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Microplastics (MPs) pollution represents an increasing worldwide problem and a 
real global challenge for human health, which also affects unborn children. 
Specifically, during their degradation, they can release a broad range of toxic 
and hormonally active agents, such as plasticizers. Thus, microplastics alone are 
pernicious, but they often also carry other harmful chemicals and even 
problematic bacteria on their surface and within their structure (heavy metals, 
pesticides, parabens, etc.), which amplifies their toxic potential. Due to their 
induction of oxidative damage, inflammation, mitochondrial apoptosis, and 
microbiota dysbiosis, and more, microplastics act as neurotoxic agents. 
Periods particularly sensitive to this neurotoxicity include fetal development 
and childhood, during which microplastics can negatively affect proper 
neuronal development. When expecting mothers are exposed, microplastics 
can cross the placenta barrier, reach the developing embryo, and accumulate 
in its organs. During fetal development, even minor interferences in neuronal 
migration can result in deficient neuronal innervation in the gut, potentially 
leading to congenital enteric neuropathy. Although an accurate estimation of 
human exposure is still pending, this may produce serious intestinal motility 
disorders and compromise the long-term quality of life of newborns. In this 
review, we analyze how microplastic neurotoxicity could be an aggravating factor 
in the development of congenital enteric aganglionosis and, consequently, 
postnatal motility disorders. Finally, we propose reducing pregnant women’s 
exposure to microplastics as an important preventive measure to protect the 
fetus from neurotoxicity.
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1 Introduction

1.1 Microplastic exposure: an emerging health problem

During the last decades, global plastic production has grown exponentially (Geyer et al., 
2017), resulting in plastic waste reaching all ecosystems (Geyer et al., 2017; Senathirajah 
et al., 2021). As these plastics reach the end of their life cycle, they degrade under the effects 
of mechanical erosion, sunlight, air, or water (Julienne et al., 2019) into smaller pieces, 
classified by size into microplastics (MPs, ranging from 5 mm to 0.1 μm) or nanoplastics 
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(NPs, <0.1 μm). Among these degraded fragments, the most 
abundant polymer types are polypropylene (PP), polyethylene 
(PE), polyethylene terephthalate (PET), polystyrene (PS), 
polycarbonate (PC), poly-(methyl methacrylate) (PMMA), and 
polyvinyl chloride (PVC) (Dubey et al., 2022; Nair et al., 2025). 
Furthermore, additional plasticizers, such as diethylhexyl-phthalate 
(DEHP), which are released during the degradation of PVC, have 
also demonstrated their considerable toxic potential, particularly for 
the liver (Loff et al., 2000).

Consequently, MPs have, over the years, reached and polluted 
most ecosystems worldwide (Dubey et al., 2022) and have already 
been detected ubiquitously in water, soil, and air (Lu et al., 2025; 
Nair et al., 2025). Furthermore, MPs have emerged as a significant 
and pervasive health and environmental problem globally 
(Campanale et al., 2020) as they are persistent, toxic, and possess 
bioaccumulative potential (Weis and Alava, 2023).

Industry, paints, and tire wear, and sewage sludge (Kwiatkowska 
and Ormaniec, 2024; Thompson et al., 2024) contribute significantly 
to MPs emissions into the environment (Kole et al., 2017; Paruta 
et al., 2022). However, MPs can also be found in a wide array of 
products, including plastic packaging, synthetic textiles (Rovira and 
Domingo, 2019), seafood (Ferrante et al., 2022; Vega-Herrera et al., 
2024), fruits and vegetables (Oliveri Conti et al., 2020), salt, sugar, 
tap and bottled water (Panneerselvam et al., 2025), and even 
cosmetics and personal care products (Guerranti et al., 2019; Sun 
et al., 2020; Cubas et al., 2022). They also enter the food chain almost 
inevitably, originating from food packaging, cooking pots, and 
plastic bottles (Gelbke et al., 2019; van Raamsdonk et al., 2020). 
Hence, MPs abundance in the food chain has already been proven by 
several studies (Cox et al., 2019; Senathirajah et al., 2021; Gambino 
et al., 2022). Due to their accumulation in the food chain, MPs 
disrupt the delicate balance of ecosystems and may impair cognitive 
function and behavioral patterns in living organisms (Lu et al., 
2025). As a result, humans are continuously exposed to 
microplastic-induced toxicity from the environment on a daily 
basis (Nair et al., 2025).

MPs can enter the human body through various ways, including 
ingestion, inhalation, and dermal contact with personal care products 
(Cox et al., 2019; Lu et al., 2025; Panneerselvam et al., 2025). Truly, we 
are breathing (Baeza-Martínez et al., 2022), eating, and drinking them 
every day, so they later accumulate in our intestines (Zhu et al., 2024), 
tissues, and organs (Deng et al., 2017; Gelbke et al., 2019; van 
Raamsdonk et al., 2020; Nihart et al., 2025).

Once they enter the body, MPs show a systematic distribution 
(Bhattacharyya et al., 2025), being detected in all human samples, 
except for kidneys and cerebrospinal fluid (Bai et al., 2024). They 
have also been isolated in the human respiratory system (Baeza- 
Martínez et al., 2022) and in human stool (Schwabl et al., 2019). MPs 
can penetrate physiological barriers in humans, such as the 
placental, blood–brain, and blood–testis barriers (Bai et al., 2024; 
Bhattacharyya et al., 2025; Lu et al., 2025). This barrier transfer 
depends on MPs characteristics, exposure dose, route, time, co- 
exposure to other pollutants, and genetic predisposition.

Chronic exposure to MPs has been associated with several 
organ-specific toxicities, including gastrointestinal toxicity, 
hepatotoxicity, neurotoxicity, reproductive and developmental 
toxicities (Dubey et al., 2022; Bai et al., 2024), and, more 
recently, with carcinogenesis (Gutiérrez-García et al., 2025).

Finally, maternal exposure to MPs has been reported to cause 
adverse effects on pregnancy outcomes in pregnant mice (Hu et al., 
2021) and is related to reproductive toxicity and low growth 
offspring, also in humans (Luo et al., 2019).

However, an accurate estimation of human exposure is still 
pending due to the lack of standardized methods for processing and 
analyzing MPs in human samples (Catalán et al., 2025). For instance, 
most of the research was conducted using mainly polystyrene (PS), 
but this polymer represents only 7% of total plastic production. In 
addition, differently sized particles, concentrations, incubation 
times, and models have been analyzed, complicating the later 
comparison of results (Brachner et al., 2020).

Recently, further controversy has arisen regarding the accuracy 
of MPs quantification methods, calling into question previous MPs 
studies on both the environment (Evangelou et al., 2026) and human 
tissues (Monikh et al., 2025) and consequently sparking a renewed 
debate on the challenges of achieving precise methodologies 
(Brachner et al., 2020; Thompson et al., 2024; Monikh et al., 
2025; Campen et al., 2025). Nevertheless, efforts are underway to 
unify protocols and improve methodology in the future (Altmann 
et al., 2025; Catalán et al., 2025; Nardella et al., 2025).

1.2 Microplastics induce neurotoxicity

Although the neurotoxic effects of MPs vary according to 
individual particle types, shapes, sizes, exposure concentrations, 
and durations, it is clear that exposure to MPs implicates a 
neurotoxic risk (see Table 1) (Prüst et al., 2020).

Ingested MPs can disrupt gut microbiota, breach intestinal and 
blood–brain barriers, and accumulate in neural tissues through 
systemic distribution (Bhattacharyya et al., 2025). Specifically, the 
disruption of the mucous barrier might present a gateway for 
bacterial metabolites and toxins, thus adding to the direct effect 
of the toxic microplastic components a secondary by-stander effect, 
which severely aggravates their impact.

Mechanistic studies have revealed that MPs induce oxidative 
stress, leading to cellular damage, neuroinflammation, protein 
aggregation, alterations in neurotransmitter levels, and inhibition 
of acetylcholinesterase activity (Prüst et al., 2020). MPs exposure has 
also been related to mitochondrial injury, inflammatory signaling, 
and impaired protein homeostasis (Prüst et al., 2020; Bhattacharyya 
et al., 2025). Given this evidence, MPs have been shown to induce 
neurotoxicity, brain damage, and impaired neuronal development 
in different animal models (Pahwa and Kalra, 1993; Qu and Wang, 
2020; Sökmen et al., 2020; Zheng et al., 2024).

Moreover, ingested MPs appear to increase neurological risk 
and contribute to the development of cognitive dysfunction and 
pathways leading to neurodegenerative diseases. Not surprisingly, 
high MPs burdens in brain tissue have been associated with 
dementia, neuronal disorders (Bhattacharyya et al., 2025; Nihart 
et al., 2025), behavioral alterations, and increasing rates of 
neurodegenerative diseases (Lu et al., 2025).

On top of that, MPs contain other toxic chemicals within their 
structure but also adsorb additional toxicants from the environment 
on their surfaces (Brachner et al., 2020), including polychlorinated 
biphenyls (PCBs), pesticides, heavy metals (Al, Cd, Co, Cr, Cu, Hg, 
Mn, and Pb), polycyclic aromatic hydrocarbons (PAHs), persistent 
organic pollutants (POPs), and antibiotics (Cubas et al., 2022; Weis 
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and Alava, 2023; Rafa et al., 2024). Some of these contaminants are 
commonly used as additives in plastic production. As they are not 
covalently bonded to plastics, they can easily leach into milk, water, 
and other liquids (Ullah et al., 2023). MPs particles act as solid 
substrates for various microorganisms, promoting the formation of 
microbial biofilms with different metabolic activities (Kwiatkowska 
and Ormaniec, 2024).

As concerning evidence, MPs particles have been detected to 
leach from medical parenteral nutrition bags used in neonatal 
intensive care into the administered nutritional solution, from 
where they may reach the digestive system of the premature 
parenterally fed neonates but may also cause obstruction and 
pulmonary inflammation since they exceeded the diameter of 
lung and tissue capillaries (Vercauteren et al., 2024). Previous 
studies associated parenteral nutrition in premature neonates 
with serious hepatobiliary dysfunction (Loff et al., 1998; 1999). 
Previously, parenteral nutrition was assumed to be responsible 
for liver damage. Now, MPs leaching into parenteral nutrition 
circuits have emerged as a plausible cause.

The physicochemical properties of microplastics, such as size, 
structure, and functional groups, and properties of environmental 
compartments, such as pH, temperature, and salinity, influence the 
sorption of pollutants by microplastics (Rafa et al., 2024). Toxicity 
induced by MPs and NPs is size-dependent as smaller particles have 
better absorption capacity and larger surface area, releasing more 
toxic chemicals and endocrine disruptors, leading to oxidative stress, 
reproductive toxicity, neurotoxicity, cytotoxicity, developmental 
abnormalities, decreased sperm quality, and immunotoxicity 
(Ullah et al., 2023).

All these toxic pollutants transported by MPs can bioaccumulate 
and induce oxidative stress and cellular toxicity (Cubas et al., 2022). 
For instance, phthalates have been linked to various neurotoxic 
mechanisms, such as endocrine disruption, oxidative stress, and 
cellular apoptosis (Tseng et al., 2013; Wójtowicz et al., 2017).

Human exposure to metals has also been shown to induce 
neurotoxicity through various mechanisms such as autophagy 
(Zhang et al., 2013), synaptic transmission (Braga et al., 1999), 
oxidative stress (Chew et al., 2011), and alterations in 
neurotransmitter metabolism (Pohanka, 2014). Regarding metals, 
even low concentrations of As, Pb, Cd, and Hg during gestation 
must be considered due to their severe effects on the fetus. In 

particular, Cd is harmful because when Cd accumulates in the 
placental tissue, other metals such as As, Cr, Cu, Pb, Mn, Ni, Se, 
and Zn are, as a consequence, transferred from maternal tissue to the 
placenta and from there to the fetus, putting the newborn’s life at 
risk (Serafim et al., 2012) and particularly affecting 
neurodevelopment (Meyrueix et al., 2019).

Other common additives in MPs, including phthalates, 
bisphenol A, and parabens (Iribarne-Durán et al., 2022; Mejías 
et al., 2023), are particularly concerning due to their interference 
with the neuroendocrine system, which plays a crucial role in 
regulating physiological functions. Furthermore, studies indicate 
that when MPs are present alongside these harmful additives, they 
may exhibit synergistic toxicity, which intensifies the detrimental 
effects (Brachner et al., 2020; Lu et al., 2025).

Thus, MPs can not only trigger neurotoxicity and inflammation 
but also enhance endocrine disruption (Bai et al., 2024; Kim et al., 
2025). Regarding this, we should not forget that pregnancy is a 
particularly vulnerable period for the potential risks of endocrine 
disruptors (Leppert et al., 2020).

1.3 Microplastics can cross the placental 
barrier and accumulate in fetal tissues

MPs have been detected in a variety of human tissues, including 
ovarian follicular fluid (Montano et al., 2025), maternal blood and 
urine (Sun et al., 2024), the placenta (Bissonnette et al., 2025; Nair 
et al., 2025), and even the umbilical cord (see Table 2).

MPs have been found in maternal and infant paired samples (Bai 
et al., 2024), indicating that MPs can cross the placenta and 
blood–brain barrier, reaching fetal tissues, where they accumulate 
(Bai et al., 2024; Kim et al., 2025). In addition, other pollutants 
adsorbed to MPs, such as metals (Freire et al., 2019), parabens, and 
ultraviolet filters (Vela-Soria et al., 2017), can cross the placental 
barrier. The detection of MPs in the first neonate feces, known as 
meconium, provides further evidence that MPs can reach the fetus 
(Braun et al., 2021; Liu et al., 2023).

In animal experiments, when MPs derived from disposable 
paper cups (DPCs) were administered to pregnant mice, the 
particles were later detected in multiple tissues, with preferential 
accumulation in the fetus, placenta, kidney, spleen, lung, and heart, 
contributing to impaired phenotypes. A dose-responsive harmful 

TABLE 1 Overview of MPs neurotoxicity mechanisms.

Mechanism References Associated with References

↑Oxidative stress Cubas et al. (2022) and Ullah et al. (2023) Neurodegeneration Lu et al. (2025)

Endocrine disruption Bai et al. (2024) and Panneerselvam et al. (2025) Neurodevelopmental 
issues

Deng et al. (2017), Freire et al. (2018), and Singh et al. 
(2022)

Microbiota dysbiosis Fournier et al. (2023), Lee et al. (2024), and Saraluck 
et al. (2024)

Behavioral Prüst et al. (2020)

Inflammation Bhattacharyya et al. (2025) Dementia Bhattacharyya et al. (2025) and Lu et al. (2025)

Inhibition of 
acetylcholinesterase

Prüst et al. (2020)

Neurotransmitter disruption Prüst et al. (2020) Cognitive Deng et al. (2017); Jin et al. (2018), (2019); and Zheng 
et al. (2024)

↑Autophagia Lu et al. (2025)

Mitochondrial disruption Prüst et al. (2020) Behavioral Zheng et al. (2024)
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effect on fetal development and maternal physiology was observed 
(Chen et al., 2024).

Exposure of mated mice to polystyrene nanoplastics (PS-MPs) 
showed an elevated embryo resorption rate during the peri- 
implantation period that led to a reduction in the number and 
diameter of uterine arterioles, which might reduce the uterine blood 
supply and increase miscarriage risk. In addition, disturbances in 
immune cell and cytokine secretion were observed (Hu et al., 2021).

Prenatal exposure to toxins may be especially harmful, given that 
the developing brain is a more susceptible target to toxicity as neurons 
proliferate, migrate, and forge important synaptic connections to 
create an optimum adult brain structure (Rodier, 1995).

Animal experiments have demonstrated that exposure to PS- 
NPs influences the development of the offspring’s hippocampus and 
induces neurotoxicity, which contributes to a reduction in learning 
and memory function (Tian et al., 2025). Another study linked 
maternal exposure to MPs, such as polystyrene, to the development 
of metabolic disorders in the offspring (Luo et al., 2019).

Recent research has found a higher number of MPs (mainly PET 
and PPC) in the feces of infants than in adults, indicating that infants 
are exposed to higher levels of MPs than adults and to a probable 
microplastic accumulation during the gestation period (Zhang 
et al., 2021).

Worryingly, exposure to these pollutants continues after pregnancy: 
evidence shows the presence and concentrations of MPs (Liu et al., 2023; 
Saraluck et al., 2024), bisphenols, parabens (PBs), and benzophenones 
(BPs) in human breast milk (Iribarne-Durán et al., 2022) as well as in 
infant formula (Liu et al., 2023) and processed infant food products, such 

as milk-based infant formula and cereal-based complementary foods 
(Zhang et al., 2023). This evidence indicates that babies are exposed even 
after the gestational period, as also demonstrated by later MPs 
identification in infant feces (Liu et al., 2023).

In addition, MPs have been observed to change the bacterial 
composition of human milk (Saraluck et al., 2024), which may have 
implications for the establishment of the newborn’s intestinal 
microbiota. As another piece of evidence, a study using in vitro 
infant gut models has already found that MPs ingestion induces 
perturbations in the intestinal microbiome (Fournier et al., 2023).

In short, MPs found in blood, breast milk, and placenta raise 
concerns about fetal development and long-term health, 
compromising endocrine function and neurological development 
issues in offspring (Panneerselvam et al., 2025). Currently, a 
European project (AURORA) is underway to assess the effects of 
MPs exposure during pregnancy and early life (Durkin et al., 2024).

2 Microplastic neurotoxicity may 
disrupt enteric neuronal migration

The pregnancy period is highly sensitive, such that disturbances at 
any sequential steps can alter the normal embryonic development, 
during which a single-celled zygote undergoes multiple divisions and 
differentiations to give rise to a fully formed multicellular organism.

Exposure to MPs and NPs during early developmental stages may 
trigger neurotoxicity and inflammatory responses, which could cause 
abnormal embryonic development (Lu et al., 2025; Nair et al., 2025).

TABLE 2 Detection of microplastics and their co-adsorbed pollutants in maternal and fetal samples.

Sample Pollutant References

Ovarian follicular fluid Microplastics Montano et al. (2025)

Placenta Microplastics Aengenheister et al. (2018), Campanale et al. (2020), Braun et al. (2021), Ragusa et al. (2021), Bissonnette et al. (2025), Kim et al. 
(2025), and Nair et al. (2025)

Metals Freire et al. (2018)

Parabens Vela-Soria et al. (2017)

Benzophenones Vela-Soria et al. (2017)

Ammniotic fluid Microplastics Sun et al. (2024)

Umbilical cord Microplastics Sun et al. (2024)

Benzophenones DiNardo and Downs (2019)

Maternal urine/blood Microplastics DiNardo and Downs (2019) and Sun et al. (2024)

Benzophenones Huo et al. (2016) and DiNardo and Downs (2019)

Parabens Leppert et al. (2020)

Breast milk Microplastics Liu et al. (2023) and Saraluck et al. (2024)

Bisphenol Iribarne-Durán et al. (2022)

Parabens Iribarne-Durán et al. (2022) and Zhang et al. (2023)

Benzophenones Iribarne-Durán et al. (2022)

Meconium Microplastics Braun et al. (2021) and Liu et al. (2023)

Infant feces Microplastics Liu et al. (2023)
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This is especially true for congenital enteric neuropathies, such 
as Hirschsprung disease (HSCR, incidence 1/5,000), which is 
characterized by a deficient gastrointestinal innervation of the 
colon due to a failure of enteric neural crest cell migration 
during early embryogenesis (from 5 to 12 weeks) (Heuckeroth, 
2018). The regulation of this process is critical, with numerous genes 
and proteins involved in both migratory and colonization events 
(Lake and Heuckeroth, 2013). Although some mutations have been 
identified in HSCR, the condition is not fully explained by the 
genetic load (Tang et al., 2018; Luzón-Toro et al., 2020), and many 
non-genetic factors could also impair the development of the enteric 
nervous system (ENS) and contribute to the risk (Heuckeroth, 
2018). Therefore, identifying an environmental trigger may help 
prevent HSCR in some cases (Heuckeroth, 2015).

The main treatment for HSCR involves the surgical removal of 
the deficiently innervated (aganglionic) segment of the intestine. 
Later on, many patients undergo complications such as recalcitrant 
constipation, toxic megacolon, and enterocolitis, leading to 
compromised quality of life (Menezes and Puri, 2006). On the 
other hand, minor impacts on ENS development may not be 
sufficient to cause HSCR but may still produce mild clinical 
symptoms, such as continuous constipation. As a result, the 
maternal exposure during early pregnancy might be critical for 
developing congenital aganglionosis or, in milder cases, for the 
development of less severe motility disorders in children.

One of the main routes of MPs into the body is ingestion. When 
MPs enter the gastrointestinal tract, they may exert harmful effects 
through various mechanisms, including microbiota disturbances, 
mutagenicity, cytotoxicity, reproductive toxicity, neurotoxicity, and 
increased oxidative stress (Bazeli et al., 2023; Abass et al., 2025).

Exposure to MPs induces gut microbiota dysbiosis, intestinal 
barrier dysfunction, metabolic perturbations, and neurotoxicity in 
different rodents and disturbs metabolic dysfunction in the mouse 
brain and intestine. The results showed that MPs altered microbiota 
composition, accompanied by metabolic perturbations in the mouse 
gut and brain. Specifically, Firmicutes and Bacteroidetes were 
suggested to be important phyla for MPs exposure, partially 
dominating further metabolite alterations (Lee et al., 2024). Thus, 
MPs have been pointed out as disruptors of the gut microbiota, 
namely, to gastrointestinal dysbiosis (Lu et al., 2019; Li et al., 2020; 
Lee et al., 2024), which can later cause neurotoxicity and 
neurodegeneration (Niesler et al., 2021; Singh et al., 2022).

Additional mechanisms by which MPs affect the nervous system 
are as include inhibition of AChE activity, inflammatory responses, 
oxidative stress, mitochondrial dysfunction, autophagy–lysosomal 
injury, and dysbiosis of the intestinal microbiota (Lu et al., 2025).

Regarding specific MPs neurotoxic mechanisms that may 
negatively affect enteric neuronal growth and migration and thus 
result in deficient intestinal innervation, we found the following 
possible explanations: disturbing neuronal generation and synapse 
formation (Gupta et al., 2024), inhibiting expression of 
neurodevelopment-related genes, such as brain-derived 
neurotrophic factor (BDNF) (Lu et al., 2025), reducing neuronal 
number, inducing abnormal morphology, and affecting neuronal 
proliferation, differentiation, and migration (Tian et al., 2025).

Confirming our hypothesis, a recent study on pigs demonstrated 
that oral PET-MPs administration produces histological changes 
(injury of the apical parts of the villi, accumulations of cellular debris 

and mucus, eosinophil infiltration, and hyperemia) and also changes 
in the enteric nervous system of the porcine jejunum (Gałęcka and 
Całka, 2024).

Further animal experiments showed that when MPs extracted 
from disposable paper cups were administered to pregnant mice, a 
moderate exposure equivalent to 3.3 cups daily was sufficient to alter 
the cecal microbiome, disrupt global metabolic functions, and 
impair immune health, thereby increasing the risk of 
neurodegeneration and miscarriage (Chen et al., 2024).

In addition, even low concentrations of PS-NPs in 
Caenorhabditis elegans were sufficient to accumulate in the 
digestive system, compromise the intestinal barrier and induce a 
“leaky gut,” and penetrate into extraintestinal tissues. Moreover, NP 
exposure in C. elegans and human cells induced Parkinson’s disease- 
like symptoms, such as dopaminergic neuronal degeneration, 
locomotor dysfunction, and accumulation of α-synuclein 
aggregates (Jeong et al., 2024).

Finally, pregnant rats exposed to polystyrene nanoplastics 
during gestation and lactation exhibited abnormalities in cortical 
thickness and neuronal migration, characterized by increased 
proliferation of cortical cells and a decreased number of deep- 
layer neurons (Tian et al., 2025).

In summary, exposure to MPs and NPs during early 
developmental stages may trigger neurotoxicity and inflammatory 
responses, which could, among other effects, cause abnormal 
neuronal migration in the gut and impaired intestinal innervation.

3 Reducing exposure to microplastics 
during pregnancy as a 
preventive measure

Although MPs have reached all ecosystems and we are in a 
scenario where chronic and daily exposure seems unavoidable, there 
are ways to reduce it. The timing and duration of exposure during 
pregnancy play a critical role in the associated risk and harm 
(Panneerselvam et al., 2025).

We know that there are many compounds, drugs, and hormones 
that affect the gene-environment during development. The ENS is 
highly sensitive to these (Heuckeroth and Schäfer, 2016), making it 
likely that compounds from degrading MPs exert similar effects.

Although it is currently challenging to determine the precise risk 
without accurate quantification of human exposure, existing 
evidence from nutritional studies and animal experiments 
indicates a substantial risk to the fetus. Therefore, we 
recommend minimizing overall exposure to MPs.

The main sources of MPs exposure during pregnancy are 
identified as indoor dust (Zhang et al., 2020), tooth paste, food 
packaging, plastic bottles and cups, biomedical material, and 
cosmetics (Nair et al., 2025). Of concern here, the use of 
cosmetics by pregnant women is quite frequent (Li et al., 2019; 
Chan et al., 2023), maybe due to a lack of risk perception by 
consumers (Marie et al., 2016). However, we could recently 
describe the hazard neurotoxic potential of cosmetics for the 
future born (Jones et al., 2024).

Another important MPs source is dermal exposure through 
clothing microfibers, which have a non-negligible presence in 
some textiles, increasing the potential systemic risks. Here, it 
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should be taken into account that common final consumers of 
textiles with printed PVC are small children, who are the most 
vulnerable group due to their developmental status (Rovira and 
Domingo, 2019).

The water intake should also be noted: more than 105 particles 
have been quantified per liter of bottled water, the majority of which 
are nanoplastics (Qian et al., 2024). Although both tap and bottled 
water contain MPs, the concentration is higher in bottled water than 
in tap water. Taking this evidence into account, pregnant women 
should be encouraged to drink tap water instead of bottled water to 
limit the fetal exposure to MPs (Gambino et al., 2022).

The DPCs release millions of MPs when used for hot beverages. 
Even a moderate consumption of 3.3 cups daily in pregnant mice was 
sufficient to induce tissue-specific accumulation and metabolic and 
reproductive toxicities (Chen et al., 2024). The use of tea bags has also 
been reported to release high quantities of MPs into beverages (Banaei 
et al., 2024; Yaroslavov et al., 2025; Jayasekara et al., 2026).

Other recommendations for pregnant women (see Table 3) 
include avoiding single-use plastics and choosing MPs-free personal 
care products (Panneerselvam et al., 2025), keeping off seafood 
(Ferrante et al., 2022; Vega-Herrera et al., 2024), reducing the use 
of cosmetics (Guerranti et al., 2019), and dressing in natural fibers.

Finally, the use of feeding bottles, pacifiers, and plastic toys may 
serve as sources of MPs exposure for infants (Liu et al., 2023) and 
should therefore be avoided.

As a ray of hope, probiotics consumption seems to play a 
protective role against PS-MPs. Probiotics can re-balance gut 
dysbiosis and intestinal leakage induced by MPs, reducing 
inflammatory biomarkers and avoiding unnecessary activation of 
the immune system. Thus, probiotics may overcome the toxicity of 
PS-MPs in humans (Bazeli et al., 2023), and its consumption may be 
recommendable during pregnancy.

4 Concluding remarks

Altogether, microplastics may act as neurotoxicants, affect the 
nervous system, cross the placenta, and reach the fetus, making them 
likely disruptors of enteric nervous system development and proper 
intestinal innervation during fetal growth.

Overall, microplastic neurotoxicity appears as an aggravating 
factor for developing congenital enteric aganglionosis and, 
therefore, for postnatal motility disorders.

Therefore, although human exposure to microplastics has not 
yet been adequately measured and the precise risk remains 
uncertain, we recommend minimizing the exposure of future 
mothers to microplastics to protect the developing fetus from 
potential neurotoxic effects.
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TABLE 3 Safeguarding recommendations for pregnant women.

Reduce 
consumption of

Increase consumption of

Synthetic textiles Natural fiber textiles (i.e.: cotton, wool, and 
linen)

Plastic bottled water/drinks Tap water

Cosmetics MPs-free personal care products

Disposable plastic/paper cups MPs-free toothpaste

Packaged food Prebiotics

Single use plastics Glass or ceramic pots/recipients

Muscles and fish Daily home ventilation to remove indoor dust
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