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Abstract: Microplastics (MPs) pose a threat to marine organisms which mistake them for
food leading to ingestion-related toxicological effects. Exposure to virgin MPs triggers
activation of oxidative stress pathways and increases intestinal and hepatic inflammation.
Beached MPs suffer an ageing process that enhances their ability to adsorb pollutants and
therefore accentuates their toxicity. Prior studies in Dicentrarchus labrax determined that
chemical pollutants act synergistically with MPs in triggering inflammatory responses and
dysbiosis in fish intestine, and that plastic additives and contaminants bioaccumulate in
fish livers and muscle tissue and can therefore be subject to trophic transfer.

Here we assess the effects of beached MP ingestion in Sparus aurata juveniles fed a diet
containing either 10% virgin, 10% beached MPs or a control diet. Liver enzymatic activity
of oxidative stress biomarkers (glutathione-S-transferase, catalase, and superoxide
dismutase) was monitored over 80 days. Glutathione-S-transferase (GST) and catalase
(CAT) activity remained indistinguishable from controls. In contrast, SOD activity showed
a gradual increase for both MP diets, with differing dynamics. Virgin MPs peaked at day
60, whereas beached MPs exhibited consistently higher SOD levels that plateaued by day
80.

Expression of oxidative stress enzymes was quantified via RT-gPCR at day 39. GST and
CAT expression remained constant, mirroring the activity data, and SOD expression was
quadrupled for the beached MP diet. Oxidative stress transcription factor Hsp70 was
significantly upregulated for both MP conditions, with the beached MP diet showing a 2.5-
fold increase with respect to virgin MPs. Analysis of the liver cytokine expression via RT-
gPCR showed a pro-inflammatory profile with significant upregulation of TNFa and IL-13
for MP-fed fish. The expression of these cytokines was doubled when beached instead of
virgin MPs were used.

Overall these results demonstrate that beached MPs increase the toxicity of MPs causing
significant oxidative stress and inflammation in fish livers.
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