
Conclusions
Results indicate that apart from showing hepatotoxicity-related effects
on liver gene expression and EROD activity, APAP might also exert
some endocrine activity in zebrafish, since VTG protein levels and
endocrine-related genes were differentially expressed in adult females.
Moreover, results show that hepatotoxic and endocrine-mediated
responses to APAP clearly differ between sexes and life-stages, which
indicates that there are general differences in liver metabolism and

hormone system that need to be considered for the testing of
hepatotoxicants. Finally, chronic exposure to APAP leads to mortality of
adults at much lower concentrations (LC100: > 10 < 100 mg/L) than in
acute exposure experiments with both adult and embryonic zebrafish
(LC50: 1200 mg/L), thus indicating that exposure duration is a crucial factor
for toxic effects by APAP. It should be noted, however, that − in any case −
effects only occur at environmentally non-realistic conditions.

Methods
Zebrafish were exposed to different concentrations of APAP according to OECD
TG 236 (Fish Embryo Toxicity test, FET) and TG 230 (21-Day Fish Assay).
Various hepatotoxicity- and endocrine system-related endpoints were
recorded to investigate how APAP interferes with liver function and
metabolism.

Endpoints and biomarkers measured included:
• lethal and sublethal APAP concentrations for zebrafish adults and embryos;
• mRNA expression of different endocrine-related (vtg1, vtg3 and esr1) and
hepatotoxicity-related marker genes (fabp10a, apoa1, cyp2k19 and cyp3a65)
in livers of adult zebrafish;

• vitellogenin protein concentration in head/tail homogenates of adult
zebrafish;

• liver histopathology of adult zebrafish;
• in vivo-EROD activity in whole bodies of zebrafish embryos.

Background
Acetaminophen (APAP), also known as paracetamol, is a common analgesic and
antipyretic drug, which can induce hepatotoxic side-effects in mammals. APAP
is bio-activated by cytochrome P450 enzymes in the liver, leading to the
production of reactive metabolites that may cause oxidative stress, thiol
oxidation and lipid peroxidation that can finally result in mitochondrial injury
and cellular necrosis of hepatocytes. These adverse effects are well described
and mechanistically documented for mammals; for fish, however, only few
studies on acute exposure of embryonic and larval life-stages have been
published so far. The latter studies mainly focused on general toxicity, rather
than investigating effects specific for liver metabolism in exposed fish. Even
more so, long-term effects have not been described for fish.
Consequently, the aim of our study was to investigate toxic effects of APAP on
liver function of zebrafish (Danio rerio) with special emphasis on chronic
exposure and differences between various life-stages and between genders.
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Results	- Embryos

Results	- Adults

Female zebrafish Male zebrafish

Gene Expression Gene Expression

vtg1 -

Endocrine- 

related genes

vtg1 -

vtg3 - vtg3 -

esr1 ↓ esr1 -

fabp10a ↑

Hepatotoxicity- 

related genes

fabp10a -

cyp2k19 ↑ cyp2k19 ↓

apoa1 - apoa1 -

cyp3a65 ↑ cyp3a65 -

Mortality: 100% at 100 mg/L, 0% at 1 and 10 mg/L
Histology: No effect
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FET – acute toxicity FET – sublethal effects


