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THREE STEPS TO SELECT ANALOGUES FOR SKIN 
SENSITIZATION PREDICTION USING READ-ACROSS: 
AN ILLUSTRATIVE CASE STUDY WITH VANILLIN
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The Next Generation Risk Assessment (NGRA) framework for the evaluation of the skin sensitization potential of
ingredients uses an exposure-led weight of evidence (WoE) approach which includes new approach methodologies
(NAMs) [1,2]. As previously illustrated, read-across may be a key component to increase confidence in the hazard
characterisation for the skin sensitization NGRA[3]. However, it requires an explicit description of the analogue
identification process as well as a transparent justification of the final analogue selection.

Target chemical: Vanillin

NAME: VANILLIN
CAS number: 121-33-5
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+

OECD QSAR TOOLBOX v4.4.1 (TBox) Chemtunes, ChemID, RIFM 

Vanillin OFGVanillin Protein Reactivity and Skin Sensitization Profiling Structural Similary combined with
profilers with alerts for Vanillin

Similarity + profiling alerts

3 chemicals
In addition to Tbox chemicals
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Skin 
sensitization

data

8 chemicals

2 chemicals

Skin
sensitization

data

3 profiling alerts 2 profiling alerts + OFG 

338 chemicals

41 chemicals

17 chemicals

3 out of 5 OFG of vanillin

6 chemicals

removal of chemicals with
OFG not in target

Skin sensitization data

Including the 2 from the 3 Profiling Alerts search

TBox Chemtunes, ChemID, RIFM 

PHASE-I METABOLISM COMMONALITY BETWEEN TARGET AND ANALOGUES

Non S, LLNA
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Mono –OH metabolite

A.

Syringaldehyde

DI–OH 
metabolites

Syringic acid

Tri–OH metabolites

Strong S
(GPMT)

B. C.

Diethoxy
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Non S,
LLNA

Weak S, LLNA
(S in GPMT)

Vanillin

Vanillic acid

Ethylvanillin

Isovanillin

Veratraldehyde

Piperonal

veratric acid =
3,4-dimethoxybenzoic acid

Isovanillic acid

Piperonylic acid

Ethylvanillic acid

Diethoxybenzoic acid

Iso Ethyl
vanillic acid

Weak S
LLNA, OET

Non S,
LLNA

Non S
Human data

Non S (GPMT)

Di –OH metabolites

protocatechuic aldehyde and acid

Same pathways for the target and 
analogues: 

 Aldehyde oxidation (→) and/or dealkylation (→) 

 Di –OH metabolites with –CHO or –COOH: 
Reactive

 Acids and Mono –OH metabolite with –COOH: 
Non-reactive

Categorization in 3 sub-groups:

A. 2 chemicals 

- Non-sensitizing metabolites

B. Target and 5 chemicals

- Non-reactive or non-sensitizing acid metabolites

- Identical reactive metabolites that could be 
further oxidized into acids (No sensitization 
data)

C. 1 chemical 

- Non-reactive acid metabolite

- Different reactive metabolites (compared to 
group B) and possibly further oxidation in a 
reactive and sensitizer chemical

NB: The presence of both a para -OH and a meta -
OMe group only in syringaldehyde analogue like
vanillin does not seem sufficient to convey strong
sensitization potential as other chemicals with the
identical substructure were found non sensitizer.

• Vanillin was readily absorbed through human skin and almost completely metabolized within 2 hours using fresh human skin 
explant

• Skin metabolites included vanillic acid, protocatechuic aldehyde and acid
• Also detected were the phase-II metabolites vanillin alcohol glucuronide and sulfate conjugates, protocatechuic aldehyde 

glucuronide and vanillin glucuronide
• No evidence for additional hydroxylation at he benzene ring of vanillin

1. The eight chemicals retrieved using protein reactivity and OFG showed inconsistent skin sensitization information

2. No refinement of analogue selection was achieved with extended profiling based on additional reactivity profilers, PCP, similarity, skin absorption and autoxidation

3. Skin metabolism prediction together with metabolite reactivity profiling and existing in vitro skin metabolism data on vanillin enabled to allocate the eight analogues to three sub-groups 
(A, B, C) supporting the selection of sub-group B analogues for read-across

4. Based on this, vanillin was finally classified as a weak skin sensitizer.
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