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The PLASTAMINATION project represents a comprehensive
scientific effort to address a critical gap in environmental
toxicology: the biological impact of biodegradable plastics.
While traditional petroleum-based plastics are well-docu-
mented for their persistence and degradation into harmful
microplastics (MPs) and nanoplastics (NPs), bioplastics like
poly-lactic acid (PLA) are often marketed as "environmental-
ly sustainable." However, this project highlights a sobering
reality: in sub-optimal conditions, these biodegradable mate-
rials undergo fragmentation processes similar to fos-
sil-based plastics, producing NPs that may pose significant
risks to both aquatic ecosystems and human health. The pro-
ject’s primary objective was to assess the toxicity of PLA-
NPs using both in vitro and in vivo models. Research fo-
cused on human dermal fibroblasts (HDF) to study uptake
via contact, as well as zebrafish (Danio rerio) and rat mod-
els to simulate ingestion and systemic exposure. To ensure
scientific consistency, the UNISA unit produced stan-
dardized PLA-NP suspensions, ensuring all units worked
with particles of similar physical characteristics. The project
was successfully concluded with significant findings con-
tributed by various research units. The UNIPA unit conduct-
ed experiments using two different batches of PLA-NPs of
varying sizes, testing them on early-stage larvae, juveniles,
and sexually active adult zebrafish. These studies used polys-
tyrene (PS) MPs as a negative control. The results indicated
that PLA-NPs, similar to fossil-based plastics, triggered toxic-
ity evidenced by increased cellular stress markers and physi-
ological alterations1. A critical discovery was the correlation
between particle size and toxicity. The study proved that

smaller-sized PLA-NPs had a significantly higher internaliza-
tion capacity. This was observed in both the HDF cell lines
and the developing zebrafish, suggesting that smaller parti-
cles possess a greater potential for systemic harm. As the in-
vestigation progressed to chronic toxicity, researchers in-
vestigated long-term molecular mechanisms across various
organs. The findings highlighted that the gastrointestinal
system was a major site of accumulation, where PLA-NPs
caused the disruption of the intestinal barrier and altera-
tions to the mucus layer. Further damage was analyzed
across the brain, liver, and reproductive organs and gamets.
Additionally, the project evaluated the antioxidant plant
Lemna minor as a potential anti-toxic agent within the aqu-
atic culture systems. Ultimately, the PLASTAMINATION pro-
ject provided essential evidence that the "sustainable" label
of bioplastics does not exempt them from environmental
risk. The results underscored that PLA NPs internalize in a
size- and concentration-dependent manner, causing physio-
logical damage and organ-specific alterations that mirror
the hazards of traditional, fossil-based plastic pollution.

The experiments were conducted as part of the PRIN pro-
Jject “Plastic Contamination by Poly(Lactic Acid) (PLASTAMI-
NATION): organ lesions and underlying molecular mech-
anisms”, MUR, PRIN-PNRR2022 CODE NUMBER:
P2022AA47Y-CUP: B53D23032060001.
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