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Genomics 

Transcriptomics 

Proteomics 

Metabolomics 

DNA 
40,000 genes 

RNA 
150,000 transcripts 

Proteins 
1,000,000 proteins 

Metabolites 
2,500 metabolites 

Metabolomics 

Closer to classical toxicology 

Mostly unknown 

Mostly known Advantage  

Single matrix (blood) 

Why Metabolomics / Metabolic Profiling ? 
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The Use of MetaMap®Tox 

BLOOD 

PROFILING 

LC-MS/ 

GC-MS 

Total Metabolome 
Signature (9000 
analyte signals) 

day 7 day 14 day 28 day 7 day 14 day 28 day 7 day 14 day 28

Tryptophan up 1.14 1.18 0.96 1.28 1.36 1.24 0.99 0.94 1.01

Arginine up 1.09 1.09 1.14 1.09 1.10 1.35 0.54 0.97 0.85

Tyrosine up 1.28 1.38 1.23 1.19 1.27 1.45 0.97 1.35 0.89

Thyroxine (T4) down 0.11 0.04 0.02 0.07 0.07 0.08 5.75 3.58 3.76

Linolenic acid (C18:cis[9,1... down 0.57 0.90 0.80 0.77 0.66 0.91 1.37 1.13 1.27

alpha-Tocopherol up 1.76 2.66 2.18 1.20 1.15 1.12 1.01 0.85 0.75

Lignoceric acid (C24:0) up 2.12 2.82 2.16 1.28 1.12 1.16 0.78 0.68 0.90

Campesterol up 1.43 1.60 1.46 1.09 1.15 1.33 1.21 0.83 0.91

Tricosanoic acid (C23:0) up 1.93 2.69 2.50 1.28 1.10 1.55 0.73 0.64 1.16

Phytosphingosine up 2.08 2.92 3.04 1.11 1.07 1.20 1.10 0.68 0.78

14-Methyl-Pentadecanoic aci... down 1.13 0.85 0.54 0.98 0.86 0.64 1.36 1.01 1.16

17-Methyloctadecanoic acid down 1.36 0.92 0.45 1.10 0.67 0.70 1.21 0.90 1.04

Eicosatrienoic acid (C20:3)... up 2.38 3.22 2.02 1.02 1.33 1.50 1.00 0.86 1.08

O-Methylsphingosine No1 (pl... up 3.47 3.85 4.55 1.57 1.41 1.90 0.79 0.55 0.81

O-Methylsphingosine No2 (pl... up 3.57 4.15 3.40 1.50 1.38 1.82 0.79 0.45 0.82

erythro-Sphingosine up 2.92 3.71 3.47 1.46 1.30 1.47 0.79 0.58 0.82

Cholesterol up 1.98 2.31 2.03 1.42 0.98 1.23 0.99 0.52 0.79

5-Oxoproline down 0.93 0.83 0.71 0.90 0.89 0.80 0.99 0.91 1.01

Citrate down 0.69 0.69 0.73 0.90 0.73 0.64 1.06 1.12 1.41

Glutamate down 0.75 0.49 0.40 1.03 0.70 0.49 1.23 1.21 1.74

Creatinine down 0.24 0.38 0.97 0.53 0.63 0.67 0.99 0.95 1.31

Sphingomyelin No 01 (putative) up 1.28 1.06 0.88 0.96 1.15 1.63 0.84 0.62 0.79

Sphingomyelin (d18:1, C16:0... up 2.24 2.27 1.92 1.35 1.35 1.71 0.55 0.73 0.63

DAG (C18:1, C18:2) (proposed) down 0.59 0.70 0.66 0.77 0.69 0.57 1.75 1.40 1.68

TAG (C18:2, C18:2) (plausible) down 0.40 0.32 0.35 0.47 0.18 0.14 1.60 1.49 1.91

TAG (C16:0, C18:2) (plausible) down 0.49 0.44 0.48 0.52 0.21 0.20 1.56 1.33 1.71

TAG No 02 (putative) up 1.64 1.51 1.73 1.04 1.60 1.57 0.62 0.51 0.47

Sphingomyelin (d18:1, C16:0... up 1.27 1.21 1.21 0.94 1.19 1.57 0.80 0.75 0.71

Metabolite Direction
Methimazole 6-Propyl-2-thiouracil L-thyroxine 

300 Known Metabolites SAMPLE             REFERENCE 

MetaMap®Tox 
MetaMap®Tox 
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MetaMap®Tox: Reference Data Base 



MetaMap®Tox: 

 Reproducibility and Robustness 
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Thyroid: Direct Effect: ETU & PTU 



Thyroid: Direct Effect 

Found: Methimazole & Metiram 
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Thyroid direct: L-Thyroxine 
Inverse pattern 
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Pattern Creation 
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MetaMapTM Tox 
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Recognising mode-of-action: 

   peroxisome proliferation 
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Pairwise Comparison: Clofibrate 
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Assessment is based on joint evaluation of 

Pattern Ranking, TPC and Biochem Interpretation 
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MetaMap®Tox: 

 Assessment of predictivity 
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MetaMap®Tox: sensitivity analysis 
A NOAEL analysis  (N =120), based on routine studies 
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MetaMapTM Tox: Example 1 

 Phenoxy herbicides - Structures 
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MetaMapTM Tox: Example 1 
Phenoxy herbicides – Metabolic communalities 
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MetaMapTM Tox: Example 1 
Phenoxy herbicides – Best read-across option 
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Example 2: HPPD-Inhibitors 
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Example 3: 2- and 4-Acetylaminofluorene 
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Example 3: 2 and 4-Acetylaminofluorene 

Metabolome patterns 
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Metabolite profile compared to other liver enzyme inducers (and liver cell carcinogens) 

day 7 day 14 day 28 day 7 day 14 day 28 day 7 day 14 day 28 day 7 day 14 day 28

3-O-Methylsphingosine (d18:1) 1.56 1.36 1.45 1.16 1.33 1.33 1.42 1.76 1.74 3.26 1.75 2.49

4-Hydroxysphinganine (t18:0, Phytosphingosine) 0.86 1.28 1.25 1.10 1.46 1.23 1.10 1.40 1.32 1.99 1.47 1.96

5-O-Methylsphingosine (d18:1) 1.44 1.37 1.46 1.21 1.47 1.40 1.46 1.92 1.66 2.98 2.13 2.57

Arachidonic acid (C20:cis[5,8,11,14]4) 1.18 1.20 1.14 1.22 1.22 1.28 1.27 1.89 1.50 1.40 0.98 1.89

Behenic acid (C22:0) 0.97 1.20 1.39 1.15 1.11 1.18 1.22 1.64 1.44 1.70 1.51 2.11

Cholesterol, total 1.19 1.32 1.01 1.31 1.25 1.38 1.23 1.64 1.62 1.82 1.62 2.51

Cholesterolester, total 1.14 1.12 1.08 1.10 1.13 1.09 1.45 2.08 1.60 1.15 1.07 1.10

dihomo-gamma-Linolenic acid (C20:cis[8,11,14]3) 1.44 1.22 1.27 1.08 1.20 1.12 2.19 3.89 2.94 3.24 2.41 1.85

Docosahexaenoic acid (C22:cis[4,7,10,13,16,19]6) 1.14 1.37 1.34 1.14 1.56 1.51 1.73 2.42 1.59 1.55 1.06 1.81

Dodecanol 1.03 1.23 1.38 1.50 1.02 1.18 1.21 2.11 1.58 1.84 1.43 1.60

Eicosanoic acid (C20:0) 1.03 1.17 1.19 0.96 1.45 1.27 1.37 2.61 1.90 1.57 1.34 1.65

erythro-Sphingosine (d18:1) 1.56 1.26 1.34 1.34 1.32 1.28 1.30 1.71 1.62 2.59 1.85 2.36

Galactose, lipid fraction 0.98 1.12 1.16 1.01 1.08 1.01 1.16 1.54 1.32 1.26 1.12 1.43

gamma-Linolenic acid (C18:cis[6,9,12]3) 1.14 1.59 1.58 1.34 1.23 1.45 1.73 4.42 3.02 2.91 1.15 2.14

Glycerol phosphate, lipid fraction 1.40 1.35 1.28 1.35 1.34 1.07 1.29 1.81 1.51 1.93 1.60 2.01

Glycerol, lipid fraction 1.62 1.97 1.47 1.20 1.26 1.17 2.40 8.03 3.33 2.23 1.37 1.68

Heptadecanoic acid (C17:0) 1.09 1.31 1.01 1.29 1.39 1.34 1.27 1.81 1.34 1.65 1.13 1.63

Lignoceric acid (C24:0) 1.07 1.22 1.24 1.12 1.19 1.14 1.39 1.60 1.75 1.26 1.00 2.02

Linoleic acid (C18:cis[9,12]2) 1.37 1.45 1.38 1.16 1.24 1.27 2.11 5.23 2.69 2.96 2.07 1.70

myo-Inositol-2-phosphate, lipid fraction 1.13 1.35 1.21 1.25 1.28 1.28 1.86 3.50 1.81 1.22 1.03 1.93

Nervonic acid (C24:cis[15]1) 1.19 1.43 1.46 1.56 1.21 1.33 0.97 1.55 1.46 5.05 2.51 4.42

Palmitic acid (C16:0) 1.29 1.37 1.42 1.21 1.16 1.25 1.59 3.46 1.86 2.19 1.82 2.09

Phosphate, lipid fraction 1.19 1.20 1.14 1.05 1.15 1.32 1.29 1.71 1.33 1.69 1.37 1.64

Phosphatidylcholine (C18:0,C18:1) 1.08 1.18 1.31 1.11 1.12 1.05 1.28 1.72 1.51 1.72 1.24 1.28

Phosphatidylcholine (C18:1,C18:2) 1.09 1.10 1.20 1.02 1.01 1.05 1.20 1.26 1.13 1.40 1.13 1.27

Sphingomyelin (d18:1,C16:0) 1.00 1.02 1.03 1.06 1.05 1.02 1.11 1.18 1.20 1.10 1.09 1.08

Sphingomyelin (d18:1,C24:0) 1.07 1.13 1.23 1.10 1.06 1.03 1.08 1.33 1.07 1.28 0.97 1.12

Stearic acid (C18:0) 1.16 1.19 1.15 1.24 1.23 1.25 1.30 1.87 1.65 1.21 0.93 1.52

threo-Sphingosine (d18:1) 1.24 1.22 1.43 1.06 1.28 1.31 1.28 1.44 1.43 1.85 1.64 2.27

Tricosanoic acid (C23:0) 1.02 1.20 1.35 1.22 1.39 1.39 1.18 1.46 1.45 0.95 0.56 1.50

2-Acetylaminofluorene 4-Acetylaminofluorene Pentachlorobenzene Cyproteron Acetate
Compound



Example 3 : 2- and 4-Acetylaminofluorene 

 Pair-wise (total) Profile Comparison 
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2-AAF 4-AAF 

2-AAF and 4-AAF rank best with completely different compounds 

2-AAF has a very low overall match with 4-AAF – rank 1443 

 

Pattern identification different 

Pair-wise comparison different 

Metabolomics conclusion: 2-AAF and 4-AAF are biologically unequal    



REACH: chemical grouping and read across 

 

CONCLUSIONS 
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From QSAR to QBAR  
(quantitative biological activity relationships) 
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