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What is the Metabolome?

“The metabolome refers to the complete set of small-molecule
chemicals found within a biological sample.”

Amino acids

Lipids and fatty acids
Carbohydrates and sugars
Organic acids

Hormones

Vitamines und cofactors

Making sense of the soup
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Why Metabolomics / Metabolic Profiling ?

Mostly unknown

DNA
40,000 genes

RNA
150,000 transcripts

Proteins
1,000,000 proteins

Metabolites
2,500 metabolites

Mostly known

Closer to classical toxicology

Internal

Genomics

Transcriptomics

Proteomics

Metabolomics

Advantage
Single matrix (blood)




The Use of MetaMap®Tox

BLOOD
PROFILING

GC-MS

Metabolite

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)...

0O-Methylsphingosine No1 (pl...

0O-Methylsphingosine No2 (pl...

erythro-Sphingosine

Cholesterol

5-Oxoproline

Citrate

Glutamate

Creatinine

Sphingomyelin No 01 (putative)

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

SAMPLE

REFERENCE

Internal

—

300 Known Metabolites

Total Metabolome
Signature (9000
analyte signals)
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MetaMap®Tox: Reduction through Refinement
Blood metabolome analysis in short-term studies

Mode of action
determination

> 110 MoA patterns
established

Compound Metabolome
Comparison

Ranking of (new )
compound’s
metabolome against
metabolome of 1000
substances

Biochemical pathway
analysis

Identi%y rﬁnlecular
mechanisms of
toxicity

Predictivity rate: 80%

Substance123:

A Peroxisome
proliferator

Sensitivity: as
classical toxicology
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Substance123:

Recognising mode-of-action: peroxisome proliferation |4

Peroxisome
proliferator

= phalue 0.2 : = Fraction of rmetabolites: (0.9 : ] hstudy Controls
= Fold Change: 1.0 : t-Test wversion: (& heteroscedastic t-Test (Welch t-Test)
' homoscedastic t-Test (pooled variance)
[Z-Formylamino-3-carboxythiophen) (WOAS) -~ = Clofibrate (WO250)
1.,1.2 2-Tetrachloroethane [RAOAZDY Fowve Fenofibrate (MOA48)
1.2-Cyclohexanedicarboxylic acid diisononyl ester (MOAZE) - Wy 14643 (MOAST)
1.2-Dichloroethane (MOASD) 22
Cormpounds: 1,3-Dichloro-2-propanal (MOASD) Move All
1, 3-Dinitrobenzene (MOA53) =
1. 4-Butanediol (MOAET) Eermove
1. 4-Dinitrobenzene (MOA54) o
1. 4-Dioxane (MOASS B Al
1.,4-FPhenylene diisothiocyanate (MOATZ) || | memove Sl
Analysis groups: Un Clmi Llmh tetabuolite Information Columns: [
a7 T4 A28 B 7 Ffhi1a 28 Tl mi?z Clmi1a Tl miz8 T mh? Clmh14 Tl mh28
Submit parameters )
Find Metabolites _1 Showall Metabolites _1 Export Tahle to Excel ,l Legend: decreased no significant changes increased
ShowSelected Metakbolites ) Find Compounds ) Save Metabolite List )
Select All | Select Mone
Clofibrate Fenofibrate Wy 14643
(MO AS0) (MO A48) {MCAST)
Select Direction| Anchor|Metabolite MET_CHEM_ID| fh7 | 14 | 28 | 7 | 14 | m2s | 7 | fhid | m2s |
up G = FPantothenic acid 18000225 1.07 A0S 1.22 2388 2045 3.27 1.44 222 227
up s ] Coenzyrme Q9 18000251 186 164 255 1.51 1.72 1.86 1.7 1591 211
up n (| Glycerol, lipid fraction 25000002 1.39 1684 493 235 247 2.19 1.11 145 1.17
up 3 (| Palrmitic acid (C16:00 25000003 105 1.38 231 1.72 1.39 .42 2 | s 1.0z
up ) L] gamma-Linolenic acid (C18:c. .. 28000477 204 1.88 F.0 364 283 212 208 212 1.24
down |~ (| 16-kethylheptadecanoic acid 28000475 0595 075 075 059 055 0.59 067 085 0.56
dower [~ ] 17-tethyloctadecanoic acid 28000479 0.43 057 077 0.5 0.57 0.5 063 06 0.47
up g = Threonic acid 3Is000033 1.23 1.3 1.3 1.46 1.67 1.61 1.684 1.5 1.18
down [~ ] Cytosine (& 35000441 0.87 0.86 1.0 oys 079 087y 0B 07 0739
down [+ (| Phosphatidylcholine Mo 04 (.. (&) 55000020 0657 0458 063 071 064 076 054 08 1.0
ShowSelected Metaboalites ) Find Compounds ) Save Metabolite List )
Toxicoelogy | ¥ield | release notes | preferences | help | logout
Copyright (C) Metanomics 2005-2005. Yersion 3.2 (4076)
about hetahdan
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Recognising mode-of-action: peroxisome prolifera .

proliferator

Compounds found

= Faold Change: |[1.0 t-Test version’ (& heteroscedastic t-Test (Welch t-Test)
: 2 homoscedastic t-Test (pooled variance)

(Z2-Formylamino-3-carboxythiophen) (hMOAS) -~ = Clofibrate (ROLS0)
1.1.22-Tetrachlaroethane (MOA25) P Owe Fenofibrate (hMOAA4F)
1.2-Cyclohexanedicarboxylic acid diisononyl ester (WOAZE) Wy 146543 (WOAST)
1, 2-Dichloroethane (ROA59) 22 Bezafibrate (hO.L457
Campounds: 1,3-Dichloro-2-propanol (bS50} Move Al Mecoprop-p (WOA1]
1. 3-Dinitrobenzene (MOLS3) = Dichlorprop-p (MO2T7)
1., 4-Butanediol (kOS5 Remove EBenzylbutyl Phthalate (hAOA5)
1. 4-Dinitrobenzene (MOASA) e~ Diethylhexyiphthalate (MOASE)
1., 4-Dioxane (MIOLS5) o A
1. 4-FPhenylaene diisothiocyanate [WMOSF2) - memove
Analysis groups: Lin LA fh Llmi Lmh hletabolite Information Caolumns: Ll
a7 114 1128 7 fhl1d A28 C1ml7 Clmlla C1mi28 C1mbh7 Clmh1d4 Clmh2E8
Submit parameters _1 Feset parameters |
Find Metabolites | Showesdl Metabolites ) Export Takble to Excel ) Legend: decreased no significant changes increased
ShowSelected Metabolites | Findd Compounds ) Sawe Metabolite List )
Select &l | Select Mane
Benzylbutyl
Clofibrate Fenofibrate Wiy 14643 Bezafibrate Mecoprop-p Dichlorprop- Phthalate Diethylhexylphthalate
(MO AS0) (MCAAT) {MOAST) {1 CAA S (MO AT) P (MOAT (L Lty (MOASE)
Select Direction Anchor|Metabolite MET_CHEM_ID| 7 |mi1a]mzs| m7 mia]mezs]| m7 [mia]mezs] m7 [miafmzs] mr [miafmes| m7 jmia)mes| ;7 fmia]mes] mr | mia | mzs |
up i =] Fantothenic acid 18000225 1.07 AiFS 1.22 256 20F5 3127 144 2122 2127 22 2184 253 EI56 478 5531 20 508 3011 4082 208 242 | [1i4s 1.59 1.47
up e’ =] Coenzyme 09 18000251 1.86 1.64 255 1.51 1.72 1.86 1.7 1.21 211 1.34 1.13 1.65 1.28 1.63 1.76 1.73 225 258 1.44 1.5 1.78 1.97 1.6 1.6
up S ] Slyceral, lipid fraction 28000002 1.39 1.64 499 235 247 219 1.11 1.45 1 17 2.2 245 247 1.92 2.0 1.79 262241 204 1.151.48 2. .43 1.35 1.52 1.2
up i =] Falmitic acid (C16:0% 25000003 1.05 1.538 231 1.721.39 1.42 1.211.31 1.02 .93 1.8 1.92 1.56 1.9 1.99 253263 1.57 1.4531.¥y9 1.94 1.66 1.5 1.34
up e’ =] gamma-lLinolenic acid {(T15:c. .. 28000477 204 1.88 7.0 364 283 212 208 212 1.94 303 298 29393 533534 362 414 658 65.35 3.44 1.95 1.64 2.05 1.05 1.44 1.22
dowen (= ] 16-Methylheptadecanoic acid 28000478 055 075 075 05993 0.55 0.59 0657 0.85 056 061 0.59 054 054 051 055 062 0.49 062 0.55 066 .55 o.59 065 0.63
dowen | 5 |l 17-Methyloctadecanoic acid 28000473 0,43 057 077 0.5 057 0.5 063 0.6 0.47 0.54 0.54 0.55 0.33 0.35 0.45 0.53 057 0.67F 0O.¥3 064 0.62 076 052 0.73
up e’ =] Threonic acid SE000033 1.23 1.3 1.3 146 1.67 1.61 1684 1.5 1.18 1.621.92 1.52 1.61 1.45 1.44 1.44 1 .81 1.89 1.2 1.55 1.74 1.59 1.23 1.12
dowen (= ] Cytosine (& 30000441 087 086 1.0 0720732 087 062 07 079 078074 0.82 0.7 071 07 O6G7F 083 0.71 077 063 0.79 0.86 o.s4 .81
dowen | s =] Fhosphatidylcholine Mo 04 .. (53 ES000020 067 0.59 0.6 0.71 064 0.6 054 0.8 1.0 0.B90.66 0.55 0.62 1.03 067 1.12 094 05 071 1.2 054 0O.75 0.72 0.79
Showselected Metabolites | Findd Compounds ) Sawe Metabolite List )
Toxicology | Yield | release notes | preferences | help | logouot

Copyright (C) Metanomics 2005-2008. “Yersion 5.2 (4076
about betabdzp
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Thyroid: Direct Effect: ETU & PTU

Select Direction Method

OOoOOoOoOoOoOoOoDOoOoOooOEOoOoOOoOOoOOO

up ¥
down
down
down ¥
down ¥
up v
up ¥
up ¥
up ¥
up ¥
up W
dawn
up ¥
up @
up ¥
up W
up W
up ¥
up ¥
down
up ¥
down ¥

Ethylenethiourea

6-Propyl-2-thiouracil

{MOASE) {MOAZ4)

Grade|Metabolite MET_CHEM ID| mh7 | mh14 | mh28 | mh7 | mh14 | mh2s
LC lipid 5@  alpha-Tocopherol 18000217 1.74 135 1.5 1.04 1.27 1.12
LC lipid S0 18-Hydroxycorticosterone 18000285 1.0 0.73 0.35 1.46 0.45 0.54
LC lipid S0 18-Hydroxycorticosterona 18000285 1.01 0.59 0.33 1.53 0.44 0.46
LC polar 30 3-Hydroxybutyric acid 18000293 1.03 na 0.74 1.0 0.81 077
LC polar 33 Thyroxine 18000309 028 028 0.71 0.07 0.o7 0.08
GC lipid 5@ alpha-Tocopherol 2500001 259 252 3.26 1.18 1.18 1.14
GC lipid 52 Cholesteral 28000019 197 1.6l 228 1.3 1.0 1.01
GC lipid 50 Lighoceric acid {(C24:0) 28000052 204 1.56 1.95 1.29 1.22 1.2
GC lipid 50 Campesteral 28000053 167 1.39 1.78 1.04 1.19 1.34
GC lipid 50 Behenic acid (C22:0) 28000152 204 174 204 1.07 1.01 1.44
GC lipid 50 Mervonic acid (C24:1) 28000159 207  1.61 235 1.03 1.02 1.21
GC lipid 53 16-Methylheptadecanoic acid 28000478 073 084 077 0.85 0.61 0.5
GC lipid 52 putative Eicosatrienoic acid ME (C20:3 ME) 25000482 387 209 3.01 1.0 1.45 1.47
GC lipid MM Sphingolipids 28000489 277 228 324 1.52 1.44 1.88
GC lipid MM Sphingolipids 28000451 242 1.94 203 1.34 1.249 1.5
GC lipid MM Sphingolipids 28000454 275 258 276 1.8 1.39 1.91
GC lipid 53 Sphingolipids 28000455 23 0 224 2.08 1.46 1.32 1.47
GC lipid 50 Cholesteral 25000503 249 0 1.89 25 1.27 1.34 1.16
GC lipid 52 Cholesteral 25000504 152 207 25 1.3 1.03 1.16
GC polar 30 Citrate 38000012 093 079 064 089 074 0.64
GC polar 33 Tyrosine 38000160 117 1.2 1.04 1.03 1.17 1.21
GC polar 33 3-Hydroxybutyric acid 38000393 115 067 0.54 059 0.58 0.55
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Ethylenethiourea 6-Propyl-2-thiouracil Methimazole Metiram
{MOASS) {MOA24) {MOA51) {MOAZ0)
Select Direction Method |Grade|Metab olite MET_CHEM_ID| mh7 | mh14 | mh28 | mh7 | mhi4 | mh28 | mh7 | mhid | mh2s | mh7|mhiamnzs|
O LC lipid 5@  alpha-Tocopheral 18000217 174 138 15 1.04 1.27 112 228 388 204 2
i LC lipid S0 18-Hydroxycorticosterone 18000285 10 073 0.35 146 0.45 054 038 082 024
i LC lipid 30 18-Hydroxycorticosterone 18000288 101 059 0.33 1.53 0.44 046 048 083 024
i LC polar SQ  3-Hydroxybutyric acid 18000293 102 D8 0.74 1.0 0.81 077 077 053 046
i LC polar SQ Thyroxine 18000309 028 028 071 0.07 0.07 008 012 005 002 0
[0 |up  ¥|GClipid 33  alpha-Tocopheral 28000018 268 253 3.26 118 118 1.14 178 286 218 188
[0 |up ¥ |GClipid 5@ Chalesterol 28000019 187 11 2.28 =] 1.0 1.01 ilE8 =3 f[BE a7
[0 |up  ~|GClipid 8@  Lignoceric acid (C24:0) 28000052 204 1568 198 128 122 [ ] 22 282 2HE  Es
O lwp  ~|GClpid 5@ Campesteral 28000053 BT MBS OWE 104 M9 WS M3 1B M WO
] GC lipid S@  Behenic acid (C22:0 28000152 204 174 2.04 1.07 1.01 144 o2 303 301 138
¥ GC lipid 5@  Nervonic acid (C24:1) 28000159 207 161 235 1.03 1.02 121 2583 30 223 1868
i GC lipid S0 16-Methylheptadecanaic acid 280004758 073 084 077 0.85 0.61 0s 121 073 047 086
] GC lipid S@  putative Eicosatriencic acid ME [C20:3 ME) 28000452 387 208 3.01 1.0 1.45 147 238 322 202 13
O |up ¥ GClipid MM Sphingolipids 2e000489 20977 228 3.24 152 1.44 188 347 B388 48 177
[0 |up ¥ GClipid Mkt Sphingolipids 28000491 243 194 2.03 1.34 1.23 s §02 378 43 18
O |up ¥ GClipid MW Sphingolipids 28000424 275 288 276 15 133 181 357 415 34 178
[0 [up  ~|GClipid S3  Sphingolipids JP000495 98 294 oo 1M WER 0 17 292 g 947 188
[0 lw  ~|GClipid @ Cholesteral 28000503 P9 Me8 0 0EE 0 127 WS4 0 WME  MEE 283 [Es M
i GC lipid S@  Cholesterol 28000504 162 207 25 13 1.03 116 182 242 228 14
[ |down ¥|GC polarSQ  Citrate 30000012 093  0.79 0.64 0.89 0.74 064 0B 0B9 073 088
O |wp  ~|GCpolarsQ  Tyrosine Is000160 WME 0 M2 104 103 WM W2l M8 1EE m2E  foe
i GC polar 30 3-Hydroxybutyric acid 38000393 115 067 0.54 0.89 0.88 069 074 047 048 052 2
[ —— —— —— —— —— —— —— —— —_ —
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HPPD inhibitors: metabolites connection

BAS 6H HD Meso HD NTBC HD Top HD

Metabolite Direction Subclass m7 mi4 m28 m7 mi4 m28 m7 mi4 m28 m7 mi4 m28
Threonine up Amino acids, neutral
Citrulline down Urea cycle and related 0,73 0,72 0,80 0,83 0,70 0,68 0,84 0,88 0,83 0,72 0,72 0,80
Phenylalanine down Amino acids, aromatic 0,79 0,90 0,82 0,82 0,87 0,87 0,78 0,77 1,02 0,86 0,79 0,89
Tyrosine up Amino acids, aromatic
4-Hydroxyphenylpyruvate up Tyrosine metabolism 535,51 313,40 NA NA 995,98  1139,71
Threonine up Amino acids, neutral 1,39
5-Oxoproline down Amino acid metabolites 0,50 0,58 0,54 0,56 0,54 0,55 0,60 0,61 0,60 0,50 0,56 0,52
Lysine up Amino acids, basic 1,12 _
Glutamine down Amino acids, basic 0,41 0,44 0,41 0,44 0,43 0,43 0,55 0,57 0,58 r41 0,44 0,41
Phenylalanine down Amino acids, aromatic 0,90 0,83 0,83 0,88 0,92 0,83 0,78 0,97 6 0,88 0,84
Tyrosine up Amino acids, aromatic
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HPPD inhibitors: metabolites connecti

Homogen-
tisate

Arginine

Proline

_________________________

Glutamine

Urea cycle . 7770 =0Td IRATHEGRTE
» Citrulline » Aspartate
________ v
: Lysine
|
Glutamate | — 5-oxoproline
|
Tyrosine

2-oxoglu-
tarate

Internal

A 4

Glycine

Threonine

\ 4
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Profile or Pairwise Comparison: the entire metabolome of
compound X is compared with that of 1000 other substances.

Here X = MCPA

Pearson Spearman Norm. vectorprodcut
r rank r rank r rank
MCPA 1 1 1 1 1
MCPA [Han:Rcc:WIST(SPF)] 0.821 2 | 0.831 2 | 0.775 3
2,4-D (MOA22) 0.813 3| 0.779 5 0.799 2
MCPA [F-344/Crl] 0.807 4 | 0.764 6 | 0.735 5
MCPA [Crl:WI(Han)] 0.787 5| 0.789 4 | 0.768 4
MCPA [Crl:CD(R) (Sprague Dawly)] 0.784 6 | 0.791 3 | 0.733 6
Dichlorprop-p 0.724 7 | 0.633 7 0727 7
Mecoprop-p 0.709 8 | 0.624 8 | 0.706 8
Pentachlorophenol 0.572 9 | 0.529 9 | 0.588 9
Fenofibrate 0.556 10 | 0.422 15 | 0.535 10
Mecoprop-p 0.513 11 | 0.449 13 | 0.448 12
Mecoprop-p FyAn 0.498 12 | 0.503 10 | 0.392 18
Mecoprop-p FyAy 0.49 13 | 0.389 20 | 0.453 11
Probenecid 0.486 14 | 0.393 18 | 0.406 16
Clofibrate 0.457 15 | 0.423 16 | 0.424 15
Dicamba 0.454 16 | 0.486 12 | 0.434 14

Internal
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Read across

“... read-across is regarded as a
technique for predicting endpoint
information for one substance (target
substance), by using data from the
same endpoint from (an)other
substance(s) (source substance(s)).”

13
Internal

HECHA

Read-Across Assessment
Framework (RAAF)




Case Study Phenoxy herbicides

B Target Substance:
MCPP (Mecoprop-P)

B Source Substancen:
2,4-DP (Dichlorprop-P)
MCPA

B Structurally similar

is read-across possible ?
which is the best source compound ?

O -BASF
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Case Study Phenoxy herbicides

. 2,4DP — MCPA — MCPP 1
mi m14 m28 mi m14 m28 mi m14 m28 i
16 Mctiylhcptadecanoi: ackl 024 | 031 [ 041 | 023 | 033 | 018 | 023 | 025 | 0.2 Mode of action
17 Mictiyloctadecancic ackd 022 | 034 | 030 | 029 | 035 | 0.20 | 0.6 | 0.24 | 0.6
Taaddoss acd Liver peroxisome proliferation
(C20cEfi B 020 | 029 | 041 | 027 | 042 | 026 | 028 | 034 | 026
LMH 1] 080 | 068 | 079 | 073 | 076 | 078 | 082 | 067
062 [ 066 | 0.75 [ 059 | 0.4 [ 0.4 [ 0.2 [ 0.2 Liver fibrate phthalate and
CAEL 021 | 021 | 035 | 057 | 029 | 033 | 029 | 033 | 0.44 phenoxy
G 044 | 062 | O69 | 063 | 060 | 0.60 | 0.73 | 0.73 | 0.66
acud .
e T 0 R ——
Docosabexacmor: acel
{C22-cis44,7.10.13,16.19)6) 015 | 021 | 023 | 015 | 020 | 009 | 017 | 024 | 015 » — . »
aposiaoacL o 023 [ 021 | 016 | 015 | 025 | 013 [ 020 | 030 | 021 Kidney inhibition weak org. acids
Glacewomic ackl
Ketoleacime 057 | 062 | 062 | 039 | 026 | 034 | 072 | 079 | 057 Phthalates long chain
[Tysme 044 | 052 | 056 | 040 | 030 | 033 | 057 | 060 | 050 g
Lyso PE [CZ21)) (petative) 024 | 021 | 028 | 038 | 028 | 029 | 020 | 020 | 018
Lysophosphatidylcholine (C170) | 043 | 035 | 035 | 059 | 054 | 035 | 043 | 034 | 024 Liver PPAR alpha agonist
Lysoplhosphatidyicholise [C18:0) | 077 | 078 | 083 | 081 | 083 | 073 | 075 | 078 | 077
Lysophosphatidylcholiee (C18:2) .05 Liver oxidative stress -
[Mcthionme 076 | 0.73 | 081 | 066 | 059 | 0.64 | 0.72 | 0.82 | 0.80
[PC Ho T [patative] 026 | 037 | 030 | 042 | 044 | 0.36 | 030 | 040 | 0.34
Phosphatidylchaline (C16:0,C20:4) | 071 | 074 | 077 | 063 | 080 | 062 | 062 | 067 | 064 . Ver OOd Overla Of
Phosphatidylcholine (C16:0,C226) | 046 | 044 | 050 | 037 | 045 | 034 | 040 | 039 | 038 t b I f I
_ metabOolIC profiies
Phosphatidylchaline (C18:0,C20:3) | 053 | 046 | 053 | 049 | 082 | 048 | 037 | 047 | 038
Phosphatidylchaline (C18:0,C20:4) | 036 | 040 | 051 | 036 | 055 | 024 | 032 | 041 | 038
Phosphatidylchaline (C18:0,C226) | 034 | 038 | 041 | 030 | 030 | 018 | 029 | 033 | 030 . ( ;Om mon ta rg et Organs
Phosphatidyk-haine No 02 043 | 03r | 039 | 053 | 056 | 051 | 041 | 041 | 035 :
Prolisc 069 | 072 | 0.77 | 0563 | 051 | 052 | 066 | 0.72 | 0564 L & Kd
034 | 050 | 045 | 045 | 0.6/ | 043 | 036 | 0.9 | 038 |Ver I ney
064 | B8 | 046 | 035 | 059 | 036 | 032 | 035 | 040
056 | 068 | 082 | 068 | 063 | 069 | 065 | 068 | 0.77
021 | 024 | 045 | 020 | 019 | 0.18 | 033 | 050 | 049
056 | 0056 | O6F | 045 | 049 | 042 | 057 | 054 | 056
037 | 030 | 038 | 031 | 026 | 022 | 039 | 038 | 0.33
031 | 033 | 048 | 031 | 042 | 022 | 029 | 031 | 0.29

Internal
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Case Study Phenoxy herbicides

a) Metabolite MCPP 2,4-DP MCPA
m7 m14 m28 m7 m14 m28 m7 m1i4 m28 = = .
072 | 153 | 192 Total Profile comparison:
; 1.2 108 | 1.19 -
T 056 | 065 | 059 | 070 | 063 | 068 | 083 | 1,00 | 098 Best Match with 2.4-DP
024 | 034 | 023 | 037 | 030 | 031 | 065 | 103 | 074 ’
030 | 036 | 023 | 031 | 029 | 032 | 068 | 104 | 099
total 044 | 050 | 045 | 038 | 048 | 052 | 067 | 090 | 073
e o 049 | 054 | 052 | 062 | 052 | 048 | 072 | 084 | 072
il fraction| 050 | 051 | 056 | 062 | 045 | 065 | 065 | 090 | 086
ic acid 049 | 065 | 064 | 031 | 041 | 063 | 052 | 090 | 118
Bpid
| 056 | 055 | 056 | 045 | 053 | 061 | 054 | 092 | 076 MCPA
; 018 | 022 | 025 | 027 | 021 | 032 | 030 | 061 | 052 2,4-DP
istic_acid (C14:0) 061 | 081 | 058 | 061 | 072 | 044 | 053 | 01 | 08
ic acid 092 | 1M1 | 086 MCPP
5 ipid 064 | 074 | 067 | 084 | 069 | 062 | 075 | 1,01 | 080
e a0 075 | o085 | 076 | 076 | 080 | 075 | 127
ic acid 1.07 0089 | 114 | 113
X
gl 023 | 027 | 021 | 017 | 032 | 030 | 050 | 077 | 060
: MCPP MCPA 2,4-DP
b) Wetabolite m?_ | mi4 | m28 | m7 | mid | m28 | m7 | mid | m28
0088 | 081 | 078 | 066 | 069 | 069 | 097 | 099 | 103
; 067 | 071 | 067 | 068 | 077 | 083 | 081 | 084 | 0897
acids,| g1 | 082 | 070 | 084 | 087 | 077 | 050 | 078 | 072
. 052 | 056 | 050 | 057 | 067 | 060 | 069 | 029 | 060
052 | 057 | 044 | 0523 | 070 | 054 | 060 | 059 | 049
039 | 046 | 027 | 048 | 047 | 025 | oM | 077 | 047
074 | 088 | 076 | 087 | 077 | 087 | 089 | 084 | 089 .
075 | 083 | 071 | 079 | 088 | 075 | 084 | 088 | 107 > 2.4-DP is the best read-across
072 [ 079 | 071 | 076 | 085 | 061 | 123 | 099 | 152 ’

source substance

van Ravenzwaay, B., Sperber, S., Lemke, O., Fabian, E., Faulhammer, F., Kamp, H., Mellert, W., Strauss, V., Strigun, A., Peter, E., Spitzer, M., Walk,
T., 2016. Metabolomics as read-across tool: A case study with phenoxy herbicides. Regul. Toxicol. Pharmacol. RTP 81, 288-304.
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Example 2: HPPD-Inhibitors

a

o

Vi r/° > pooa N o -
| = | = Nitisinone
aryl 1 aryl 2
Coumarone 1 Coumarone 2 N Topramezone
81.5%
Topramezone, LD 0.895 1 48.1% 42.1%
Coumarone 4, LD 0.892 2 32.9% 27.8% 36.3%
Nilisinone, HD 0.886 3
Topramezone, 2™ sidy, HD ~ 0.886 4 4-Hydroxyphenylpyruvate 148.43 209.61 317.76 293.51
Coumarone 3, LD 0.867 5 5-Oxoprofine 0.60 0.63 0.59 0.55
Coumarone 4, HD 0.866 8 Citruline 1.15 1.14 0.63 0.78
Coumarone 3, HD 0.858 7 Glutamine 0.69 0.59 0.41 0.46
Nitisinone, LD 0.851 8 Glycine 1.34 2.22 1.30 1.33
Coumarone 1, LD 0.862 9 Lysine 1.24 1.32 1.33 1.43
Coumarone 2, LD 0.841 10 Methionine 1.26 1.19 114 1.28
Serine 1.35 1.52 1.27 1.48
Threonine 1.48 1.38 1.25 1.83
Tyrosine 35.82 42.23 4438 50.64

Internal
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Example 3: 2- and 4-Acetylaminofluorene

Q Tanimoto score: 63% " J\
IS &
(I o

2-Acetylaminofluorene 4-Acetylaminofluorene

strong liver enzyme inducer
liver carcinogen

slight liver enzyme inducer
no liver carcinogen

immune suppressant
bladder carcinogen

lipid accumulation in liver
immune suppressant

Internal



Example 3: 2 and 4-Acetylaminofluorene
Metabolome patterns

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

_g——

ety N 2.ainoflu. ve
v N | N

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-lnositol-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)

1456 45 . 1.33 1.
).86 1.3 . 1.46
. 1.47
1.14 . 1.22
1.19 . 1.25
1.13
1.20
1.56
1.02
1.45
1.32

100 112 2-AAF has a very
low overall match
with 4-AAF:

rank 1443
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Regulatory Read-Across: 3-Aminopropanol and 2-Aminoethanol

Treatment Strengt | Pearson | Pearson
h r rank
3-aminopropanol HD 1.26 1
|G oo DN o> | 0607 |

2-aminoethanol LD 0.95 0.638 2
2-aminoethanol HD 0.93 0.583 3
Zearalenone HD 1.74 0.569 4
D(+)-Galactosamine hydrochloride LD 2.19 0.560 5
Zearalenone LD 1.38 0.549 6
BASF LD 1.67 0.543 7
BASF substance 4 HD 2.66 0.514 8
17-alpha-Methyltestosterone HD 3.44 0.503 10

20

Pattern Strength

Liver induced toxicity by fibrates,
phthalates and phenoxy herbicides
100 e

co
o
L

2]
(=]
I

-y
(=]
1

N
o
1

o
!

=20

PC2 (5.9%)

PC2 (9.3%)

Females

>O HEN

PC1 (8.3%)

Males

5 10 15 20 25
PC1 (26.0%)

S. Sperber, M. Wahl, F. Berger, H. Kamp, O. Lemke, V. Starck, T. Walk, M. Spitzer, B.v Ravenzwaay, 2019. Metabolomics as read-across tool:
An example with 3-aminopropanol and 2-aminoethanol. Regul. Toxicol. Pharmacol., ISSN 0273-2300, https://doi.org/10.1016/j.yrtph.2019.104442

Internal

3-aminopropanol
2-aminoethanol

Diethanolamine

High Dose

Low Dose
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Read-Across and UVCBs

Chemical Substances of Unknown or Variable Composition, Complex Reaction Products
and Biological Materials (UVCB Substance)

RAAF

§ 4.2 PREPARATORY ASSESSMENT

“A fundamental aspect of read-across is structural similarity.
Chemical composition, including structural information should be

well defined.”

- UVCBs cannot be used for read across (?)

I There are many UVCBs !

Could metabolomics provide a solution ?

21
Internal

HECHA

Read-Across Assessment
Framework (RAAF)
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LOA: 14 Day Metabolome Study - Background

Testing Program for 12 Lower Olefines and Aromatics-streams

22

UVCBs, steamcracker products
12 streams collected by different members of the LOA-consortium
Analytics conducted for all streams

Additionally: 6 marker substances
- benzene, xylene, naphthalene, dicyclopentadiene, cyclopentane, indene

Three marker substances already available in BASF data base MetaMap®Tox
- toluene, ethylbenzene, styrene

Three additional BASF LOA streams tested

Internal




Stream Composition — Comparison with HD of Markers

1200 Others
B ylene
Toluene
B sStyrene
1000 g = - Naphthalene
5 5 = B Indene
B Ethylbenzene
B Dicyclopentadiene
o B Cyclopentane
= B Ecnzene
1] Lo}
o
[1v]
w
8 a00 -
]
400 S
= o
Z . m _— o -
- E;”. m [ ==
200 o 5 a1 B
o " - ta -
S — = |2 - o
= il ~ o » IR .
0 15 o 6.6 = 45

The numbers overlaid on the bars are the percentage amount of the marker substance in the stream. B :¥.XJ

We create chemistry
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Pattern Ranking — Males (Overview)

[Benzene AlBenzene LDICyclopentarlCyciopeniarDicyciopent{Dicyciopent{indens HD indens LD_[Naphihalen{NaphihalenfXyiens HD [Xyie

Liver Toxicity
Liver, paracetamolike toxicity

Marker Compounds

oo H0lTauere Lojsbrens 0 Suree Lo EnbencEhberee [BASF LT FIBAS 1 LOJBASF L2 FOIBASF L2 OGASF S FOeRor s oL o1 0 o110 [Lizi

Liver, enzyme induction

Liver, oxidative stress (LD) (putative)

021D [LO3HD

LOA Streams

Liver, oxidative stress 628 (putative)

Liver, oxidative stress (putative)

short chain

rect, lver enzyme induction

Hormones, steroid dysregulation

Homones, antiandrogen receptor agonist

Adrenal cortex, corticosterone synthesis inhibition

Testicular toxicity

immunosuppression 428

CNS, serolonine reuptake infibition

CNS, dopamine antagonist
Pharma, PDE-V inhibition

Systemic, anipre

erat
ver, peroxisome proliferation

Nutrition non fasted animals; metabolites originating from

Spleen, Methemoglobin

NS, GABA receptor agonist 428

Spleen, haemosideros

Bone, osteablastinhibitor 428

Kidney, ADH inhibitor 428

Hormones, antiandrogen receptor agonist

Adrenal cortex,dihydrotestosterone reducer (putative)

oxisome proliferat

Uver, per
Reduced food consumption 47

Hormones, GnH agonist (putative]

Spleen, Methemoglobin

Adrenals, Hypercortisolism d28.

pleen, haemosiderosis (putative)

Lver, peroxisome proliferation d7

Adrenals, corticosterole reduction

Bone mineralisation 428

Kidney, Creatinine metabolism

Kidney, ACE inhibitor like

Nutrition non fasted animals; metabolites originating from

Kidney, direct tubular effect d28

Kidney, diuretic effect

Reduced food consumption 47

Testicular tox

NS, GABA receptor agonist 428

Nutrition non fasted animals.

Kidney, glomerular-tubular defect 47 (putative)

Kidney, organic anion transporter inhibition

Eye, HPPD inhibition

Triazol patiern M

Hormones, testosterone.

HPPD inhibitors, pregnant animals

Nutrition non fasted animals.

Nutrition biomarkers (non-fasted)

Eye, HPPD inhibition

Hormones, estrogen receptor modulator

Lver, PXR agonist

Choline esterase inhibition (putative]

Choline esterase inhibition (putative)

Testicular tox

Thyrold, hyperthyreodism

Nervous system sympathic, noradrenaline increase (putatiy

Pregnant ftal efetcs

Antbiotis fluoroguinolones M group.

Adrenal cortex,steroid synthesis inhibition

Hormones, estrogen

Skeletal muscle, innervation stimulation

Hormones, estrogen

Neomycine Gentamycine Males HD

Nervous system sympathic, noradrenaline increase (putatiy
Uver, peroxisome proliferati

Lver, PXR agonist

Testes toxicity, degeneration

Vehicle oil

Antibiotics, tetracy

Antibiotics, fluoroguinolones
Kidney, organic anion transporter inhibition
Thyrold, hyperthyreodism

Lver, PPARalpha agonist
Phthalates, long chain

Hormones, testosterone, reduced prostat
Lincosamides effects on microbiome.
Reduced food consumption 47

14.01.2022
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Pattern Ranking — Males (Patterns with Matches) cas

[ ratch |

weak match

inconclusive
mismatch

Marker Compounds

Ethylbenzen BASF L1 HD|BASF L1 LD|BASF L2 HD|BASF L2 LD|BASF L3 HD|BASF L3 LD|

HA TR

L08-LD

Sex [Pattern

Liver Toxicity
Liver, paracetamol-like toxicity _—
Liver, enzyme induction _—
Liver, oxidative stress (LD) (putative) I
Liver, oxidative stress d28 (putative) I
Liver, oxidative stress (putative) I
Pthalates, short chain _—
Thyroid indirect, liver enzyme induction _—
kidney interstital nephritis _—

Male  kidney, alpha 2u I
Blood, anemia I
Hormones, steroid dysregulation _—
Hormones, antiandrogen receptor agonist _—
Adrenal cortex, corticosterone synthesis inhibition _—
Testicular toxicity _—
immunosuppression d28 _—
CNS, serotonine reuptake inhibition I
CNS, dopamine antagonist I
Pharma, PDE-V inhibition | [ ]

Sex [Pattern

Liver Toxicity
Liver, paracetamol-like toxicity
Liver, enzyme induction
Liver, oxidative stress (LD) (putative)
Liver, oxidative stress d28 (putative)
Liver, oxidative stress (putative)
Pthalates, short chain
Thyroid indirect, liver enzyme induction
kidney interstital nephritis

Male kidney, alpha 2u

25

Blood, anemia

Hormones, steroid dysregulation

Hormones, antiandrogen receptor agonist

Adrenal cortex, corticosterone synthesis inhibition
Testicular toxicity

immunosuppression d28

CNS, serotonine reuptake inhibition

CNS, dopamine antagonist

Pharma, PDE-V inhibition

We create chemistry

Internal



Treatment Correlation

Example DCPD, Females:

- Green colour indicates
relevant DCPD-content in
LOA stream

- Yellow colour indicates low
DCPD-content in stream

26

N\

/ Pearson \ Pearson | Pearson [Spearman|Spearman|Spearman
Treatment -T J Strengl ~ \ n Iv r v\ p ~-| rank - o - p -| rank -
Dicyclopentadiene (MOA19C011_Cohort3) HD 1.87 29 1 0 1 0
3.49 28 0.643493 77E-28 1 0.643259 5.06E-28 2
2.74 228 0.64341 87E-28 2 0.664787 1.88E-30 1
L-04 (MOA19C011_Cohortl) LD 1.69 228 0.627453 2133E-26 3 0.559351 3.61E-20 9
L-07 (MOA19C011_Cohortl) LD 2.05 228 0.612325 7.J7E-25 4 0.556301 6.35E-20 11
L-10 (MOA19C011_Cohort2) HD 1.78 229 0.586777  WA4E-22 5 0.570561 3.55E-21 5
3.57 229 0.581323 4.24E-22 6 0.580362 5.14E-22 4
2.9 229 0.569105 447521 7 0.570419 3.65E-21 6
Xylene (MOA19C011_Cohort3) HD 2.67 229 0.560699 2.32E-20 11 0.614395  3.7E-25 3
3.25 228 0.555673 7.}12E-20 12 0.566138 1.01E-20 8
Dicyclopentadiene (MOA19C011_Cohort3) LI 1.42 0.546037 9E-19 13 0.556507 5.07E-20 10
L-09 (MOA19C011_Cohort2) LD 1.49 0.541906 JAE-19 14  0.52585  1.3E-17 16
L-11 (MOA19C011_Cohort2) LD 2.18 0.538462 1J53E-18 16 0.553222 1.11E-19 12
L-06 (MOA19C011_Cohortl1) LD 2.96 0.521873 51E-17 18 0.55126 1.59E-19 14
L-03 (MOA19C011_Cohort2) HD 4.61 0.510304 61E-16 21 0.519596 3.64E-17 19
L-02 (MOA19C011_Cohortl) LD 1.77 0.507656 J 2.1E-16 23 0.41962 3.51E-11 93
L-08 (MOA19C011_Cohort2) LD 1.17 7.15E-15 31 0.371733 6.99E-09 212
L-03 (MOA19C011_Cohort2) LD 2.34 6.82E-14 39 0.485596 5.96E-15 28
L-05 (MOA19C011_Cohort1) LD 1.91 3.06E-13 48 0.452799 5.63E-13 51
Naphthalene (MOA19C011_Cohort3) LD 2.54 0.457406 3.06E-13 49 0.506384 2.56E-16 23
L-05 (MOA19C011_Cohortl) HD 2.9 229 0.452713 5.69E-13 54 0.442317 2.18E-12 64
L-01 (MOA19C011_Cohortl) HD 3.32 229 0.448552  9.8E-13 60 0.519826 2.99E-17 18
L-06 (MOA19C011_Cohortl) HD 2.8 228 0.4457 1.58E-12 64 0.428926 1.28E-11 87
Naphthalene (MOA19C011_Cohort3) HD 3.63 229 0.435904 4.88E-12 72 0.444865 1.58E-12 63
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Bootstrapped PCA — Males

27

PC2 (7.58%)

—-15

PC1 (18.18%)

10

15

Internal

,::R"“'I. i

600000 O

90T

BASF LOA 1
BASF LOA 2
BASF LOA 3
Benzene
Control
Cyclopentane
Dicyclopentadiene
Ethylbenzene
Indene

L-01

L-02

L-03

L-04

L-05

L-06

L-07

L-08

L-09

L-10

L-11

L-12
Naphthalene
Styrene
Toluene

Hylene

Control

All compounds: PCA after
bootstrapping (100x) +
original values

LOA streams highlighted
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Bootstrapped PCA — Males

28

PC2 (7.58%)

—15

PC1 (18.18%)

10

15

Internal

3
i

0000000 00

o000 0000

BASF LOA 1
BASF LOA 2
BASF LOA 3
Benzene
Control
Cyclopentane
Dicyclopentadienea
Ethylbenzene
Indene

L-01

L-02

L-03

L-04

L-05

L-06

L-07

L-08

L-09

L-10

L-11

L-12
Maphthalene
Styrene
Toluene

Hylene

Control

All compounds: PCA after
bootstrapping (100x) +
original values

BASF LOA streams
highlighted
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Hierarchical Clustering - Males

29

Control NA
Control MNA,
Control NA
Contral NA,
Control NA,

i Control MNA
Contral NA,

* Cyclopentane HIGH

® Benzene HIGH

* |12 HIGH

# Toluene HIGH

® Cthylbenzene HIGH

* Styrene HIGH

+ 02 HIGH

& |01 HIGH

ndene HIGH

|
Maphthalene HIGH

L-04 HIGH

r & * ®

Dicyclopentadiene HIGH

® Xylens HIGH

& |11 HIGH

* | -03 HIGH

* BASF LOA 3 HIGH

* BASF LOA 2 HIGH

* BASE LOA 1 HIGH

200

400

300

200

100

|
0

Internal

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

O -BASF
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LOA conclusions

Thyroid effects @
(secondary) = Q
) \ »

B Toxicity / Patholgy data shows relatively homogenous effects: Liver toxicity

liver, thyroid, red blood cells, kidney (males)
» Supported by metabolome patterns, PCA Red Blood Cells

» Metabolome data also indicates absence of many toxicities |
&y

B Metabolome data show subclustering of LOA Cat L streams (3 clusters)

» Correlation analysis, bootstrapped PCA
B BASF LOA streams form a further subcategory, supporting the overall (sub-)category approach

30
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http://upload.wikimedia.org/wikipedia/commons/9/93/Human.svg

REACH: chemical grouping and read across

CONCLUSIONS @

C

Metabolomics provide important data useful to
improve the quality of read across

Biology based based read across may be more
accurate than structure based data

For UVCBs, metabolomics may be the solution
provider to justify read across y




Thank you very much for your attention

s
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