Gaud Dervilly 
  
Marzia Pezzolato 
  
Saadia Ouzia 
  
Anne-Lise Royer 
  
Alessandro Benedetto 
  
Elena Biasibetti 
  
Yann Guitton 
  
Elena Bozzetta 
  
Bruno Le Bizec 
  
An 
  
  
  
Androgens and estrogens biomarkers identification in bovine urine applying a metabolomics approach
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Control urine samples (CONTR, n = 13, collected at D0, before the first administration). In total, 78 urine samples were collected for about a month at regular time points, before and after the injections.

A log10 transformation and a "Pareto" scaling were applied on the data. Statistical analysis was carried out using both Workflow4Metabolomics platform (version 3.3) and SIMCA-P+® (Version 13.0.2, Umetrics AB, Sweden). Partial least squares discriminant analysis (PLS-DA) supervised analyzes were performed. Model's validity and robustness were evaluated by R2 (Y) and Q2 (Y), as well as by permutation tests (n = 1,000). The pvalue threshold considered was < 0.05. Only discriminant ions with VIP > 1.5 were selected.

 Data processing & Analysis

 Steroid effect on urinary metabolome: Control versus treated animals

Partial least squares discriminant analysis (PLS-DA) on ESI-datasets showed altered profiles between the groups studied. Similarities of effects between the three steroid treatments were also observed as shown on the Venn diagram below presenting the number of discriminant ions by conditions investigated or in common between treatments as well as the metabolites annotated in both ESI+/-datasets. (MxxTyy: M exact mass and T retention time in sec, * lower urinary concentration in considered group). Some ionic signals appeared to be impacted in the same way by the three treatments (Figure 3, n = 121 ions), allowing to conclude as to probable similar mechanisms of action.

 Comparison of the different steroid treatment's effects

Partial least squares-discriminant analysis (PLS-DA) score plots on ESI-datasets demonstrated specific effects associated to each of the 3 experimental groups and a number of ions of interest could be specifically associated in bovine urine with nandrolone, estradiol, or a mix of nandrolone and estradiol treatment.

 Biomarkers investigation

Twenty-eight candidate biomarkers could be further investigated using targeted MS 2 strategy. In particular, M189T40 was assigned to [M+H]+ of homoarginine, which was observed with higher concentration levels in androgen treated animals. The ion M133T28 was assigned to the [M+H] + of ornithine, presenting lower concentration in E2-treated animals. Finally, the only level-1 ion identified in ESI+ is M154T35 and was assigned to [M+Na]+ of creatine, showing lower concentration level in the urine of cattle treated with any of the steroids considered. In the ESI-fingerprints, the M124T34 could be identified (level-1) as [M-H]-of taurine.

Taurine exhibited lower concentration levels in the urine of animals treated with 17β-estradiol.
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 Biological pathways affected

The metabolites identified show that not only common but also specific metabolic pathways are activated by the various treatments. In particular, the pathways involving ornithine appear to be solicited only when estradiol alone is used, whereas creatine responds to treatment with estradiol whether used alone or as a cocktail. Taurine was selectively associated to the use of nandrolone combined with estradiol. Creatine is a naturally occurring compound which primary metabolic role is to generate phosphocreatine, subsequently used to regenerate adenosine triphosphate (ATP), it is therefore essential for energy and muscle metabolism. Ornithine and homoarginine are metabolites involved in creatine biosynthesis, while taurine is essential for a range of functions among them the development and function of skeletal muscle, which may explain in the present context its role as steroid biomarkers.
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