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Xenobiotics produce distinct metabolomic responses  
in zebrafish larvae (danio rerio) 

 

 

 

 

Synopsis 

 

In order to test the hypothesis that sublethal exposure of Zebrafish to individual chemicals could 
be fingerprinted using metabolomics, embryo/larvae were measured following 24−48 hpf (48 
hpf) or 96−120 hpf (120 hpf) exposures to 13 contaminants such as endocrine disrupting 
compounds (EDCs), petroleum-derived compounds, performance chemicals, pharmaceuticals 
and personal care products (PPCPs), and heavy metals.  

A total of 208 metabolites was measured: 21 amino acids (AA), 21 biogenic amines (BAs), 4 
bile acids, Σhexose, 17 fatty acids (FAs), among others. This is the first toxicometabolomic 
fingerprinting study of its kind.  

Findings: 

 The 96−120 h post-fertilization developmental stage was the most appropriate model for 
detecting xenobiotic-induced metabolomic perturbations. 

 In the larvae, the highest concentration of CuSO4 (7.1 μM) and CdCl2 (5μM) induced 
lateral recumbence in approximately 10% of the exposed animals. 

 Organogenesis was not more sensitive to chemical exposure.  

 There were far more changes in larvae metabolites, ranging from 8 in the PFOS exposed 
group to 68 in the T3 treated group. 

 Based on metabolome response, the ZF larval stage is a more sensitive and appropriate 
model for toxicometabolomic profiling. 

 The lack of response to Triclosan may also reflect a species-specific sensitivity. Widen 
diversity of the ZF breed used is important. 

 Less than 33% of the target metabolites were affected by chemical treatments and less 
than 30% of those altered metabolites exhibited a 2-fold or greater change relative to 
their carrier controls. CdCl2 and MeHg induced a strong concentration dependency, 
where the number of significantly affected. 

 The variance of the PLS-DA model was primarily driven by lipids. This model showed no 
significant separation between experiments and has a weak cross validation score (Q2 
= 0.3; permutation p-value = 0.01), indicating a lack of robustness, contrary to models 
above 0.4 and below 0.05. 

Zebrafish (Danio rerio) embryos curled up in their chorion at 24 hpf.  

Source: xmaslectures.imascientist.org.uk 

http://axys.wpengine.com/axys-life/research-project-support/zebrafish-services/
http://axys.wpengine.com/axys-life/mrm-based-metabolite-analyses-2/
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 Metabolites increased at greater chemical concentration. The opposite trend was 
observed for PPCPs. 

 PFOS exhibited similar responses in which the lowest dose induced the strongest 
metabolomic changes.  

 As expected, control groups displayed a high degree of similarity between their 
metabolite concentrations. In contrast, distinct patterns were noted for the 12 chemical 
groups, which formed two major clusters consisting of heavy metals, controls, and 
effluent in one group and remaining substances in another. 

 AAs were the major drivers in metabolomic changes for all six chemicals, while FAs 
and PCs were also important in MeHg and FLX exposed animals. 

 Since fewer than 10% of the significantly affected metabolites exhibited a greater than 
typical 2-fold change relative to their controls, absolute concentrations can be used to 
detect unique and significant molecular responses but are minute in magnitude.  

 T3 treatment induced the most distinct metabolite concentration profile in ZF larvae, 
followed by the effluent exposed group.  

 PCA displayed good separation of the overall metabolomic responses of treatment 
groups from the carrier control. Three major clusters can be seen on the PCA plot, 
where the FLX groups, PFOS, and effluent separated out along the first component. 
This demonstrates that chemical-specific metabolomic responses can be detected in 
the presence of a matrix. 

 Effluent exposure induced the most distinctive metabolite concentration profile among 
the different groups. 
 

Applications 

 Improving sensitivity for detecting biological responses to low-level xenobiotic 
exposures. 

 Aid the classification of novel contaminants based on the similarity of metabolomic 
responses to well-characterized “model” compounds.  

 Become a faster and more cost-effective method with molecular-level information in 
compliance with the Replacement, Reduction, and Refinement principles of ethicacy in 
animal use.  

 

If you have any questions, please feel free to contact us. 

 

You can access the full version of the article here! 

 

If you want to find out more, follow us  and share this post now! 

 

Resources 

We could use a video like this one to show other audiences part of the process. 

Larissa Williams microinjecting zebrafish embryos 

https://www.youtube.com/watch?v=z475aI1DhF4 

  

http://axys.wpengine.com/axys-life/metabolomics-health-life-sciences/
http://axys.wpengine.com/axys-life/metabolomics-health-life-sciences/
http://axys.wpengine.com/axys-life/contact-us/
http://pubs.acs.org/doi/abs/10.1021/acs.est.6b01128
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Glossary 

 BPA = bisphenol A (0.3 μM) 

 T3 = triiodothyronine (0.06 μM) 

 PFOS = perfluorooctanesulfonic acid (1.2 μM) 

 RM = refined merichem (0.2 μg/L) 

 TCS = triclosan (0.006 μM).  

 AA = amino acid 

 BA = biogenic amine 

 Sugars = Σhexose 

 FA = fatty acid 

 AC = acylcarnitine 

 PC = phosphatidylcholine 

 SM = sphingomyelin. 

 

NB: Brackets () denote the relative percentage of the significantly changed metabolites from 
each class.  


