on intestinal health. This study involved orally exposing mice to polystyrene
nanoplastics (PS-NPs) at doses of 0.1, 0.5, or 2.5 mg/d for 42 days. The effects on intestinal health were thor-
oughly assessed via microbiomics, metabolomics, transcriptomics, and molecular biology. Our study demon-
strated that the administration of all three doses of PS-NPs resulted in increased colonic permeability, heightened
colonic and peripheral inflammation, reduced levels of antimicrobial peptides, and shortened colonic length.
These effects may be attributed to a reduction in the abundance of probiotic bacteria, such as Clostridia_UCG-
014, Roseburia, and Akkermansia, alongside an increase in the abundance of the pathogenic bacterium Desul-
fovibrionaceae induced by PS-NPs. Furthermore, we underscored the crucial role of histidine metabolism in PS-
NPs-induced colonic injury, characterized by a significant reduction of L-histidine, which is closely related to
microbial ecological dysregulation. Corresponding to microbiota deterioration and metabolic dysregulation,
transcriptome analysis revealed that PS-NPs may disrupt colonic immune homeostasis by activating the TLR4/
MyD88/NF-kB/NLRP3 signaling pathway. In conclusion, this study provided novel insights into the mechanisms
by which PS-NPs disrupt intestinal homeostasis through integrated multiomics analysis, revealing critical mo-
lecular pathway and providing a scientific basis for future risk assessment of nanoplastics exposure.

1. Introduction

increasing evidence has revealed their widespread presence in various
human organs, concerns have been raised regarding their potential

Statistical evidence indicates that global plastic waste generation has
surpassed 400 million tons (Tejaswini et al., 2022). Over time, these
plastic products degrade into microplastics and nanoplastics (NPs)
(Galloway et al., 2017). A previous study indicated that microplastics in
the environment further fragment into NPs, resulting in a significant
increase in their quantity (Wagner and Reemtsma, 2019). The persis-
tence of plastics has led to their pervasive presence in the environment,
constituting a global pollution issue (Gigault et al., 2018). Moreover, as
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toxicity (Leslie et al., 2022; Schwabl et al., 2019; Zhong et al., 2024).
Oral exposure constitutes a primary pathway for the ingestion of
plastic particles in humans (Prata et al., 2020). Research in animals has
demonstrated that post-ingestion, these particles accumulate in the
liver, kidneys and intestines, with the intestinal tissue exhibiting the
highest concentrations (Deng et al., 2017). Recent advances in intestinal
toxicity studies of NPs have focused predominantly on single-dose
exposure and lack corresponding sequencing data (Liang et al., 2021;
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Xu et al., 2023). Moreover, a previous literature review emphasized a
notable deficiency in the application of multiomics approaches despite
the considerable volume of ongoing research in this field (Das, 2023).
Consequently, we integrated the microbiome, metabolome and tran-
scriptome to reveal the potential mechanisms through which PS-NPs
induce disruptions in intestinal homeostasis across various environ-
mentally relevant concentrations.

Gut homeostasis is primarily a dynamic equilibrium involving in-
teractions among the gut microbiota, the host mucosal barrier, metab-
olites and intestinal immunomodulation (Patel and Stappenbeck, 2013;
Peterson and Artis, 2014; Turner, 2009). Disruptions of intestinal ho-
meostasis can influence the pathogenesis of diseases in distal organs via
the enterohepatic (Zhang et al., 2023a), enteroencephalic (Yang et al.,
2023; Zhang et al., 2023b), and enteropulmonary (Dang and Marsland,
2019) axes. Therefore, a comprehensive investigation into the impact of
PS-NPs on intestinal homeostasis will contribute to the future under-
standing of distal organ toxicity.

In this study, we investigated the effects of environmentally relevant
dosages of PS-NPs on intestinal homeostasis in a mouse model. Our
approach integrated multiomics analysis to systematically examine the
potential mechanisms underlying PS-NPs-induced intestinal dysfunction
and evaluate associated health risks.

2. Materials and methods
2.1. Chemicals and antibodies

We purchased nonfunctional PS-NPs from Tesulang Chemical Ma-
terials Co., Ltd., located in Dongguan, with a particle diameter of 100 nm
and a purity exceeding 99 %. The morphological characteristics of the
NPs were examined by scanning electron microscopy (SEM) (SU8010,
Hitachi, Japan), and their size distribution was assessed via a particle
sizing instrument (Zetasizer NANOZS, Malvern, UK). A range of anti-
bodies were employed for this study, including anti-Occludin (Pro-
teintech, Cat #: 13409-1-AP, ratio: 1:2000), anti-Claudin5 (ABclonal,
Cat #: A25830, ratio: 1:2000), anti-TLR4 (Santa Cruz, Cat #: sc-13591,
ratio: 1:1000), anti-MyD88 (CST, Cat #: 4283S, ratio: 1:1000), anti-
phospho-NF-xB (Ser536) (Abmart, Cat #: TP56372S, ratio: 1:1000),
anti-NF-kB (CST, Cat #: 82428, ratio: 1:1000), anti-NLRP3 (Abcepta, Cat
#: AP8564A, ratio: 1:1000), anti-IL-1p (Affinity, Cat #: AF4006, ratio:
1:1000), and anti-B-actin (Proteintech, Cat #: 20536-1-AP, ratio:
1:5000).

2.2. Polystyrene nanoplastics (PS-NPs) administration

To comprehensively evaluate the impact of NPs on colon and serum
metabolism, doses of 0.1, 0.5, and 2.5 mg/day were selected for this
study. Specifically, thirty-two male C57BL/6 mice were randomly allo-
cated into four experimental groups, each consisting of eight in-
dividuals: a control group (Con) receiving 0.2 mL of sterile Milli-Q water
via oral gavage and three treatment groups receiving 0.2 mL of NPs
suspensions at concentrations of 0.5 mg/mL (low dose, LD), 2.5 mg/mL
(medium dose, MD), and 12.5 mg/mL (high dose, HD), respectively.
Daily gavage administration was conducted for a duration of six
consecutive weeks.

2.3. Tissue collection

Fecal samples were collected for 16S rRNA sequencing within 12 h
after the last treatment. Next, we anesthetized the mice and collected
blood via cardiac puncture. Blood serum was extracted by spinning the
samples at 4 °C with a centrifugal force of 4000xg for a duration of 10
min. Meanwhile, the colonic tissue samples were preserved either in a 4
% paraformaldehyde solution or at -80 °C for further analysis.
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2.4. Serum biochemical analysis

Following the guidelines provided by Jiangsu Meimian Industrial
Co., Ltd., we employed an enzyme-linked immunosorbent assay (ELISA)
to quantify lipopolysaccharide (LPS, Cat #: MM-0634M2).

2.5. Measurement of inflammatory cytokines

Three kits were used (Jiangsu Meibiao Biotechnology Co., Ltd.):
tumor necrosis factor-alpha (TNF-o; MB-2868B), interleukin-6 (IL-6;
MB-2899B), and interleukin-1 beta (IL-1f; MB-2776B).

A full description of the materials and methods is given in the Sup-
plementary Material.

3. Results

3.1. Characterization of PS-NPs and their effects on body weight and
colon length in mice

Physical property analysis revealed that the PS-NPs exhibited a
uniform spherical morphology with an average diameter of 113.3 nm
(Fig. 1A and B). In this study, the mice were orally administered NPs or
an equal volume of vehicle for 42 consecutive days to induce colonic
injury (Fig. 1C). We first observed that after six weeks of continuous
exposure to the LD, MD and HD PS-NPs, the mice gradually gained
weight, with no difference compared with those in the Con group
(Fig. 1D). However, a significant reduction in colon length was observed
in the PS-NPs-exposed groups compared to the Con group (Fig. 1E).

3.2. Exposure to PS-NPs disrupted intestinal barrier function in mice

To investigate the effects of PS-NPs on intestinal barrier function, we
performed histological and molecular analyses. H&E staining revealed
that exposure to PS-NPs led to inflammatory cell infiltration within the
colonic mucosa (Fig. 2A). PAS and AB staining revealed a significant
decrease in the number of PAS™ and AB" goblet cells in the PS-NPs-
exposed groups compared with the Con group, suggesting impaired
mucus production (Fig. 2B and C). In addition, increased serum levels of
LPS suggested that PS-NPs treatment contributed to impaired intestinal
barrier function (Fig. 2D). This finding was also confirmed by decreased
mRNA and protein expression of tight junction proteins (Fig. 2E and F).
Furthermore, PS-NPs treatment downregulated the expression of II-23,
II-22, and Reg3y (Fig. 2G), genes involved in the IL-23/IL-22/Reg3y
signaling pathway known to regulate antimicrobial peptide production.
Increased intestinal permeability facilitates the translocation of macro-
molecules, including bacteria and toxins, across the intestinal mucosa,
thereby initiating peripheral inflammation. Subsequent analysis of in-
flammatory markers in the peripheral serum revealed that PS-NPs
exposure significantly elevated the serum levels of the pro-
inflammatory cytokines IL-6 and IL-1p (Fig. 2H). These results collec-
tively indicated that chronic exposure to environmentally relevant
concentrations of PS-NPs, even at low doses, disrupted intestinal barrier
function and promoted systemic inflammation.

3.3. PS-NPs disrupted the gut microbial composition in mice

Gut barrier integrity and gut microbes are important components of
gut homeostasis. To further understand the impact of the three doses of
PS-NPs on the gut microbial composition, we conducted 16S rRNA
sequencing analysis. Alpha diversity, as measured by the ace, chao,
shannon, and simpson indices, revealed a significant reduction in bac-
terial richness and diversity in the HD PS-NPs group compared with the
Con group (Fig. 3A and B). A Venn diagram of the observed OTUs
demonstrated a dose-dependent decrease in the number of OTUs
following PS-NPs exposure (Fig. 3C). For beta diversity, both principal
coordinate analysis (PCoA, R = 0.2395, P = 0.004) and PLS-DA revealed
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Fig. 1. PS-NPs shorten the colon length in mice. Characterization of PS-NPs (A) morphology and (B) particle size. (C) Experimental flow chart. (D) Weight moni-
toring after continuous administration. (E) Representative images of the colons from the four groups of mice. The data were presented as the mean + SEM. n = 8 per
group. One-way ANOVA with Tukey’s multiple comparisons test was used. **: p < 0.01, ***: p < 0.001 versus the Con group.

distinct clustering patterns between the Con- and PS-NPs-exposed
groups (Fig. 3D and E). In terms of the bacterial characterization
index, the PS-NPs groups presented a significantly higher microbial
dysbiosis index (MDI) and a significantly lower gut microbial health
index (GMHI) compared to the Con group (Fig. 3F and G). At the phylum
level, Bacteroidetes and Firmicutes dominated across all groups
(Fig. 3H). The relative abundances of the top 20 most abundant genera
are presented in Fig. 3I. To observe the effects of PS-NPs on the gut
microbial composition, we selected 8 representative taxa among all the
genera. The abundances of Clostridia UCG-014, Tuzzerella, Roseburia
and Akkermansia were dramatically lower in the PS-NPs group than in
the Con group (Fig. 3J). Conversely, the abundances of Lachnospir-
aceae_ NK4A136_group, Parabacteroides, Anaerofustis and Desulfovi-
brionaceae significantly increased after PS-NPs treatment (Fig. 3K).
Spearman correlation analysis was subsequently used to elucidate

the potential relationships between the gut microbiota and both colonic
injury and peripheral inflammation. The findings indicated that the
probiotic bacteria Clostridia UCG-014, Roseburia and Akkermansia
were positively correlated with colonic indices, including colon length
and the counts of PAS™ and AB™ goblet cells. Conversely, the potentially
pathogenic bacterium Desulfovibrionaceae was negatively correlated
with these colonic indices. With respect to peripheral inflammation,
Clostridia_UCG-014, Roseburia and Akkermansia exhibited a negative
correlation with the upregulation of inflammatory cytokines, whereas
Desulfovibrionaceae was positively correlated with these cytokines
(Fig. 3L). These correlation results suggested a potential role for gut
microbiota dysbiosis in mediating PS-NPs-induced colonic injury and
systemic inflammation.



J.-Z. Yang et al.

A

H&E

PAS

Environmental Pollution 372 (2025) 126050

LPS (ng/L)

Serum E
500 ™
®
.
400 N . 3
.
e e g
300 . ©
o0 £
200 g
2
k|
100 &

Con

LD MD HD

Con

LD

MD

MD

HD

HD

Con LD
Occludin hu A

- 0-~’|

Claudin5 I‘---- -

-
B-actin I ~|
1-23 n-22
2.0+ an 2.0+ ok
_ P P
0>) ek E Fkk
2154 2154
< <
E 4
€ 1.0 &
[ ® . [
2 2
% 0.5 s
.
& &
0.0-
Con LD MD HD
Serum Serum
200 ek 400 -
"
R S
~ 150 * . —
- o . . -
E E
> =
S 100 o 0 2
Q s
A v
= 50 =
o_
Con LD MD HD Con LD MD HD

-
N
I

©
1

LD MD
Occludin Claudin5
2.0+ s Py
o 1.5+ —_
° e - .
315 2 .
Q
< 2
4 <
4 z
3 [4
° £
s
= ]
S k]
o &
Con LD MD HD Con LD MD HD
Occludin Claudin5
1.5+ 1.5
rhk ek
3 o ] ok
2 = E .
£ 1.0 £ 1.0
g 2
2 [~
S ) % S
[
2 05+ £ 05 .
& i )
@ &
0.0- 0.0-
Con LD MD HD Con LD MD HD
Reg3y
2.0 —
- sk
2 x
2 1.5+
.
g .
% 104
2
8 054 . v "
&
Con LD MD HD
Serum
*
1200+ S
ns
—
900 ° ooe
E
o
=
4
w
z
=
Con LD MD HD

Fig. 2. PS-NPs increased intestinal permeability. Representative images of (A) H&E, (B) PAS and (C) AB staining of colonic tissue sections from different groups of
mice. (D) Serum levels of LPS. (E) Relative expression of the tight junction-related mRNAs Zo-1, Occludin and Claudin-5 across the groups. (F) The protein expression
of occludin, claudin-5 and B-actin was analyzed via WB. (G) The relative mRNA expression levels of [I-23, II-22 and Reg3y in the colonic mucosa. (H) Serum levels of
the pro-inflammatory cytokines IL-6, IL-1B and TNF-a across the groups. The data were presented as the mean + SEM. n = 3-8 per group. One-way ANOVA with
Tukey’s multiple comparisons or the Kruskal -Wallis test followed by Dunn’s post hoc test were used. *: p < 0.05, **: p < 0.01, ***: p < 0.001 versus the Con group.
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Fig. 3. PS-NPs induced gut microbiota dysbiosis. (A-B) The ace, chao, shannon and simpson indices were used to represent alpha diversity. (C) Venn diagram
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analysis. The data were presented as the mean + SEM. n = 7 per group. The Wilcoxon rank-sum test and Kruskal-Wallis test were used. *: p < 0.05, **: p < 0.01, ***:
p < 0.001 versus the Con group.
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3.4. PS-NPs restructured gut microbial metabolites

To elucidate the metabolic profile of the gut microbiota potentially
involved in PS-NPs-induced colonic injury, we conducted an untargeted
metabolomic analysis of serum samples. PLS-DA demonstrated signifi-
cant differences in serum metabolites between the PS-NPs-exposed
groups and the Con group, with the permutation test confirming the
robustness of the PLS-DA model (Fig. 4A and B). A total of 348, 345, and
522 differentially abundant metabolites (VIP >1, p < 0.05) were iden-
tified in the LD, MD, and HD PS-NPs groups, respectively, compared to
the Con group. Subsequent KEGG analysis revealed that all the signifi-
cantly enriched pathways were predominantly associated with amino
acid metabolism. Further examination of the top five pathways indi-
cated that the histidine metabolism pathway was significantly enriched
across all three doses of PS-NPs (Fig. 4C-E). The heatmap revealed
specific metabolite changes, highlighting the significant downregulation
of L-histidine, which is known for its anti-inflammatory properties, in
the PS-NPs groups compared with the Con group (Fig. 4F). Spearman’s
correlation analysis revealed that L-histidine was positively correlated
with the colonic indices and negatively correlated with the upregulation
of inflammatory cytokines (Fig. 4G). Furthermore, the probiotics
Clostridia_UCG-014, Roseburia, and Akkermansia were significantly
positively correlated with the L-histidine levels, whereas Desulfovi-
brionaceae was negatively correlated with the L-histidine levels
(Fig. 4H). These correlation analyses suggested the association between
the gut microbiota and its metabolites in PS-NPs-induced injury, sug-
gesting the critical role of histidine metabolism.

3.5. PS-NPs altered the transcriptomic profile of the mice colon

To better understand the molecular mechanisms of PS-NPs-induced
colon-related pathology, we conducted mRNA sequencing. Principal
component analysis (PCA) revealed that exposure to PS-NPs resulted in
altered colonic gene expression, compared with the Con group, espe-
cially in the MD and HD groups (Fig. 5A). The volcano plot revealed that,
compared with Con, exposure to LD, MD and HD PS-NPs resulted in
2,011, 1,654, and 3686 DEGs, respectively (Fig. 5B). Among these
genes, 247 genes were coregulated (Fig. 5C). Heatmap analysis revealed
that the majority of these coregulated genes were upregulated, with a
pattern suggesting dose-dependent effects (Fig. 5D). KEGG annotation
analysis revealed that ‘signaling transduction’ and ‘signaling molecules
and interaction’ were significantly enriched (Fig. 5E). We further con-
ducted KEGG enrichment analysis on the DEGs across the three groups.
The analysis highlighted the involvement of inflammatory pathways,
including ‘TNF signaling’, ‘NF-kappa B signaling’, ‘Toll-like receptor
signaling’, ‘NOD-like receptor signaling’ and ‘inflammatory bowel dis-
ease’ (Fig. 5F-H). In summary, the transcriptomic results suggested that
PS-NPs-induced intestinal injury is associated with inflammatory
activation.

3.6. PS-NPs induced colonic inflammation via activation of the TLR4/
MyD88/NF-xB/NLRP3 signaling pathway

The TLR4/MyD88/NF-kB/NLRP3 signaling pathway has been
implicated in various inflammatory processes, including neuro-
inflammation (Sun et al., 2023), cardiomyocyte pyroptosis (Chen et al.,
2022), and LPS-stimulated inflammatory responses (Zhang et al., 2022).
In conjunction with the findings from RNA-seq, to assess the involve-
ment of this pathway in PS-NPs-mediated colonic inflammation, we
examined the expression of key pathway components. WB analysis
revealed that PS-NPs treatment significantly increased the expression of
TLR4, MyD88, NLRP3 and IL-1p and increased the phos-
pho-NF-kB/NF-xkB ratio compared with Con treatment (Fig. 6A).
Furthermore, PS-NPs treatment significantly upregulated the mRNA
expression of pro-inflammatory cytokines II-14, Il-6 and Tnf-a in colonic
tissue (Fig. 6B). These data suggested that activation of the
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TLR4/MyD88/NF-kB/NLRP3 pathway contributes to PS-NPs-induced
colonic inflammation.

4. Discussion

With the accumulation of increasing amounts of micro- and nano-
plastics in the environment, their potential impact on human health
deserves more comprehensive study. Human exposure to plastic parti-
cles is estimated to range from 0.23 to 11.9 mg/kg per day (Senathirajah
et al., 2021). A previous publication indicated that human and mouse
body surface areas are 1.62 and 0.007 square meters, respectively, and
body weights are 60 and 0.02 kg, respectively; thus, the exposure dose
conversion formula for humans and mice on the basis of body surface
area yields an equivalent dose of 0.05-2.9 mg/day for 0.02 kg mice
(Nair and Jacob, 2016; Xu et al., 2023; Yang et al., 2024). We therefore
exposed mice to human equivalent doses of PS-NPs to explore their
potential effects on the intestinal system. We reported that PS-NPs
inhibited the hyperplasia of colonic goblet cells, reduced mucus secre-
tion, and decreased the expression of tight junction proteins and anti-
microbial peptides, consequently leading to increased colonic
permeability. Furthermore, PS-NPs exposure significantly elevated the
serum LPS and pro-inflammatory cytokines (IL-6 and IL-1p) levels. These
effects were significantly correlated with PS-NPs-induced disruptions in
the gut microbiota composition and alterations in histidine metabolism.
Additionally, our findings revealed that PS-NPs activated the
TLR4/MyD88/NF-kB/NLRP3 signaling pathway, which may mediate
the observed colonic inflammation (Fig. 7). These findings offer a sig-
nificant understanding of the possible health risks associated with NPs
exposure.

The gut microbial composition plays a critical role in maintaining
intestinal homeostasis, and dysbiosis is implicated in various intestinal
diseases (Lee et al., 2022; Litvak et al., 2018). Akkermansia, a pivotal
bacterium for sustaining intestinal integrity, has been implicated in the
progression of inflammatory bowel disease (Paone and Cani, 2020; Wu
et al., 2021). Elevated Clostridia_ UCG-014 levels have been shown to
mitigate colitis and mucosal damage (Gong et al., 2024; Y. He et al.,
2022). Furthermore, Roseburia is a probiotic that contributes to allevi-
ating colon inflammation and plays a regulatory role in maintaining the
intestinal barrier and modulating cytokine release (Kang et al., 2023;
Nie et al., 2021). A previous study reported notable enrichment of
Desulfovibrionaceae in individuals with ulcerative colitis, contributing
to the exacerbation of this condition (Xie et al., 2024). In the present
investigation, we observed that exposure to PS-NPs resulted in a
reduction in Clostridia_UCG-014, Roseburia and Akkermansia, coupled
with an increase in the pathogenic bacterium Desulfovibrionaceae.
These alterations in the gut microbial composition may underlie the
colonic injury and peripheral inflammation induced by PS-NPs.

The gut microbiota can influence host function through its metabo-
lites (Gao et al., 2017). It has been shown that Akkermansia significantly
upregulates histidine levels in modified brain-heart infusion medium
(Zhang et al, 2024). Furthermore, the modulatory effect of
Pi-Dan-Jian-Qing decoction on serum histidine is associated with an
altered abundance of Akkermansia (Xie et al., 2021). Bioactive peptides
exhibited protective effects in a mouse cerebral infarction model by
highly enriching Roseburia and upregulating histidine (Ji et al., 2024).
Clostridia_UCG-014 also had a significant positive correlation with his-
tidine in concentrate-supplemented large animals (Vi et al., 2023). In the
present study, with the disruption of the gut microbial composition
described above, PS-NPs substantially impacted histidine metabolism,
which was characterized mainly by a consistent reduction in L-histidine
levels across various doses of PS-NPs.

Histidine is an essential amino acid that plays a crucial role as a ROS
scavenger and an anti-inflammatory mediator (Holecek, 2020; Son
et al.,, 2005). Notably, significant decreases in serum histidine levels
have been observed in multiple population-based cohorts of patients
with inflammatory bowel disease (IBD), potentially indicating chronic
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microbial-derived L-histidine and an increase in the levels of inflammatory factors. These changes ultimately activate inflammatory signaling pathways within the

colonic tissue.

inflammation in these individuals (Hisamatsu et al., 2012; Kohashi et al.,
2014; Probert et al., 2018). Research has indicated that histidine
metabolism plays a role in copper-induced intestinal barrier dysfunction
and inflammation (Liao et al., 2021). Fructose has been shown to
exacerbate colitis by reducing histidine levels (Song et al., 2023).
Whereas enteral nutrition has been shown to alleviate colitis through gut
microbial-mediated histidine biosynthesis (Zeng et al., 2024). Previous
in vitro experiments and animal models have shown that lower levels of
histidine do not effectively inhibit NF-kB, leading to increased
LPS-induced inflammation (Andou et al., 2009; Cortes et al., 2022;
Hasegawa et al., 2011), whereas exogenous supplementation with his-
tidine can ameliorate LPS-induced inflammation by inhibiting the acti-
vation of the NLPR3 inflammasome. Our sequencing and WB results

revealed that PS-NPs induced activation of the
TLR4/MyD88/NF-kB/NLRP3 pathway. Consequently, we propose that
the observed reduction in histidine levels contributes to

PS-NPs-mediated colonic inflammation and barrier dysfunction via this
signaling cascade. Similarly, He et al. reported that PS-NPs worsened
duodenal permeability and inflammatory responses in mice through the
NF-kB/NLRP3 pathway (Z. He et al., 2022), and Chen et al. reported that
PS-NPs induced intestinal and hepatic inflammation through activation
of the NF-kappaB/NLRP3 pathway (Chen et al., 2024). Taken together,
these findings suggest that NLRP3 is deeply involved in PS-NPs induced
toxicity.

However, from the perspective of therapeutic target discovery,
whether exogenous supplementation with histidine and inhibitors of
NLRP3 are protective against PS-NPs-induced colonic inflammation and
injury deserves further exploration. The exploration of the effectiveness
of these potential therapeutic targets will be the direction of our future
research. The main findings of this study were that exposure to different
human equivalent doses of PS-NPs led to alterations in gut microbes,
which in turn led to a decrease in histidine and activation of the TLR4/
MyD88/NF-kB/NLRP3 pathway in the colon. Our research will help
raise attention to the intestinal health problems caused by nanoplastics
and increase people’s awareness of the need for prevention.

Furthermore, several limitations of this study should be acknowl-
edged. Future investigations should incorporate comprehensive bio-
distribution analyses to assess PS-NPs accumulation in internal organs.
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Additionally, study designs should be expanded to include larger animal
cohorts, both genders, extended exposure durations, and diverse nano-
plastic types to enhance the generalizability and translational relevance
of the findings. Fecal microbial transplantation experiments are essen-
tial to validate the contribution of the gut microbiota in the next step of
the study.

5. Conclusion

In summary, this study integrated microbiomics, metabolomics and
transcriptomics to investigate the impact of PS-NPs on critical compo-
nents of intestinal homeostasis, including the intestinal barrier, gut
microbial composition, microbial metabolism and colonic immune re-
sponses. Our findings demonstrated that PS-NPs disrupt intestinal ho-
meostasis by altering the gut microbiota, suppressing histidine synthesis
and activating the TLR4/MyD88/NF-kB/NLRP3 signaling pathway.
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