
Results

* Statistically differences (Independent samples T-test or 

Mann-Whitney U test, p < 0.05)

** Statistically differences (Independent samples T-test or 

Mann-Whitney U test, p < 0.001) between the exposed and 

control organisms. 

➢ STX exposure led to global genome hypomethylation, possibly due to altered activity of key epigenetic machinery

➢ The altered DNA methylation landscape likely elicits alterations at the transcriptomic level, probably resulting in an impaired 

antioxidant metabolism (inhibited CAT activity) and then oxidative stress onset (increased TBARS levels)

➢ Oxidative stress-related changes on ChEs activity can explain the reduced heart rate and feeding rate

➢ STX impairs D. magna physiological function and behavioral patterns, potentially compromising organisms' overall fitness

Takeaway

• A STX concentration deemed safe for humans by the WHO induces extensive 
deleterious effects on D. magna.

• Changes in the epigenetic landscape could serve as the initiating events in a putative 
STX AOP.

• HABs and aquatic toxins occurrence in ecosystems are predicted to rise, reinforcing 
the need for further work.
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Background

Saxitoxin (STX) and its derivatives are dangerous 
naturally occurring aquatic neurotoxins produced by 
freshwater and marine phytoplankton species during 
harmful algal blooms (HABs). 

STX high toxicity and adverse impacts towards 
humans are well known, however its effects on the 
aquatic biota are less unexplored. 

Aim

To fill some of the existent gaps, this work aims at 
assessing the effects of a pulse acute 24 h exposure 
to the safety guideline established by the World 
Health Organization for STX in recreational 
freshwaters (30 μg L-1) [1], thus simulating a 
possible exposure that may occur in a 
freshwater ecosystem.
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Methods

WHO safety guideline

30 μg L-1

STX concentrations found in 
natural freshwaters

0.020 to 193 μg STX L-1 [2]

Environmental relevance

Exposure1

➢ Daphnia magna juveniles (4 days old)

➢ 5 replicates per condition

24-hour exposure

Biomarkers2

Total 5-methylcytosine (5-mC) DNA methylation levels
EpigenTekTM MethylFlash Global DNA Methylation ELISA kit

Epigenetics

CH3

Biochemical

Antioxidant enzymes activity
Colorimetric assay

Lipid peroxidation (TBARS)
Colorimetric assay

Genotoxicity

DNA damage levels
Alkaline comet assay

Neurotoxicity & Behavioral

Total cholinesterases (ChEs) activity
Colorimetric assay

Behavioral patterns
Viewpoint ZebraBox analysis

Physiological

Feeding rate
Post-exposure feeding inhibition assay

Heart rate
Visual counting using slow motion videos
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Biochemical

Epigenetics

CH3

Genotoxicity
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A putative Adverse Outcome Pathway (AOP) for STX effects on 

Daphnia magna, developed based on the supporting evidence 

from the present study and on information from other works [3] 
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