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Application of Metabolomics - Introdcution
Metabolomics / Metabolic Profiling in vivo

Mostly unknown
DNA

Genomics
40,000 genes
RNA Transcriptomics
150,000 transcripts
Proteins Proteomics
1,000,000 proteins s
Metabolites ot Ty Metabol :
by O
2,500 metabolites "'FI;'E#:'F:.‘."H etabolomics
Mostly known Advantage
Single matrix (blood)

. Closer to classical toxicology
eceloc



The Use of a Metabolomics data base (MetaMap®Tox)
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Citrate
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Sphingomyelin No 01 (putative)
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Toxicology Letters
Volume 172, Issues 1-2, 30 July 2007, Pages 21-28
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MetaMap®Tox — Detection of MoOA & Toxicity

The use of metabolomics for the
discovery of new biomarkers of
effect

B. van Ravenzwaay @ & =i, G. Coelho-Palermo Cunha 9, E. Leibold ®,

TeSt Su bStance Metabo' ite prOfi Ie R. Looser ®, W. Mellert , A. Prokoudine , T. Walk ®, . Wiemer ®
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The Basis for Assessment is Reproducibility & Reliability

Metabolome plasma profiles from

eSubset of about 700 control male & female rats

eControls of different experiments spanning about 5 months

eData represent biological, handling and profiling variability

females

Comp.2

vt mvimeimal s mea

’ : ’ Comp(.\)1
) Colors indicate different
cCeloc experiments over 5 months

=» main differentiator in control animals
and experiments is gender only



Application: Identification of MoA

peroxisome proliferation

e MetaMap-TOX - Microsoft Internet Explorer
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Application: Identification of MoA

peroxisome proliferation

Crakei Eear
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Detection of hepatotoxicity potential with metabolite profiling
(metabolomics) of rat plasma

W. Mattes #, K. Davis ", E. Fabian?, ]. Greenhaw ©, M. Herold , R. Looser ©, W. Mellert ¢,
S. Groeters “, H. Marxfeld®, N. Moeller', G. Montoya-Parra®, A. Prokoudine ©,
B. van Ravenzwaay **, V. Strauss®, T. Walk®, H. Kamp
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Toxicology Letters
Volume 198, Issue 2, 5 October 2010, Pages 159-170

Application: Identification of MoA

The individual and combined
metabolite profiles (metabolomics) of
dibutylphthalate and di(2-
ethylhexyl)phthalate following a 28-
day dietary exposure in rats

peroxisome proliferation

B. van Ravenzwaay ¢ 2 =, G. Coelho-Palermo Cunha 9, V. Strauss ¢, ]. Wiemer °, E.

C o m p u n d Ra n ki n g : C I Ofi b rate Leibold @, H. Kamp 9, T. Walk P, W. Mellert @, R. Looser P, A. Prokoudine P, E. Fabian ¢,

G. Krennrich @, M. Herold ®

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 (MOAS8) 0,78 0,00 3 0,66 0,00 3 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 (MOAFWO05) 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 (MOAS) 0,70 0,00 10 0,62 0,00 13 0,70 0,00 11
Benzylbutyl Phthalate (MOAG) 0,68 0,00 11 0,56 0,00 21 0,71 0,00 10
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Application: Identification of MoA
Thyroid: Direct Effect: ETU & PTU

‘28 MetaMap-TOX - Microsoft Internet Explorer
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Application: Identification of MoA
Thyroid: Direct Effect. methimazole & metitam

28 MetaMap-TOX - Microsoft Internet Explorer
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] Fertig &) Trusted sites

| ¢ Bennard Raverzwaa.., -2} MetaMap-TCX - Micro.., | Micrasoft PowerPoint ...
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Toxicology Letters 225 (2014) 240-251

Contents lists available at ScienceDirect

Toxicology Letters

w

journal homepage: www.elsevier.com/locate/tox|et

Mechanistic analysis of metabolomics patterns in rat plasma during @Cmm
administration of direct thyroid hormone synthesis inhibitors or
compounds increasing thyroid hormone clearance

G.A. Montoya?, V. Strauss?, E. Fabian®, H. Kamp?, W. Mellert?, T. Walk®, R. Looser?,
M. Herold®, G. Krennrich?, E. Peter®, B. van Ravenzwaay®*

3 BASF SE, Ludwigshafen, Germany
® metanomics GmbH, Berlin, Germany
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The development of a database for metabolomics —
looking back on ten years of experience

MetaMap®Tox: Reduction through Refinement

Bennard van Ravenzwaay*, Hennicke Kamp,
Gina Alejandra Montoya-Parra,
Volker Strauss, Eric Fabian and

Blood metabolome analysis in short-term Wener Meller
studies

Mode of Action Compound Biochemical pathway  Predictivity rate: >
determination Comparison analysis 80%
> 120 MoA patterns  Ranking of (new ) ldentify molecular Sensitivity: as
established compound’s metabolome mechanisms of classical toxicology
against metabolome of toxicity
ca 1,000 substances
S Toxicology Letters -

The sensitivity of metabolomics versus classical regulatory toxicology @.:mm
from a NOAEL perspective

B.van Ravenzwaay**, G.A. Montoya®, E. Fabian®, M. Herold®, G. Krennrich?, R. Looser®,
W. Mellert? E. Peter®, V. Strauss®, T. Walk®, H. Kamp®

4 BASF SE, Ludwipshafen, Germany
" metonomics (mbH, Beritn, Cermany

T'
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Metabolomics In Vivo: a Tool to Support Read Across
a Case Study with Phenoxy Carboxylic Acid Herbicides

Mecoprop 93-65-2 0.9 g/L
(MCPP) 214.65 g/mol
MCPA  94-74-6 D\j\ 0.3 g/L
OH 200.62 g/mol
Cl

Dichlorprop ~ 120-36-5 o 0.72 g/L
(2,4-DP) GIGD: 4 235.06 g/mol

H

5‘-’1%
Eg. Mutation Research/Genetic Toxicology and

Environmental Mutagenesis
Volume 746, Issue 2, 15 August 2012, Pages 144-150

Metabolomics: A tool for early
detection of toxicological effects and
an opportunity for biology based
grouping of chemicals—From QSAR to
QBAR

B. van Ravenzwaay ° 2 =, M. Herold ®, H. Kamp °, M.D. Kapp 9, E. Fabian ¢,
R. Looser °, G. Krennrich €, W. Mellert 9, A. Prokoudine ®, V. Strauss ¢, T. Walk ,
J. Wiemer b

Target Compound

Source Compound

Source Compound

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.

T'
E ARE THE CENTRE FOR CHEMICAL SAFETY ASSESSMENT


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

Phenoxy herbicide case study:
- metabolomic communalities

Metabolite — 24DP — _MCPA___ —___MCPP
| m7 m14 m28 m7 m14 m28 m7 m14 m28 Mode of action
| 16-Methylheptadecanoic acid 0,24 0,31 0,41 0,23 0,33 0,18 0,23 0,25 0.21 |
17-Methyloctadecanoic acid 0,22 0,34 0,30 0,29 0,35 0,20 0,16 0,24 0,16 i
e L [ 270 [ 258 | 550 [ 195 [ 258 [ 2% | 259 1 25 [ 194 | Liver peroxisome proliferation
Arachidonic acid
(C20:cis[5,8,11,14]4) D%D 0,29 D,d}‘l EI,JET D,ﬂlE EL% [LEB 0,34 0.26 |
Arginine 0,74 0,80 0,68 0,79 0,73 0,76 0,78 0,52 0,67 : :
[Asparagine 062 | 074 | 066 | 075 | 059 | 074 | 074 | 072 | 0.72 | Liver fibrate phthalate and
Cholesterylester C20:4 0,21 0,21 0,35 0,57 0,29 0,33 0,29 0,33 0,44 phEﬂDK‘y’
Cytosine 044 0.62 0.69 0.63 0.60 0.60 0.73 0.74 0.66 i

dihomo-gamma-Linolenic acid 1 1 1 1 1 .
o0 1 [ [ame [awr [ [ oo | am [2m [am | Reduced feed consumption

ocosahexaenoic acid

(C22:cis[4,7,10,13,16,19]6) 0,15 0,21 0,23 0,15 0,20 0,09 0,17 0,24 0,15 . — ) y
Docosapentaenoic acid Ianey inni ition wea org. acias
 (C22:cis[7,10,13,16,19]5) 0,23 0,21 0,16 0,15 0,25 0,13 0,20 0,30 0,21

Glucuronic acid 675 [ 587 | 37 | 506 | 28 | 5ar |4 | 5w [ 7o |
| Lysine 0.44 052 0.56 0.40 030 033 057 0,60 0.50 g

Lyso PE (C22:0) (putative) 0,24 0,21 0,28 0,38 0,28 0,29 0,20 0,20 0,18

Lysophosphatidylcholine (C17:0) | 043 | 035 | 035 | 059 | 05 | 035 | 043 | 034 | 024 Liver PPAR alpha agonist
Lysophosphatidylcholine (C18:0) 0,77 0,78 0,83 0,81 0,83 0,73 0,75 0,78 0,77 I

Lysophosphatidylcholine (C18:2) Liver oxidative stress -
| Methionine 0,76 0.73 0,51 0,66 0,59 0.64 0,72 0,52 0,80

PC No (4 {putative) 0,28 0,37 0,30 0,42 0,44 0,36 0,30 0,40 0,34

Phosphatidylcholine (C16:0,C20:4) | 0.71 0,74 0,77 0,63 0,80 0,62 0,62 0,67 0,64

Phosphatidylcholine (C16:0,c22:6) | 046 | 044 | 050 | 037 | 045 | 034 | 040 | 039 | 038 O Very gOOd Overlap Of

Phosphatidylcholine (C18:0,C20:3) | 0,53 0,46 0,53 0,49 0,82 0,48 0,37 047 0,38

Phosphatidylcholine (C18:0,C20:4) | 0,36 0,40 0,51 0,36 0,55 0,24 0,32 0,41 0,38 m eta b O I I C p rOfI I e S

Phosphatidylcholine (C18:0,C22:6) | 0,34 0,38 0,41 0,30 0,30 0,18 0,29 0,33 0,30
‘Phosphatidylcholine No 02 043 | 037 | 039 [ 053 | 0. 5

Profne__ 060 | 072 | 077 | 065 | 051 | 052 | 0.66 [ 0.7 ?gg_ I Common ta rg et Organs

o ]

Stearic acid (C18:0) 034 | 050 | 045 | 048 | 067 | 043 | 036 | 039 | 0.38
| TAG (putative] 0.64 0,54 0,46 0,35 0,53 0,36 0,32 0,35 0.40 L . d k' d
Threonine 0.56 0.68 0,82 0.68 0,63 0.69 0,65 0.68 0,77
Tryptophan 0.21 0.24 0,45 0.20 0.19 0.18 0.3 0.50 0.49 Ive r a n I n eyS
v Unknown lipid (68000033 068 | 056 | UG/ | 045 | 049 | 042 | 0.57 | 054 | 0.656
cCC 1’ OC Onknown ok (53000034 RS R O 0 O 72 M O
Onknown Tipid (6000052 0,31 0,33 045 031 047 0.27 0.29 031 0.29

WE ARE THE CENTRE FOR CHEMICAL SAFETY ASSESSMENT



Regulatory Toxicology and Pharmacology | e
ELSEVIER Volume 81, November 2016, Pages 288-304 =

PhenOxy thblClde C.ase StUdy' .. Metabolomics as read-across tool: A
- metabolomic communalities case study with phenoxy herbicides

B. van Ravenzwaay ® & &, S. Sperber ¢, O. Lemke 9, E. Fabian ¢, F. Faulhammer ¢, H.

a) Metabolit MCPP 2 4-DP MCPA . . . . ] Kamp 9, W. Mellert 9, V. Strauss 9, A. Strigun °, E. Peter °, M. Spitzer ®, T. Walk
etabolite m? | mid | m28 | m7 | mid | m28 | m7 | mid | m28 Pair-wise (total profile) comparison:
3-Indoxylsulfate 0,72 1,53 1,92
3-Methoxytyrosine ﬂ 1.08 | 1.19 NSl _
alpha-Tocopherol 056 | 065 | 059 | 070 | 063 | 068 | 093 [ 1,09 | 098 Best match with 2,4-DP (pearson r = 0.817), MCPA
beta-Sitosterol 024 034 023 0.37 0.30 0.31 0.65 1.03 0.74 - -
Campesterol 030 | 036 | 023 | 031 | 029 | 032 | 068 | 1.04 | 099 rank 25 (r =0,38). In between PPAR alpha agonists.
Cholesterol, total 044 | 050 | 045 | 038 | 048 | 052 | 067 | 090 | 073
Ethanolamine -
plasmalogen (C3g:4) | 040 [ 04 | 052 | 062 ) 0521 048 | 072 | 084 ) 072 The PCA analysis of the 3 compounds demonstrates
Galactose, lipid fraction| 052 0,51 056 0.62 0.45 0.65 0,65 0,90 0,86 . _ -
Indole-3-acetic acid 0,49 0,65 0,64 0,31 0,41 0,63 0,52 0,90 1,18 thE Same. 254 DP IS CIDSE'- to MCPP thﬂn MCP‘A
myo-lnositol, lipid
fra orion 056 | 055 | 056 | 045 | 053 | 061 | 054 | 092 | 0,76 MCPA
myo-lnositol-2-
phosphate, lipid 018 | 022 | 025 | 027 | 021 | 032 | 030 | 061 | 052 m
fraction +
Myristic acid (C14:0) 061 | 081 | 058 | 061 | 072 | 044 | 053 | 071 | 0,81
Pantothenic acid S S 002 | 141 | oss MCPP
Phosphate, lipid 064 | 074 | 067 | 064 | 069 | 062 | 075 | 101 | 080
fraction
Sphingomyelin
(d18:1.C16:0) 075 | 085 | 076 | 076 | 080 | 0,75 | 127
Threonic acid 099 | 114 | 113
Unknown lipid
(28000473) 023 | 027 | 021 | 017 | 032 | 030 | 050 | 077 | 060
. MCPP MCPA 2,4-DP

b) Wetabolite m7 | mi4 | m28 | m7 | mi4 | m28 | m7 | mi4 | m28
5-Oxoproline 098 | 081 | 078 | 066 | 069 | 069 | 097 | 099 | 1,03
Alanine 067 | 071 | 067 | 068 | 077 | 083 | 081 | 084 | 097
E};ﬁ“”h“"”c'e'““‘ds’ 081 | 082 | 070 | 094 | 087 | 077 | 050 | 078 | 072
Ethanolamine 052 | 056 | 050 | 057 | 067 | 060 | 069 | 029 | 060
plasmalogen (C39:5)
:"CE,IF;“_T]?E“""'“ acid 052 | 057 | 044 | 053 | 070 | 054 | 060 | 059 | 049
Isopalmitic acid (C16:0) | 0,39 046 027 0,48 0.47 0,25 0,41 0,77 0,47
Tyrosine 074 | 089 | 076 | 087 | 077 | 087 | 089 | 094 | 089 .
Uracil 075 | 083 | 071 | 079 | 088 | 075 | 084 | 088 | 1.07 > 2.4-DP is the best read-across
Uric acid 072 | o079 | 071 | 076 | 085 | 061 | 123 | 099 | 152 L

source substance

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

T(
WE ARE THE CENTRE FOR CHEMICAL SAFETY ASSESSMENT

Reslt

2-Acetylaminofluorene

- strong liver enzyme inducer
- liver carcinogen

- Immune suppressant
- bladder carcinogen

Tanimoto score: 63% J\
HN

4-Acetylaminofluorene

- slight liver enzyme inducer
- no liver carcinogen

- lipid accumulation in liver
- Immune suppressant



Metabolomes of 2 and 4-Acetylaminofluorene
profound differences

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

/\

min

rion
14

3-O-Methylsphingosine (d18:1)
4-Hydroxysphinganine (t18:0, Phytosphingosine)
5-O-Methylsphingosine (d18:1)

Arachidonic acid (C20:cis[5,8,11,14]4)

Behenic acid (C22:0)

Cholesterol, total

Cholesterolester, total
dihomo-gamma-Linolenic acid (C20:cis[8,11,14]3)
Docosahexaenoic acid (C22:cis[4,7,10,13,16,19]6)
Dodecanol

Eicosanoic acid (C20:0)

erythro-Sphingosine (d18:1)

Galactose, lipid fraction

gamma-Linolenic acid (C18:cis[6,9,12]3)
Glycerol phosphate, lipid fraction

Glycerol, lipid fraction

Heptadecanoic acid (C17:0)

Lignoceric acid (C24:0)

Linoleic acid (C18:cis[9,12]2)
myo-Inositol-2-phosphate, lipid fraction
Nervonic acid (C24:cis[15]1)

Palmitic acid (C16:0)

Phosphate, lipid fraction

Phosphatidylcholine (C18:0,C18:1)
Phosphatidylcholine (C18:1,C18:2)
Sphingomyelin (d18:1,C16:0)

Sphingomyelin (d18:1,C24:0)

Stearic acid (C18:0)

threo-Sphingosine (d18:1)

Tricosanoic acid (C23:0)

—

[E N . N I\ I S N G\ G

Compund
Ranking
2-AAF has a
very low
match with 4-
AAF:

rank 1443

cCeloc
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Regulatory Toxicology and Pharmacology 108 (2019) 104442

Contents lists available at ScienceDirect

Regulatory Toxicology and Pharmacology

HPPD-Inhibitors: structural dissimilar, but similar toxicity ———————
Metabolomic evidence e eyl gt s

S. Sperber®", M. Wahl*!, F. Berger®, H. Kamp®, O. Lemke®, V. Starck®, T. Walk®, M. Spitzer®,
B.v Ravenzwaay"

*BASF SE. Ludwigshafen, Germany
* BASF Metabolome Solutions GmbH, Berlin, Germany

aryl 2

0
Coumarone 1 Coumarone 2

Reference: Topramezone, females, HD Tanimoto similarity using MACCS keys

Pearson correlation Coumarone 1 Coumarone 2 Nitisinone
Treatment
r rank Coumarone 2
Topramezone, LD 0.895 1 Nitisinone
Coumarone 4, LD 0.892 2 Topramezone
Nitisinone, HD 0.886 3 Metabolite Coumarone 1 Coumarone 2 Topramezone Nitisinone
Topramezone, 2" study, HD  0.886 4 4-Hydroxyphenylpyruvate
Coumarone 3, LD 0.867 5 5-Oxoproline
Coumarone 4, HD 0.866 6 Citrulline
Coumarone 3, HD 0.858 7 Glutamine
Nitisinone, LD 0.851 8 Glycine
Coumarone 1, LD 0.862 9 Lysine
Coumarone 2, LD 0.841 10 Methionine
Serine
. Threonine
C)/C@ TOC Tyrosine

WE ARE THE CENTRE FOR CHEMICAL SAFETY ASSESSMENT



Metabolomics in vivo: Chemical Grouping for Read Across
Steam Cracker - Stream Composition (Marker Compounds)

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

Archives of Toxicology (2024) 98:755-768
https://doi.org/10.1007/500204-023-03638-6

REGULATORY TOXICOLOGY »')

CCCCCCCC
uuuuuu

Utility of in vivo metabolomics to support read-across for UVCB
substances under REACH

H.Kamp' - N. Aygun Kocabas’ - F. Faulhammer* - N. Synhaeve’ - E. Rushton® - B. Flick*? . V. Giri* - S. Sperber*
L. G. Higgins® - M. G. Penman® - B. van Ravenzwaay’© - M. Rooseboom®

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 0.57 0.00 0.00 0.00 0.05 0.02 0.08
Cyclopentane - 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 - 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 - 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 - 4.29 1.78 23.19 24.06
Naphthalene 2.15 0.22 0.00 0.00 1.03 - 8.24 0.00 0.27 0.00 1.13 8.96 11.41 1.27 6.65
Styrene 0.00 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 0.19 0.00 0.00 0.00 0.37 0.03 0.06
Xylene 0.32 0.92 6.59 - 0.00 0.20 0.00 0.00 0.00 0.89 0.00 6.31 0.44 0.70
90.09 2025 The intensity of the red color denotes the relative composition of the marker substance across streams.

T(
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Metabolomics in vivo based Chemical Grouping

Hierarchical Clustering - Males
mBenzene, Cyclopentane cluster close

RS / to controls; L-12 stands out
Control NA
Control NA B Toluene, Ethylbenzene and Styrene

Control NA

i Control NA CIUSter together
s Cj:;h;?lents.me HIGH / .DCPD, L_O4, L_OS, L'Og, L_1O form )

* Benzene HIGH .
cluster with Xylene

* | -12 HIGH
* Toluene HIGH
* Ethylbenzene HIGH

o Stvrene HIGH ENaphthalene/ Indene as well as L-03,
i _ o e L-11 form separate clusters

* | -01 HIGH

o 105 HIGH WBASF LOA streams cluster together,

& | .06 HIGH

* Hu.le-ne QIGH C|OS€ tO L'O3 and
* Maphthalene HIGH L_1 1

— * | -10 HIGH

[ * | -04 HIGH

l * Dicyclopentadiene HIGH
* ¥ylene HIGH

¢ | -11 HIGH

* | -03 HIGH

* BASF LOA 3 HIGH

* BASF LOA 2 HIGH

* BASFE LOA 1 HIGH

C)/C@ TOC 200 400 300 200 100 0 19



MATCHING — MetAbolomics ring-Trial for CHemical groupING

Assessing the Repeatability of Metabolomics Within a Regulatory
Context: Grouping & Read-Across

® Objectivel/ Design

» Eight substances selected by ECHA & BASF (covering three MoAs); E ;
animal study conducted by BASF n ”_ g, ﬁ *‘%f """ oy
» Fully blinded ring-trial including six metabolomics labs P /B @B T Lyt
» Each lab applying own metabolomics platform & data evaluation strategy | ’”m K g R Wi %
| 2 P .
¥ Results d T ﬂ’__ T |
= fc';fﬁ labs obtaining high quality data correctly assigned the eight substances A T PaavE
into three groups ;' ?{;HM 5 gﬁ - R Efﬂ:
> Consifstency (across labs) in discriminatory metabolite changes driving the r "“ : *i Al % ,, T
droip g . L5 B N T
» Plausible toxicological interpretation possible for the three effects e T T Tty ot 1575

» Many practical solutions for QA, data processing and signature
identification developed and tested

» Experience transferred into OECD Chemical Grouping Application
Reporting Module (CG-ARM) developed under OECD Omics Reporting
Framework (OORF).

1

T(
ARE THE CENTRE FOR CHEMICAL SAFETY ASSESSMENT
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Metabolomics in vivo: MATCHING - grouping of chemcials using metabolomics

g
b ' .. AU=100%

PC2 (16%)

- H
_H

T2 _L
T

TS8

T

PC1 (21.3%) Y

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)

T'
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Metabolomics in vitro...a (very) long journey

[
i
¥ i

MINIATURIZATION OF METABOLOMICS IN VITRO /i

Cell seeding density

e e

B

\ Passage Number /

|

From 5to 9
Flexibility + Robustness

19 13.05.2025

cCeloc
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Cytotoxicity Testing

Multiplexed: ATP +
Membrane integrity

‘Quenching and Extraction

Directly in the 96 well-plate
Minimal perturbations

Arch Toxicol (2018) 92:893-906 @ CrossMark
https://doi.org/10.1007/500204-017-2079-6

Data Analysis

-

QA process and statistics

Dose Setting

5 dose levels : EC1,ECs,ECs,
ECso, ECss

P oo A P P P Pt

Analytical Method

Propf of Guncept

L} = = =y
J L

Different Liver Toxicity MoA

ORGAN TOXICITY AND MECHANISMS

Prediction of liver toxicity and mode of action using metabolomics
in vitro in HepG2 cells

Tzutzuy Ramirez! - Alexander Strigun® - Andreas Verlohner! - Hans-Albrecht Huener' - Erik Peter” -
Michael Herold? - Natalie Bordag” - Werner Mellert' - Tilmann Walk® - Michael Spitzer” - Xiaoqi Jiang' -
Saskia Sperber’ - Thomas Hofmann' © - Thomas Hartung™ - Hennicke Kamp' - Ben van Ravenzwaay’®

Cell Biol Toxicol (2023) 39:2899-2917
https://doi.org/10.1007/s10565-023-09809-6

RESEARCH 4‘)

Check for
updates

A high-throughput metabolomics in vitro platform
for the characterization of hepatotoxicity

Sabina Ramirez-Hincapie - Barbara Birk® - Philipp Ternes® - Varun Giri®® - Volker Haake -
Michael Herold © - Franziska Maria Zickgraf® - Andreas Verlohner® - Hans-Albrecht Huener( -
Hennicke Kamp® - Peter Driemert® - Robert Landsiedel © - Elke Richling® - Dorothee Funk-Weyer -
Bennard van Ravenzwaay®



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

Scores Plot
Nitrofurantoin dose response

D3 48h
{0~ o D4 24h D4 48h
D1 (EC1) - 7,5uM
TIME _POINT
D2 (EC15)> 15uM ) [r—
D3 (EC25)> 20 uM A 08 hrs.
D4 (EC50)—> 30 uM ContrOIS m 24 hrs.
+ 48 hrs.

D5 (EC85) > 120uM %

? SUBSTANCE DOSE
Nitrofurantoin time response = o e

aod

O - » Bezafibrate 1000uM
3h o

® Nitrofurantoin D1
6h ® Nitrofurantoin D2
24h ® Nitrofurantoin D3
48h . + ® Nitrofurantoin D4
— 0" T | ® Nitrofurantoin D5
i 48h

Positive Control 5 10 20 30

PC1, R? = 0.291

Benzafibrate 3h — 48h
@C@TOC 29.09.2025 23



0.179

PC2, R?

Nitrofurantoin: Point of departure derivation from uMIV data

I
30
Scores Plot 20
—
O .
10- o 5
TIME_POINT 10 T T LT TP EE PETET T
® 03hrs. ‘
A 06 hr ¢ l
s. 2 -
| 24 hrs.
0- 0
+ 48hrs. ﬁ
. L
SUBSTANCE_DOSE 104" S ,. --------------------------------------------
@ Control T 1 T
-10- » Bezafibrate 1000uM 1u au 1':"]
e Nitrofurantoin D1
Concentration (pM)
® Nitrofurantoin D2
@ Nitrofurantoin D3 2 4 h
@ Nitrofurantoin D4 [ 5-
5. 40-
¢ Nitrofurantoln D5
. 48h 13.7
0 10 20 30 30
PC1, R? = 0.291
Archivies of Toxfcology Eu-
https://doLorg/10.1007/500204-023-03572.7 E
TOXICOGENOMICS AND OMICS TECHNOLOGIES l.hl oo
= 10-
Application of high throughput in vitro metabolomics
for hepatotoxicity mode of action characterization
and mechanistic-anchored point of departure derivation: a case study
with nitrofurantoin
Sabina Ramirez-Hincapie'( - Barbara Birk' . Philipp Ternes*™ . Varun Giri' - Franziska Marla Zickgraf'( .
Volker Haake?™ . Michael Herold®© . Hennicke Kamp®© . Peter Driemert®(" . Robert Landsiedel'*( . =10+
Elke Richling*(® . Dorothee Funk-Weyer' - Bennard van Ravenzwaay® T T T
10 30 100
T« Concentration (pM)

WE ARE THE CENTRE FOR CHEMICAL SAFETY ASSESSMENT

PC1

PC1

30+

20+

10

6h

40+

30~

204

10+

=10

1
10 30 100

Concentration (uM)

48h

L] I I

10 30
Concentration (M)

PoD = Point of departure

MMIV = miniaturization of metabolomics in vitro

The POD at earlier time
points is of a higher
concentration.

At 24h and 48h the
value approaches a
similar value.

The time component is
important for PoD
derivation.

24



Applications of Metabolomics: a Summary

Metabolomics in Vivo

;4\/\}":\
* |dentification of MoOA MM NS
PERSPECTI\IE

* Ranking of Compounds

Use cases, best practice and reporting standards
* Improved Quality of Read-Across Cases for metabolomics in regulatory toxicology

Mark R Viant® 2, Timothy M.D. Ebbels® 22, Richard D. Beger 3,
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