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Resumen

Este estudio evalla los efectos de micro- y nanoplasticos de tereftalato de polietileno (PET) y polipropileno (PP) sobre cul-
tivos primarios de células del sistema nervioso central (SNC), compuestos por neuronas y células gliales. Las células fueron
expuestas durante 28 dias a concentraciones de 100 y 500 pg/mL de PET y PP. Las imigenes obtenidas mediante microscopia
de contraste de fases se analizaron con FIJI para cuantificar areas v acias y 1a proliferacion glial. Los resultados mostraron que
PET100 y PP500 provocaron las alteraciones morfoldgicas mds significativas, con aumento de zonas sin &lulas y de clulas glia-
les, 1o que sugiere una respuesta de estiés celular asociada a reactividad glial. La metodologia aplicada permitié un seguimiento
no invasivo a lo largo del tiempo, sin afectar la viabilidad celular. Estos hallazgos subrayan el potencial impacto neurotdxico de
los microplasticos y respaldan el uso del andlisis automatizado de imiAgenes como herramienta til para evaluar contaminantes
ambientales en modelos in vitro del SNC.
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Abstract

This study investigates the effects o f p olyethylene t erephthalate ( PET) a nd p olypropylene ( PP) m icro- a nd n anoplastics on

primary central nervous system (CNS) cell cultures containing neurons and glial cells. Cultures were continuously exposed for

28 days to PET and PP at 100 and 500 pg/mL. Phase-contrast microscopy images were acquired at multiple time points and
analyzed using FIJI software to quantify non-cellular (void) areas and glial cell coverage. The most significant morphological
alterations were observed in PET100 and PP500 conditions, showing increased void areas and glial proliferation compared to
controls. These changes suggest a stress response consistent with glial reactivity. The method enabled non-invasive, longitudinal
analysis without affecting cell viability and demonstrated the value of phase-contrast imaging for toxicological assessment. The
approach proved reproducible and scalable, supporting its use in mechanistic studies. Overall, the findings highlight the potential
neurotoxic impact of environmental microplastics and the usefulness of image-based tools for evaluating long-term effects in in
vitro CNS models.
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1. Introduccion

Plastic pollution has become a global health and environ-
mental concern due to the massive production and poor ma-
nagement of synthetic polymers. Among the most persistent
and biologically active by-products of plastic degradation are
microplastics (particles <5 mm) and nanoplastics (particles
<1 um), which result from the fragmentation of larger plastic
items or are manufactured intentionally for use in industrial
and consumer products (Shruti et al., 2023). These particles
are widespread in aquatic environments, food chains, and even
indoor air, increasing human exposure risk through ingestion,
inhalation, and dermal contact.

Recent studies have confirmed the accumulation of micro-
and nanoplastics in human tissues, including the gastrointes-
tinal tract (Li et al., 2024), placenta (Ragusa et al., 2021),
and even the brain (Nihart et al., 2025). Alarmingly, nano-
plastics have also been detected in maternal breast milk (Bu-
gatti et al., 2023), indicating potential early-life exposure. In
patients with asymptomatic high-grade carotid artery steno-
sis, micro- and nanoplastics have been identified within athe-
romatous plaques, suggesting their role in inflammatory and
thrombotic processes in vascular tissues.

Beyond their accumulation in critical organs, microplas-
tics may affect systemic health through disruption of the in-
testinal microbiota. Studies suggest that ingested nanoplas-
tics can alter the diversity and composition of the gut micro-
bial ecosystem, favoring the growth of pro-inflammatory bac-
terial populations while reducing beneficial commensals (Li
et al., 2024). This dysbiosis can contribute to chronic low-
grade inflammation, immune system imbalance, and even neu-
roinflammation via the gut-brain axis. Given the established
connection between gut health and neurological conditions,
these findings highlight a potential indirect pathway by which
environmental microplastics may influence CNS function.

At the cellular level, nanoplastics have been shown to
induce inflammation, oxidative stress, and functional dis-
ruptions in neural systems. Microglial cells can internali-
ze polystyrene nanoplastics, triggering reactive gliosis and
altered gene expression linked to chronic neuroinflamma-
tion (Paing et al., 2024). Astrocytes, while not undergoing
apoptosis, respond with increased reactivity (astrogliosis), a
hallmark of neurotoxic stress (Jung and Ryu, 2025). These ef-
fects are especially concerning in the context of developing or
aging brains, where cellular plasticity and resilience are com-
promised.

Despite these findings, many studies rely on endpoint ob-
servations using fixed or stained samples, which prevent con-
tinuous monitoring of culture dynamics and may introduce ar-
tifacts. There is a growing need for non-invasive methodolo-
gies capable of assessing the biological effects of environmen-
tal contaminants over time, especially in delicate cell systems
such as primary cultures of CNS neurons and glial cells.

The main objective of this study has been to develop a non-
invasive and automated methodology to assess the morpholo-
gical impact of micro- and nanoplastics on CNS cell cultures.
We propose the use of FIJI software (Schindelin et al., 2012)
to quantify the proportion of void areas within the cultures and
to quantify the number and distribution of glial cells in culture
over time. By applying automated image processing techni-

ques to phase contrast microscopy images, this work aims to
provide a robust and reproducible tool for the evaluation of
environmental neurotoxicants preserving culture viability and
enabling longitudinal analysis.

The remainder of this paper is structured as follows: Sec-
tion 2 describes the experimental design and the image pro-
cessing techniques used. Section 3 presents the results of the
image analysis. Section 4 discusses the implications of the-
se findings, and Section 5 outlines the conclusions and future
research directions.

2. Methods

2.1. Cell Culture Preparation

Primary cultures of central nervous system (CNS) cells
were obtained from the cerebellum of Wistar rats aged 7-8
days. All procedures were conducted in compliance with ethi-
cal standards and approved protocols at the University of
Oviedo. Cerebellar tissues were enzymatically dissociated and
seeded into culture dishes, allowing for the coculture of neu-
rons and glial cells.

From the first day of culture, cells were exposed to mi-
croplastic particles of two types: polyethylene terephthalate
(PET) and polypropylene (PP), each at two concentrations:
100 ug/mL and 500 pg/mL. A control group was maintai-
ned under identical conditions without microplastic exposure.
Cultures were incubated at 37 °C in a humidified atmosphere
containing 5 % CO,. To monitor morphological changes over
time, phase-contrast images were acquired at four time points:
days 5, 14, 18, and 28. For each condition and time point, six
non-overlapping fields of view were captured using an Olym-
pus IMT-2 inverted microscope equipped with a 10X objec-
tive. The resulting dataset provided a robust basis for image-
based quantification of cell behavior across treatment condi-
tions.

2.2.  Image Acquisition and Processing

Images were captured in grayscale and stored in TIFF for-
mat at a resolution of 640x480 pixels (307,200 total pixels per
image). All image processing was conducted using FIJI (Ima-
gel) (Schindelin et al., 2012), a distribution of ImageJ optimi-
zed for biological image analysis. Custom macros were deve-
loped to automate repetitive processing steps and standardize
parameter application across all samples.
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Figura 1: Schematic overview of the experimental design and image proces-
sing workflow.

Figure 1 summarizes the experimental and computatio-
nal workflow from culture preparation to quantitative image
analysis. After image acquisition three different processes are
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applied in parallel in order to extract information that charac-
terize the cultures behavior when subject to environments with
microplastics: void areas quantification, glial cells and neu-
rons.

Figura 2: Neuron cultures images at several processing stages with FIJI to
visualize void areas. A) Original image; B) After Find Edges filter; C) After
Despeckle filter; D) Void areas identified after Analyze Particles filter.

2.3.  Quantification of Void Areas

To assess cellular degradation or decreased confluence due
to microplastic exposure, we quantified empty (non-cellular)
regions in each image by applying the following filters (see
Figure 2 for an example):

Figura 3: Culture images at several processing stages with FIJI to visualize
glia cells. A) Original image. B) After Enhance Contrast filter. C) Glia cells
identified after Analyze Particles filter.

= First, the Find Edges filter was applied to enhance ce-
Ilular boundaries.

= The resulting image was binarized using automatic th-
resholding, followed by the Despeckle function to re-
move noise, i.e., small artifacts, while strengthening the
big artifacts.

= Using Analyze Particles filter, objects were filtered
by size (minimum 150 px) and circularity (0.00—1.00).
Particles smaller than 10,000 px were excluded to avoid
counting small intercellular gaps or artifacts.

» The void area was calculated as the cumulative area of
the remaining objects, expressed as a percentage of the
total image area (307,200 px).

The process was fully automated using a FIJI macro and
the output exported in CSV format for statistical analysis.

2.4. Glial Cells Analysis

To evaluate the response of glial cells, mainly astrocytes,
to exposure to the plastics, the following procedure was ap-
plied:

= Image contrast was enhanced using the Enhance
Contrast tool with the option Histogram
Equalization enabled.

= A manual threshold was adjusted per image to dis-
tinguish astrocytes from background based on typical
morphology and intensity. Dark Background option
should be disabled to assure that the astrocytes highlight
white over black.

= Analyze Particles was then run with a size th-
reshold of 150 px and circularity range 0.10-1.00.

= The background was set to light and objects were coun-
ted based on area and shape descriptors.

= QOutput metrics included total cell count, individual and
mean cell area, perimeter, and circularity.

Figure 3 shows an example of this procedure. As with
the void area analysis, custom macros ensured reproducibility
across datasets. The data were compiled and analyzed using
Microsoft Excel and FIJT’s Results Table export.

Figura 4: Culture images at several processing stages with FIJI to visuali-
ze neuron cells. A) Original image; B) After Brightness Threshold filter; C)
Neuron cells identified after Analyze Particles filter.
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2.5. Neurons Analysis

In order to analyze the behavior of neurons due to expo-
sure to the microplastics, the following processing procedure
was applied (see Figure 4 for an example):

= A brightness threshold was applied to binarized the ima-
ge using the Brightness & Contrast tool.

= The most adequate threshold for each image was cal-
culated manually. It was found that for these data set
images, 200 was an optimum value for most cases.

= Analyze Particles was then run with a size th-
reshold of 100 px and circularity range 0.10-1.00.

= QOutput metrics included total cell count, individual and
mean cell area, perimeter, and circularity.

2.6. Reproducibility and Data Handling

All image processing steps were standardized using ma-
cros and documented parameter sets. Intermediate outputs we-
re visually inspected to confirm segmentation accuracy. CSV
files were structured to facilitate downstream statistical analy-
sis, and all scripts are available upon request.

3. Results

Exposure to PP and PET resulted in an increased per-
centage of empty areas in the cultures. The area and num-
ber of glial cells showed condition-dependent variations, with
PET100 and PP500 showing an increase in the number of glial
cells at intermediate and late stages of exposure. These chan-
ges were observed consistently across multiple images, vali-
dating the robustness of the automated approach. Results for
neuronal counting were less consistent across experiments: in
some cases the total number of neurons in culture was not af-
fected over time, while in other experiments a decrease in the
number of neurons in culture was observed. More experiments
are needed to extract sound conclusions.

The remaining of this section presents the quantitative re-
sults obtained from image analysis of primary CNS cell cultu-
res exposed to microplastics. Results are organized by measu-
rement type: void area, glial cell area, and glial cell number,
as can be seen in Table 1. No results for neuronal counting
are presented until more experiments are conducted. Data we-
re extracted from six non-overlapping microscopy images per
condition at four time points: days 5, 14, 18, and 28.

3.1. Void Area Analysis

Figure 5 shows the evolution of the percentage of void
(empty) area in the cell cultures. In the control group, a gra-
dual increase in empty space was observed, reaching 27.10 %
at day 28, likely due to natural culture aging. In contrast,
microplastic-treated cultures exhibited a significantly higher
void percentage.

PET100 showed an increase from 22.97 % (day 5) to
63.86 % (day 28), while PP500 peaked at 52.13 % (day 14),
dropped to 40.84 % (day 18), and then reached 73.43 % at day
28. On the other hand, PET500 and PP100 showed moderate
increases with smoother fluctuations.

These results suggest that exposure to PET100 and PP500
may have affected the cellular adhesion mechanisms of glial
and neuronal cells to the culture dish surface, causing the ob-
served increase in the non-cellular surface over time.
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Figura 5: Void area percentage evolution between days 5 and 28 for different
treatment conditions.

3.2.  Glial Cell Area Occupation

Figure 6 illustrates the relative area occupied by glial cells.
The control condition showed steady growth from day 5 to day
28, reaching 3.89 %. Treatments with PET and PP produced
distinct patterns.

While PET100 peaked at 4.50 % on day 18, and then
slightly decreased to 3.85 %, PET500 remained stable around
4 % before falling to 3.35 %. On the other hand, PP100 fluc-
tuated more, with 4.44 % on day 5 and 3.26 % at the endpoint,
and PP500 showed progressive growth, reaching 4.32 % at
day 14 and stabilizing near 4.12 %.

These results may be consistent with glial activation due
to the presence of PET100 and PP500 in the culture medium
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Figura 6: Area occupied by glial cells evolution between days 5 and 28 for
different treatment conditions

3.3. Total Glial Cell Count

The total number of glial cells per image, see Figure 7, also
varied across conditions. While the control culture increased
from approximately 12 to 22 cells/image between day 5 and
28, PET100 and PET500 showed higher counts, reaching up
to 50 cells/image. On the other hand, PP100 fluctuated and
declined slightly toward the final time point, and PP500 in-
creased steadily, with some variability, reaching values com-
parable to PET100.
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These data support the hypothesis that exposure to PET
and PP microplastics can cause alterations in morphology and
division rate of CNS glial cells.
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Figura 7: Average number of glial cells evolution between days 5 and 28 for
different treatment conditions.

3.4. Interpretation of Cell Morphology and Viability

Although total cell count did not drastically differ across
groups, qualitative differences in distribution, morphology,
and organization were observed. Cultures treated with micro-
plastics tended to show disrupted spatial arrangements and
morphological abnormalities in the present glial cells. These
may indicate functional changes not captured by density me-
trics alone, warranting further investigation via complemen-
tary imaging and molecular assays Li et al. (2024); Paing et al.
(2024); Jung and Ryu (2025).

4. Discussion

The results presented in this study demonstrate that ex-
posure to microplastics—specifically PET and PP at concen-
trations of 100 ug/mL and 500 ug/mL—induces measurable
morphological changes in CNS cells in primary culture. Cul-
tures treated with these particles exhibited higher void areas,
increased glial cell coverage, and elevated glial cell counts
compared to untreated controls. Among all tested conditions,
PET100 and PP500 induced the most pronounced effects, in-
dicating that effects of these toxicants may depend on polymer
type and concentration.

The changes in morphology we observed align with gro-
wing evidence showing that micro- and nanoplastics accumu-
late in human tissues. Particles have been found in the gastro-
intestinal tract, placenta, and even the brain Li et al. (2024);
Ragusa et al. (2021); Nihart et al. (2025). Brain accumulation,
in particular, raises concerns about long-term neurotoxic ef-
fects, especially in vulnerable populations. Although our mo-
del is in vitro, the observed disruption of culture integrity and
glial overactivation suggest that microplastics may have di-
rect structural and functional consequences on CNS cells un-
der prolonged exposure.

Previous studies have shown that polystyrene nanoplas-
tics can lead to the activation of microglia, trigger neuroin-
flammation, and alter gene expression in exposed neural tis-
sues Paing et al. (2024). These effects could be responsible for

the effects we observed in this study. Likewise, astrocytes are
known to undergo reactive astrogliosis under neurotoxic stress
without direct apoptosis Jung and Ryu (2025), consistent with
our morphological observations.

Furthermore, indirect systemic mechanisms such as
gut-brain axis signaling have been proposed as potential path-
ways for microplastic-induced neurotoxicity. Ingested micro-
plastics can disrupt the gut microbiota, leading to dysbiosis
and the release of pro-inflammatory signals that affect the
brain Li et al. (2024). Although this mechanism was not di-
rectly assessed here, our findings complement such hypothe-
ses by revealing cellular changes consistent with chronic in-
flammatory stress.

This study demonstrates the utility of automated image
analysis for non-invasive monitoring of culture viability. By
segmenting void areas and glial cells from phase-contrast ima-
ges using FIJI Schindelin et al. (2012), we obtained robust in-
dicators of culture health without the need for cell staining.
This enables longitudinal studies and enhances reproducibi-
lity.

However, there are limitations to acknowledge. Phase-
contrast imaging lacks molecular specificity, and threshold-
based segmentation may introduce operator bias despite stan-
dardization. The classification of glial cells was based on
morphological features and should be validated using immu-
nofluorescence markers in future work. The dataset could also
benefit from dynamic analysis or time-lapse imaging to un-
derstand the temporal evolution of microplastic effects more
accurately.

In summary, this study reinforces existing concerns about
the neurobiological impact of microplastics. Even in the ab-
sence of direct toxicity to neurons, structural degradation and
glial activation suggest significant stress responses in CNS
cultures. These findings warrant further investigation using
more complex co-culture models, molecular profiling, and in-
tegration with gut microbiota-derived signals to better unders-
tand the systemic risks posed by environmental plastic expo-
sure.

5. Conclusions

This study provides experimental evidence that exposure
to micro- and nanoplastics, specifically PET and PP particles,
induces significant morphological changes in primary central
nervous system (CNS) cell cultures. Using a non-invasive ima-
ge analysis pipeline, we demonstrated that treated cultures
exhibit increased void areas and enhanced glial cell prolifera-
tion compared to untreated controls. These effects were espe-
cially pronounced for PET100 and PP500 conditions, regard-
less of dose.

Our findings are consistent with recent reports of micro-
plastic accumulation in human tissues and their potential to
trigger neuroinflammatory responses through direct cellular
contact or systemic pathways. Although this work was con-
ducted in a simplified in vitro system, the structural disrup-
tions and glial responses observed reflect key aspects of envi-
ronmental neurotoxicity.

The methodological approach employed, based on phase-
contrast imaging and automated segmentation, proved effecti-
ve in quantifying culture integrity and glial behavior over time
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without compromising cell viability. This supports the use of
label-free image analysis as a valuable tool for environmental
toxicology research.

FlJI-based image processing provides an effective and sca-
lable method for analyzing morphological changes in CNS
cultures exposed to microplastics. The findings emphasize the
importance of automated, non-invasive tools for neurotoxico-
logical research and reinforce the need for further studies into
environmental pollutants’ neurological impact.

Future studies should incorporate molecular assays, neu-
ronal markers, and dynamic imaging techniques to explo-
re mechanisms of toxicity more comprehensively. Integrating
microbiota—brain axis models may also help elucidate indirect
pathways of plastic particle effects on the CNS.

In conclusion, our results underscore the need for further
investigation into the biological impacts of environmental
plastic contamination and advocate for increased attention to
microplastic exposure as a factor in neurological health.
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VOID AREA GLIAL CELLS COUNT | GLIAL CLs’ OCCUPIED AREA
ID DAY 05 DAY 14 DAY 18 DAY28 | D05 D14 D18 D28 | D05 D14 D18 D28
CT-1 39%  204% 959% 3651 % 9 16 9 36 | 1.22% 149% 137% 3.90%
CT2 1532% 53% 3575% 17.72% 1 22 10 34 | 012% 3.48% 132% 4.39%
CT3 19.9 % 8.2% 184%  37.9% 24 20 22 38 21% 26% 32% 55%
CTA4 4.3 % 22.1 % 15.1 % 13.3% 11 26 12 21 1.5% 39% 21% 33%
CT>5 25.2 % 16.3 % 9.5% 39.6 % 6 19 14 24 1.0% 29% 23% 33%
CT-6 24.1 % 3.5% 28.0 % 17.6 % 25 15 13 27 39%  27% 1.6% 3.0%
MEAN 155% 126% 194% 271 % 13 20 13 30 1.7% 29% 20% 39%
SD 9.45 8.00 10.53 12.07 10 4 5 7 1.30 0.84 0.72 0.94

PETI100_1 | 124% 244% 515%  68.1% 9 39 38 36 09% 51% 51% 42%
PETI002 | 242%  335% 348%  68.8% 37 28 26 23 46% 41% 36% 38%
PETI003 | 288%  308% 569%  574% 26 25 32 31 38% 34% 49% 35%
PETI1004 | 26.1% 356% 399% 52.7% 25 45 26 31 29% 64% 43% 4.0%
PETI005 | 332% 373% 563%  65.7% 29 29 29 22 37% 37% 53% 33%
PETI006 | 13.0% 409% 451% 704 % 23 23 25 29 26% 31% 37% 44%
MEAN 230% 337% 474% 639 % 25 32 29 29 [ 31% 43% 45% 39%
SD 8.48 5.71 9.03 7.14 9 9 5 5 1.28 1.27 0.72 0.43

PETS500_1 | 283% 451%  46.6%  68.4% 36 36 27 40 46% 44% 41% 34%
PET5002 | 288% 245% 504%  512% 39 35 29 23 47% 39% 38% 33%
PET5003 | 180% 443% 524% 533 % 35 23 32 50 43% 24% 43% 52%
PET5004 | 293% 470% 573%  55.6% 32 32 29 28 33% 33% 48% 3.0%
PET5005 | 27.1%  569%  57.7%  60.9 % 9 36 29 29 1.5% 38% 49% 3.7%
PETS5006 | 33.7% 584% 490%  45.6% 44 36 22 15 56% 45% 27% 15%
MEAN 275% 460% 522% 558% | 32 33 28 31 | 40% 37% 41% 33%
SD 5.18 12.15 4.49 7.95 12 5 3 12 1.41 0.78 0.82 1.21

PP100_1 322% 399% 470%  56.7% 24 28 34 32 32%  28% 48% 27%
PP100_2 258%  484% 51.1% 562 % 35 35 35 24 48% 46% 46% 28%
PP100_3 330% 427% 493% 49.0% 31 40 33 47 49% 49% 37% 4.8%
PP100_4 2716% 591% 621%  50.7% 36 27 42 19 47% 32% 50% 1.9 %
PP100_5 213%  43.6% 38.6% 443 % 28 46 28 50 49% 41% 31% 43%
PP100_6 9.9 % 351% 421%  51.6% 31 38 44 24 42% 34% 54% 3.0%
MEAN 250% 448% 484% 514 % 31 36 36 33 | 44% 38% 44% 33%
SD 8.53 8.26 8.16 4.63 4 7 6 13 0.68 0.84 0.89 1.06

PP500_1 168% 525% 459%  T72.6% 32 37 36 46 42% 45% 52% 4.6%
PP500_2 31.8% 675% 502%  68.6% 27 38 33 41 39% 50% 53% 39%
PP500_3 315% 414% 358%  73.0% 28 43 23 47 38% 51% 28% 38%
PP500_4 335% 433% 366% 763% 34 37 30 30 49% 43% 37% 29%
PP500_5 208% 506% 403%  69.2% 2 34 31 42 03% 36% 37% 4.6%
PP500_6 421% 575% 362%  80.8% 37 33 36 46 56% 35% 55% 50%
MEAN 294% 521% 408% 13.4% | 27 37 32 42 | 38% 43% 44% 41%
SD 9.15 9.60 5.97 4.58 13 4 5 6 1.83 0.67 1.09 0.77

Tabla 1: Observed data for control cultures (CT_X) and experimental cultures subject to different microplastics at day 5, day 14, day 18 and day 28 organized
into three types of measurements: void area, number of glial cells found, and area occupied by glial cells.
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