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Genomics

Transcriptomics

Proteomics

DNA

40,000 genes

RNA

150,000 transcripts

Proteins

1,000,000 proteins

Metabolites

2,500 metabolites

Closer to classical toxicology

Mostly unknown

Mostly known
Advantage 

Single matrix (blood)

Application of Metabolomics - Introdcution
Metabolomics / Metabolic Profiling in vivo

Metabolomics



BLOOD

PROFILING

LC-MS/ 

GC-MS

Tryptophan

Arginine

Tyrosine

Thyroxine (T4)

Linolenic acid (C18:cis[9,1...

alpha-Tocopherol

Lignoceric acid (C24:0)

Campesterol

Tricosanoic acid (C23:0)

Phytosphingosine

14-Methyl-Pentadecanoic aci...

17-Methyloctadecanoic acid

Eicosatrienoic acid (C20:3)...

O-Methylsphingosine No1 (pl...

O-Methylsphingosine No2 (pl...

erythro-Sphingosine

Cholesterol

5-Oxoproline

Citrate

Glutamate

Creatinine

Sphingomyelin No 01 (putative)

Sphingomyelin (d18:1, C16:0...

Metabolite

SAMPLE             REFERENCE

MetaMap®Tox

The Use of a Metabolomics data base (MetaMap®Tox)

Total Metabolome 
Signature (9000 
analyte signals)

300 Known Metabolites



Test Substance

“Pattern Ranking"

Similarity of test 

compound-induced 

changes compared to 

toxicity patterns

"Find Metabolites"

Metabolite profile

“Profile Comparison"

Statistical Correlation -

Ranking based on 

biological similarity

MetaMap®Tox – Detection of MoA & Toxicity



Metabolome plasma profiles from

Subset of about 700 control male & female rats

Controls of different experiments spanning about 5 months

Data represent biological, handling and profiling variability

Colors indicate different 

experiments over 5 months

Comp.1
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main differentiator in control animals

and experiments is gender only

The Basis for Assessment is Reproducibility & Reliability



Dr. van Ravenzwaay, DGPT - March 2013  

Application: Identification of MoA

peroxisome proliferation 



Application: Identification of MoA

peroxisome proliferation 



Clofibrate (MOA50) Pearson Spearman norm. vector product

Treatment rp p rank rs p rank nvp p rank

Clofibrate (MOA50) 1,00 0,00 1 1,00 0,00 1 1,00 0,00 1

Fenofibrate (MOA48) 0,79 0,00 2 0,70 0,00 3 0,80 0,00 2

Mecoprop-p (MOA58) 0,78 0,00 3 0,66 0,00 5 0,76 0,00 4

Pravastatin + Fenofibrat (MOAFW05) 0,73 0,00 4 0,63 0,00 11 0,73 0,00 7

Bezafibrate (MOA49) 0,72 0,00 5 0,62 0,00 14 0,70 0,00 12

Diethylhexylphthalate (MOA28) 0,71 0,00 6 0,61 0,00 16 0,69 0,00 14

Wy 14643 (MOA51) 0,71 0,00 7 0,64 0,00 9 0,75 0,00 5

Atorvastatin + Fenofibrat (MOAFW05) 0,70 0,00 8 0,63 0,00 10 0,74 0,00 6

Diethylhexylphthalate + Dibutyl 

phthalate 0,70 0,00 9 0,64 0,00 7 0,66 0,00 18

Diisopentylphthalate (MOA8) 0,70 0,00 10 0,62 0,00 13 0,70 0,00 11

Benzylbutyl Phthalate (MOA6) 0,68 0,00 11 0,56 0,00 21 0,71 0,00 10

Compund Ranking: Clofibrate

Application: Identification of MoA

peroxisome proliferation 



Application: Identification of MoA
Thyroid: Direct Effect: ETU & PTU



Application: Identification of MoA
Thyroid: Direct Effect: methimazole & metitam



Mode of Action 

determination

Compound

Comparison

> 120 MoA patterns

established

Ranking of  (new ) 

compound’s metabolome 

against metabolome of  

ca 1,000 substances

Biochemical pathway

analysis

Predictivity rate: > 

80%

Sensitivity: as 

classical toxicology

Identify molecular 

mechanisms of 

toxicity

11

MetaMap®Tox: Reduction through Refinement

Blood metabolome analysis in short-term 
studies



Name CAS Structure Water solubility

Molecular mass

Mecoprop

(MCPP)

93-65-2 0.9 g/L

214.65 g/mol

MCPA 94-74-6 0.3 g/L

200.62 g/mol

Dichlorprop

(2,4-DP)

120-36-5 0.72 g/L

235.06 g/mol

Metabolomics In Vivo: a Tool to Support Read Across
a Case Study with Phenoxy Carboxylic Acid Herbicides

Disclaimer: This case study has been designed to illustrate specific issues associated with read-across and stimulate discussion on the topic. It 

is not intended to be related to any currently ongoing regulatory discussions on this group of compounds. The background document has been 

prepared to facilitate the discussion at the Topical Scientific Workshop and does not necessarily represent ECHA’s position.

Target Compound

Source Compound

Source Compound

https://upload.wikimedia.org/wikipedia/commons/6/68/Mecoprop-2D-skeletal.png


Phenoxy herbicide case study:
- metabolomic communalities



Phenoxy herbicide case study:
- metabolomic communalities



2- and 4-Acetylaminofluorene: 
structural similarity does not always indicate similar toxicity 



Metabolomes of 2 and 4-Acetylaminofluorene
profound differences 

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

Compund

Ranking 

2-AAF has a 

very low  

match with 4-

AAF: 

rank 1443



HPPD-Inhibitors: structural dissimilar,  but similar toxicity
Metabolomic evidence 
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Metabolomics in vivo: Chemical Grouping for Read Across 
Steam Cracker - Stream Composition (Marker Compounds)

Application for UVCBs ! (short term, rat in vivo study)

29.09.2025
The intensity of the red color denotes the relative composition of the marker substance across streams.

Same CAS, 

diff. sites

Marker Substances L-01 L-02 L-03 L-04 L-05 L-06 L-07 L-08 L-09 L-10 L-11 L-12 BASF-1 BASF-2 BASF-3

Benzene 0.23 0.00 0.00 0.00 0.00 0.00 0.00 15.00 0.57 0.00 0.00 0.00 0.05 0.02 0.08

Cyclopentane 9.99 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.60 0.00 0.00 0.00 0.00 0.00

Dicyclopentadiene 0.68 22.65 0.00 73.42 19.57 0.00 25.37 37.99 57.57 6.30 0.54 0.00 0.11 0.07 0.03

Ethylbenzene 0.12 3.51 0.17 0.00 3.35 0.00 0.00 0.11 0.00 0.00 0.00 0.00 4.65 0.03 0.00

Indene 0.00 0.00 56.32 0.00 3.61 2.32 14.19 0.00 0.31 0.00 66.21 4.29 1.78 23.19 24.06

Naphthalene 2.15 0.22 0.00 0.00 1.03 28.16 8.24 0.00 0.27 0.00 1.13 8.96 11.41 1.27 6.65

Styrene 0.00 18.72 0.53 0.00 15.62 0.00 1.31 0.00 0.00 0.00 0.92 1.30 0.25 1.57 2.27

Toluene 0.47 0.75 0.00 0.00 1.55 0.00 0.00 5.23 0.19 0.00 0.00 0.00 0.37 0.03 0.06

Xylene 0.32 13.41 0.92 6.59 12.94 0.00 0.20 0.00 0.00 0.00 0.89 0.00 6.31 0.44 0.70
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Metabolomics in vivo based Chemical Grouping 
Hierarchical Clustering - Males

Benzene, Cyclopentane cluster close 
to controls; L-12 stands out

Toluene, Ethylbenzene and Styrene 
cluster together

DCPD, L-04, L-08, L-09, L-10 form a 
cluster with Xylene

Naphthalene/ Indene as well as L-03, 
L-11 form separate clusters

BASF LOA streams cluster together, 
close to L-03 and 
L-11





Visualisations of the chemical grouping results submitted to the European Chemicals Agency

Results for each partner (5 out of 6) show consistent grouping of test substances

(b) Hierarchical Clustering - females, (e) PCA scores (females)

Metabolomics in vivo: MATCHING – grouping of chemcials using metabolomics



Metabolomics in vitro…a (very) long journey
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Nitrofurantoin dose response

D1 (EC1)  7,5µM

D2 (EC15) 15µM

D3 (EC25) 20 µM

D4 (EC50) 30 µM 

D5 (EC85)  120µM

Nitrofurantoin time response

3h

6h

24h

48h

Positive Control

Benzafibrate 3h – 48h

6h

24h

48h

1000µM

D4
D3

D5

D5

48h
48h

48h

D4 24h

24h

3h

controls

Metabolomics in vitro (µMIV): Nitrofurantoin; dose and time response

29.09.2025
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Nitrofurantoin: Point of departure derivation from µMIV data

3h

At 24h and 48h the

value approaches a 

similar value.

The time component is

important for PoD

derivation.

The POD at earlier time 

points is of a higher

concentration.

6h

48h24h

PoD = Point of departure

µMIV = miniaturization of metabolomics in vitro

29.09.2025



Metabolomics in Vivo

• Identification of MoA

• Ranking of Compounds

• Improved Quality of Read-Across Cases 

• Read-Across for UVCBs

• „Smart Studies“ – reduction through refinement

• Microbiome and Toxicology

Metabolomics in Vitro

• Early Identification of MoA

• PoD & Next Generation Risk Assessment

Applications of Metabolomics: a Summary



BASF SE

Experimental Toxicology

and Ecology 

Ludwigshafen

BASF Metabolome Solutions

Berlin

THANK YOU 

VERY MUCH

FOR YOUR 

ATTENTION

The Corinth Canal

First attempt for construction: 

1st century AD - failed

Recommenced in 1881 

completed in 1893

….do not give up on a good thing

The MetaTox Group

@ BASF
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