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The conceptual framework

SN

Plant extracts are widely used as cosmetic ingredients

Large number of extracts with diverse composition,
plenty of individual substances

No animal tests can be conducted according to cosmetic
regulation

Characterize compounds present in extracts from plants
for genotoxicity (Ames + MN) and skin sensitization with
the help of non testing methods to
establish a safety level for their use




The database of natural molecules
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Molecules from plant/mushroom origin

Extracted from the Greenpharma database GPDB from
sources in the scientific literature (can be analytically
determined by different methods)

Extra molecules included (common ones, most critical ones)

Grouped in 112 molecular groups according to their origin
and presence of potential structural alerts

|dentification of at least 10 representatives @

. . reemn
in most of the groups |
sroup Pharma



Adopted approach (pilot phase)

PILOT PHASE

(ORYA\
predictions

Toxicologists
evaluation

!

Database population with expert
assessment for genotoxicity and
skin sensitization

\

)

=~ 2,000 substances

l

> 100 molecular groups

(e.g. Coumarins, Flavonoids,
Benzoquinones, Monoterpenes)

To make in silico predictions
To dig the internet for tox data

To integrate the 2 sources through
expert assessment
(in silico + literature)

To populate the database in an ad
hoc internet platform



Adopted approach (screening phase)

PILOT PHASE

(ORYA\
predictions

Toxic. ' gists
evrs 4a. on

!

\

Database population with in silico
assessment for genotoxicity and
skin sensitization

)

=~ 20,000 substances

l

> 100 molecular groups

(e.g. Coumarins, Flavonoids,
Benzoquinones, Monoterpenes)

To make in silico predictions

To assess quality of the predictions
for this type of compounds

To draw a conclusion for each
molecule

To automatize the assessment

To integrate new tools to increase
reliability



Models for Ames mutagenicity

MODELS USED MUTAGENICITY

Mutagenicity (Ames test) CONSENSUS model 1.0.2

+
Mutagenicity (Ames test) model (CAESAR) 2.1.13
Mutagenicity (Ames test) model (SarPy/IRFMN)1.0.7
Mutagenicity (Ames test) model (ISS) 1.0.2
Mutagenicity (Ames test) model (KNN/Read-Across) 1.0.0

CONSENSUS method

WAIS(E/A VEGA platform v.1.1.4

+
TEST. v.4.2.1 Hierarchical method
FDA method
Nearest neighbor method
QSAR toolbox v. 4.2 Profiling Ames by OASIS

[ New SARpy model (stepwise):370+/ 567- rules }




The workflow for AMES mutagenicity <
-

Experimenta
results in
Ames test?

YES Use AMES result,

very good
reliability

In silico tools:
VEGA CONSENSUS MODEL
(4 models)

>- (3 models)

QSARToolbox
(DNA alerts for AMES by OASIS)

PREDICTIONS

CONCLUSION _

/ l Predictions with low

reliability refined with a
NON- . new SARpy model
Mutagenic (large database)

Mutagenic




Examples of the workflow for AMES
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Results of pilot phase on groups

MOLECULAR GROUPS

acridone
naphthoquinone
dianthrone
anthraquinone
aporphine
isothiocyanate
qguinoline
bisbenzylisoquinoline
furanocoumarin
pyrethrinoid
sesquiterpene ketone

MOLECULAR GROUPS

diterpene lactone
guinolizidine
ellagitannin
isoflavone
pyranocoumarin
nucleoside
protoberberine

N. of N. of
ICIr:g prrendUtNaon predicted
13 0 13
30 1 31
7 1 8
18 3 21
10 2 12
10 2 12
5 1 6
9 3 12
3 1 4
6 3 9
8 5 13
N. of b @ Tot
pred
pred Non
Muta
muta
4 5 9
4 5 9
52 61 113
3 3 6
3 3 6
6 5 11
6 5 11

predicte %muta

%muta

100
97
88
86
83
83
83
75
75
67
62

44
44
46
50
50
55
55

%
non muta

0
3
13
14
17
17
17
25
25
33
38

%
non
muta

56
56
54
50
50
45
45

N. of

N. of

MOLECULAR GROUPS pred ':’\'red

sesquiterpene alcohol
acetogenin
anthocyanidin
aurone
cannabinoid
coumestan
cucurbitacin
cyclitol
diterpene acid
flavanone
gallotannin
glucosinolate
heteroside
Isoflavane
Labdane

Muta

o

O OO OO0 O0OO0OO0OOoOOoO oo oo

muta

9
12
21
11
10
11
19
10
10
12
34
10
12

15

O OO OO O0OO0OO0OOoOOoOoo o o o

muta

100
100
100
100
100
100
100
100
100
100
100
100
100
100
100



Refinements
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Figure 29. Metabolic ransformation of coumarins,

mntm'r

obliquin

7-hydroxycoumarin =
7-hydroxy-2h-1-
benzopyran-2-one

-,

Benigni-Bossa SA30 for coumarins

Coumarin 7-hydroxylation and 3,4-epoxidation are generally recognized as
the predominant metabolic pathways in humans and rodent (Figure 29)*.

l

MetaPrint2D-React - metabolic product predictor (http://www-
metaprint2d.ch.cam.ac.uk/) on coumarins to predict the types of
transformation and their site on the molecule.

\
X SA30 Coumarins and
Furocoumarins
N .
o 5 ixperlmen(;caig
Epoxidation,Hydroxylation; ccuracy: U, (n' poS.
21/43)
v
Glucuronidation,Sulfation,Methylation,
Glucosidation(+X),Acetylation,Acylation, o o R
Phosphorylation R1=N, O, not included in
an aromatic ring
NN
J

Exception rule - Experimental Accuracy: 1 (n. pos. 0/10)


http://www-metaprint2d.ch.cam.ac.uk/

Results on 18k substances

AMES

102

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

E Neg. verygood = Neg.good = Neg.moderate = Neg.Low =Pos.Low =Pos. moderate = Pos.good & Pos.verygood



Evaluation of genotoxicity (MN)

Structure Alerts for the in vivo
micronucleus assay

Positive Predictivity (%) of the alerts based on
three different sources:

1) Benigni et al. 2009,
2) Benigni et al. 2011
3) QSARtoolbox databases + NIHS (Japan)

cod. Benigni-Bossa ALERTS for MN Confidence
Range

SA_2 alkyl (C<5) or benzyl ester of sulphonic or phos H
SA 5 S or N mustard |
SA_7 epoxides and aziridines
SA 22 azide and triazene groups G
SA 32 1,3-dialkoxy-benzene H
SA_4 monohaloalkene
SA_16 alkyl carbamate and thiocarbamate M
SA_18 Polycyclic Aromatic Hydrocarbons o)
SA_21 alkyl and aryl N-nitroso groups
SA 33 1-phenoxy-benzene D.
SA 35 oxolane
SA_ 1 acyl halides
SA_3 N-methylol derivatives
SA_6 propiolactones or propiosultones
SA_8 Aliphatic halogen
SA 9 alkyl nitrite
SA 10 alpha,beta-unsaturated carbonyls
SA 11 simple aldehyde
SA_12 quinones
SA_13 hydrazine
SA_14 aliphatic azo and azoxy
SA_15 isocyanate and isothiocyanate groups L
SA 19 heterocyclic Polycyclic Aromatic
SA 23 aliphatic N-nitro group 0
SA 24 unsaturated aliphatic alkoxy group w
SA 25 aromatic nitroso group
SA 26 aromatic ring N-oxide
SA 27 nitro-aromatic
SA 28 Primary aromatic amine, hydroxyl amine and it
SA 28bis |aromatic mono- and dialkylamine
SA 28tris |aromatic N-acyl amine
SA 29 aromatic diazo
SA 30 coumarins and Furocoumarins
SA 34 H-acceptor-path3-H-acceptor

SA 36

carbodiimides




Workflow for MN

4 In Vivo MN alert ISS conclusion confidence

Alert not reliable No conclusion

Alert less reliable Genotoxic Low




Results for micronucleus test

MN RESULTS

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

E non genotox_mod E no conclusion Egenotox_low = genotox_moderate/Pc



Refinements

Micronucleus alert SA32: 1,3 dialkoxy-benzene |

SA 32: 13-dialkoxy-benzene
R

Implemented SMART string: c1¢c(OC)cc(OC)ccl \Q

R= any alkyl group

C are not aromatic, insatured or C=0

l

C are only CH3




Evaluation of skin sensitization -
-

Skin sensitization model (CAESAR) v.2.1.6 + ToxTree Skin sensitization reactivity domains
+

SARpy model (430 substances: LLNA data or list of allergens — 35pos/7neg rules

VEGA prediction Toxtree alerts Conclusion Reliability

No Non-sensitizer  Good

Yes Sensitizer Good

Yes Non-sensitizer ~ Moderate

No Sensitizer Moderate

Use Experimental value
Very good reliability

Toxtree alerts SARpy Conclusion Reliability

YES
Target Experimental
compound values available?

NO

VEGA model

ADI<g ¢ Path 3




Results for skin sensitization

E Non-sensitizer (Very good) = Non-sensitizer (Good) £ Non-sensitizer (Moderate) = Non-sensitizer (Low)

E Sensitizer (Low) E Sensitizer (Moderate) E Sensitizer (Good) E Sensitizer (Very good)

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%



TTC thresholds for the different scenario

v" In silico predictions and text mining combined in a
workflow to determine max admitted concentration



Output of the database

Populated at the individual
substance level with info on in LS \

silico predictions, text mining Extracts® )\ Chemica )) e
H ". a S I:)A'I.ABASEtlca compou
results, risk assessment, . ) e e

presence in specific s

plants/organs e

Development of innovative
NCSTOX Molecule models to predict the absence
of systemic toxicity.

TTC of extract
molecules (*)

New predictive approach for

assessing extract sensitizing
potential.
“GSTUK sarery
report Of ‘// / In case of new
the extract molecules,
use of in silico
\ \ models

Organ
] ] (*) When constituents of the extract exceed TTC, consider additional tests




Conclusions

v
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Development of workflows for the integrated use of
multiple in silico models for mutagenicity and skin
sensitization

Refinement and development of new models and
structural alerts for toxicity

Prediction of 20,000 substances

Dealing with expectations and uncertainty in dialoguing
with other partners

Population of a database to facilitate botanical extracts
assessment
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