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INTRODUCTION

MATERIALS

Increasing societal concerns for animal welfare and current legislation constraints
(Reach and the 7th Amendment to Cosmetics Directive) have made the industry
enter a new phase in its innovation and R&D processes. The challenge is to
move to the development and use of non-animal alternatives. Such a challenge
is huge, especially in the area of acute oral toxicity (AOT) because developing an
alternative requires I) the combination of numerous mechanisms of action and II)
considerations of the complexity of the chemical space covered by cosmetic
ingredients.

The training set of the current version of the AOT modeling system consists of 2580 public domain chemicals
with observed LD50 data (Test duration – 24 hours)

The aim of our investigations is to develop an in silico model for AOT of chemicals
to rats, meeting the alternative method’s requirements and overcoming the
limitations of current QSAR models. The modeling concept presented here is also
to provide a mechanistic justification and transparency of the predictions.

Data sources:
1. ChemIDplus database -in vivo LD50 values for 10154 chemicals tested in rats
		

DISCUSSION : ADDING HYDROLYSIS SIMULATORS
Fast hydrolyzing chemicals (more than 90% within 2 hours ) having well known highly reactive groups which is a premise for significant excess
toxicity have been analyzed. It was found that AOT could be significantly reduced due to abiotic or biotic hydrolysis.
The finding is exemplified by isocyanates which are strongly reactive chemicals. Due to the fast abiotic hydrolysis their AOT is reduced significantly.

Range of variation:

2. ZEBET database -in vitro IC50 values as well as acute oral toxicity data (LD50) for rats and mice for
		 361 chemicals.

As a result of hydrolysis isocyanates belong to the class of chemicals exhibiting basic (minimum) toxicity

The chemicals of the training set belong to 50 chemical classes:
1. alpha, beta - Unsaturated aldehydes – 22 chemicals
2. Acrylic acid esters – 51 chemicals
3. Coumarins and chromenes – 96 chemicals
…………
16. Imidazoles and Triazoles with benzofuranyl residues – 94 chemicals
17. Isocyanates and isothiocyanates – 32 chemicals……….

Few outliers are identified due to activation
by other functionalities, volatility, etc.

Thus alteration of physical and chemical properties due to abiotic hydrolysis is expected to affect toxicity of chemicals including acute oral toxicity (AOT).

PROPOSED MODELLING APPROACH
➔ The AOT modeling system implemented in the TIMES platform is based upon a category approach.
➔ Chemicals are grouped in the same acute toxicological category based on their known or hypothetical interaction
mechanism and toxicological mode of action :

• Abiotic Hydrolysis could alter:
		 • Physical properties – affecting water solubility, lipophilicity, etc. (i.e., affecting bioavailability)
		 • Chemical properties – resulting in formation of new or deactivation of an existing alert (i.e., affecting reactivity)
➔ As a result abiotic (biotic) hydrolysis of target chemicals are to be simulated within the AOT modeling system in order to potentially explain the
reduced AOT effect of fast hydrolysing reactive chemicals :

Example: Mechanism and mode of action of hydroxyl-containing organic sulfides
Mode of action – Reversible inhibition of acetylcholinesterase enzyme (AChE)
Mechanism of action – Formation of hydrogen bonds, involving OH groups in any position of the aryl moiety and anionic site of AChE
➔ Each category forms a local training set (available to users) associated with similar functional groups. A specific QSAR model is derived for each defined toxicological category:
Model concept - the formed toxicological categories include two types of toxicity based on their reactivity:
• Basic (minimum) toxicity - a result of affecting the most basic functions of cells; characteristic of non-reactive chemicals acting by narcosis mechanism.
• Excess (enhanced) toxicity - a result of destroying critical processes of the cells or the whole organism due to enhanced chemical reactivity:
		a. Bioavailability dependent excess toxicity - at lower solubility (estimated by WS or KOW) chemicals elicit basic toxicity. After reaching a certain solubility threshold a positive AOT vs. bioavailability
			 relationship is observed.
		b. Invariable excess toxicity - a constant excess toxicity is observed within the studied range of bioavailability due to the presence of reactive functionalities in chemicals.

As seen the abiotic hydrolysis of 3-chloro-4-methyl-2-oxo-2h-1-benzopyran-7-yl diethyl phosphate strongly reduces the AOT of parent chemical.
The resulting metabolite is predicted not toxic. Thus it will not deteriorate and can potentially reduce the overall AOT effect.

CONCLUSION AND PERSPECTIVES
The presented modeling system for AOT is based on an original category approach that is completely integrated in the TIMES platform.
The training set of the current AOT model contains 2580 chemicals classified into 76 acute toxicological categories, for which 76 local QSAR models
were build and for which:
✓ The hypothetical toxicological and chemical mechanisms of action are associated and justified with each formed category
✓ It was found that chemicals having no reactive groups elicit basic (minimum) toxicity. This is a constant toxicity (log 1/LD50= 1.63 ± 0.8)
✓ Chemicals having reactive groups reveal an enhanced toxicity as compared to the basic toxicity. Two types of excess toxicity were defined:
		 bioavailability dependent and invariable excess toxicity
✓ The toxic potency of chemicals revealing invariable excess toxicity does not depend on their bioavailability (log 1/LD50= constant)
✓ A simulator of the abiotic (biotic) hydrolysis of target chemicals is to be added in order to explain the reduced AOT effect of fast hydrolysing
		 reactive chemicals.
✓ All predictions are to be supported by mechanistic justification, example chemicals and an applicability domain.
This modelling system is thus build to meet alternative method’s requirements and overcomes the limitations of current QSAR models.
Future work will include expansion of the training set and thus creation of additional toxicological categories.

