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How good are in silico systems for predicting skin 
metabolism (pro-haptens)? 

Why is this?

Do we need more experiments?



Skin Sensitisation: Electrophiles

• Pro-/pre-haptens are considered to make up about 25% of the chemical 
space related to skin sensitisation

• The chemistry of many pro-/pre-haptens is very closely related – indirect 
electrophiles is a more appropriate term

Patlewicz et al (2016) Regulatory Toxicology and Pharmacology, 82, p147



Skin Metabolism

• There are limited data around the exact expression levels of metabolising 
enzymes in the skin 

• The most comprehensive review outlines (rat, mouse, pig, guinea pig and 
humans):

• Low expression of the P450 system 
• Expression of oxidising enzymes (COX and FMO)
• Expression of conjugating enzymes

• Essentially, the skin is capable of oxidation and conjugation

Oesch et al (2018) Archives of Toxicology, 92, p2411



Skin Sensitisation: Pre-/Pro-Haptens

• Numerous chemicals can behave as both pre- and pro-haptens (for 
example, hydroquinones)

• However, some chemicals are definite pro-electrophiles 

• These chemicals are typically not identified in the DPRA

• Interestingly, some of these were identified by other assay from the 
‘triple pack’ (Keratinosens and HCLat)

Patlewicz et al (2016) Regulatory Toxicology and Pharmacology, 82, p147



Table 2 taken from Patlewicz et al (2016) Regul Toxicol Pharmacol 82, p147



Pro-Hapten Identification for Skin 
Sensitisation: In Silico Tools

Madden et al (2017) Computational Toxicology 3, p44

Plus a number of other commercial 
software packages – for a review see 
reference below



Expert Systems



Expert Systems – Knowledge Base

The knowledge base is constructed using 
structural alerts that relate chemistry to 

an effect (MIE, endpoint, metabolism etc.)



OECD QSAR Toolbox

• The OECD QSAR Toolbox is an in silico tool designed to facilitate read-
across predictions (it is not a true expert system)

• It is chemistry-based, featuring a range of structural alert-based 
profilers

• These profilers are organised on an MIE and/or endpoint basis

• Contains the knowledge of other freely available tools such as ToxTree
(certainly in terms of skin sensitisation) 

OECD QSAR Toolbox is available from: qsartoolbox.org



OECD QSAR Toolbox – Relevant Profilers

Protein binding by OECD & OASIS 
Protein binding alerts for skin sensitisation 

according to GHS & OASIS

Skin metabolism simulator
Hydrolysis simulator

Dissociation simulator



OECD QSAR Toolbox – Skin Metabolism Simulator

• Rules initially derived from an understanding of liver metabolism and skin 
sensitisation data derived from the LLNA, GPMT and other sources

• Subsequent analysis has improved the skin metabolism rule base with the 
availability of biotransformations for 151 chemicals

• Full implementation is found in the commercial TIMES software, with a 
simplified version being available in the OECD QSAR Toolbox

• Full version adds probability and reliability scores for each predicted 
biotransformation

Mekenyan et al (2012) SAR QSAR Environ Res, 23, p553; TIMES available from http://oasis-lmc.org/



Derek Nexus (Lhasa Ltd.)

• A true knowledge base system for predictive toxicology

• Contains structural alerts for a number of endpoints, including skin sensitisation

• The Derek Nexus knowledge base for skin sensitisation contains alerts for direct 
and indirect electrophiles

• Contains a reasoning engine that offers a five levels of confidence in the 
predictions (based on the extent of the underlying knowledge)

• Levels of confidence being: impossible, improbable, doubted, equivocal, 
plausible, probable, certain



Meteor Nexus (Lhasa Ltd.)

• No specific skin metabolism model

• Instead, there’s a range of potential biotransformations

• As with Derek Nexus, these predictions have an associated level of 
confidence associated with them: improbable, doubted, equivocal, 
plausible, probable, certain

• As outlined earlier it is known that skin and liver metabolism differ, with 
differing expression levels of the key enzymes

• Careful considerations of the relevant enzymes is required in order to 
prevent Meteor being over predictive of potential metabolites



Profiling Examples

• The next slides outline how we can identify potential haptens for:

• Cinnamyl formate (CAS No 104-65-4)

• Isoeugenol acetate (93-29-8) 

• Cinnamic aldehyde dimethyl acetate (4364-06-1)

• Ethylenediamine (107-15-3)

Patlewicz et al (2016) Regulatory Toxicology and Pharmacology, 82, p147



Cinnamyl Formate
(104-65-4)



Cinnamyl Formate
(104-65-4)



Cinnamyl Formate
(104-65-4)



Cinnamyl Formate
(104-65-4)

This is in contrast to the known liver metabolism in which cinnamic aldehyde 
is produced via the action of esterases followed by alcohol dehydrogenase

We might consider category 1B following metabolism to be a non-sensitiser



Isoeugenol Acetate 
(93-29-8)

Metabolism versus hydrolysis ?



Isoeugenol Acetate 
(93-29-8)



Summary: OECD QSAR Toolbox

• The examples we have looked at showed that we can identify potential 
electrophiles due to skin metabolism and hydrolysis 

• Profilers are available for the prediction of skin metabolism, hydrolysis and 
dissociation

• However, we cannot offer any indication of the rate of these reactions or 
the ratios in which the metabolites exist (probability/reliability scores are 
available in TIMES)

• Knowledge bases are only as good as the data on which they are built



Derek Nexus returns ‘nothing to report’ if 
there is no information about the chemical 

of interest within the knowledge base

The next step is to investigate metabolism



The benefit of this approach is that you 
can design your own profiling scheme for 
enzymes/biotransformations of interest

In this example we have selected oxidation 
and reduction phase 1 transformations only



Cinnamyl Formate
(104-65-4)



Phase II metabolism

Phase I metabolism

Cinnamyl Formate
(104-65-4)







Summary: Meteor and Derek Nexus

• The example we have looked at showed that we can identify potential 
electrophiles due to skin metabolism 

• The knowledge base in Meteor Nexus identifies potential metabolites, these can 
be screened for skin sensitisation potential using Derek Nexus

• Derek Nexus also contains structural alerts for some pro-electrophiles

• Predictions in both systems are given a level of confidence; however, potential 
biotransformation rates and ratios are not available

• Knowledge bases are only as good as the data on which they are built



OECD QSAR Toolbox & Nexus

• Occasionally these two leading tools will give differing profiling results

• This is usually around whether an alert has been encoded as a part of 
the ‘toxicity’ or ‘metabolism’ knowledge

• For example, consider profiling ethylenediamine (a pro-electrophile 
from the Patlewicz et al study)



Derek Nexus contains direct and 
indirect alerts for skin sensitisation in 

its knowledge base

Ethylenediamine
(107-15-3)



Ethylenediamine
(107-15-3)



Ethylenediamine
(107-15-3)



Ethylenediamine
(107-15-3)



Table 2 taken from Patlewicz et al (2016) Regul Toxicol Pharmacol 82, p147

No metabolites predicted



How good are in silico systems for predicting skin 
metabolism (pro-haptens)? 

Why is this?

Do we need more experiments?



Conclusions

• There are number of ‘expert’ systems available that can predict the potential of a 
chemical to react covalently with proteins 

• The Nexus programmes are true expert systems, whilst we have used the 
knowledge within the OECD QSAR Toolbox as it were

• The encoded knowledge in both systems is very good at identifying potential 
direct and indirect electrophiles capable of causing skin sensitisation

• However, neither system can predict the rates of metabolite formation or the 
ratios of the various metabolites 

• Lhasa products are commercial, whilst the OECD QSAR Toolbox is free 


