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AI Data: +60% per year 
 = 90% in last two years
Computer: +40% per year 
 (Moore’s law)
AI: +700% per year since 2010

Together increase
>1 billion-fold
over last 60 years



1. There is a better way 
to play chess

2. The structure of all proteins
can be predicted from 
gene sequence

3. A computer is better than (most) lawyers

4. A computer exceeds computational capacity of a human brain

5. AI can design drugs

6. AI wins art contests

2022 DeepMind: AlphaZero

2022 DeepMind: AlphaFold

2023 OpenAI: GPT-4

2022 Frontier Computer exceeds 1 exaflop

2022 – 18 AI-first drugs in clinical trials

2022 Midjourney



https://lifearchitect.ai/gpt-4/

Variables 
trained on

14 March 2023 Launch of GPT-4







https://www.sequoiacap.com/article/generative-ai-a-creative-new-world/

Nature 20 Apr 2023



EU ONTOX project ($20 
million, 2021-2026) to 
address liver, kidney and 
developing brain



1. The largest toxicological 
database ever

2. Automatic paper selection and 
information extraction

3. Automatic extension of AOPs 
and Physiological Maps

4. Estimation of internal dose from 
exposure

5. Probability of hazard from 
chemical structure and 
perturbation of biology

6. Probability of risk enabling 
information economy

Six impossible things 
I believe ONTOX will deliver





Researchers per million inhabitants

8.8 million researchers 
world-wide



Data extraction from 
literature, reports & 
databases



https://www.youtube.com/channel/U
CoUbMAvxBSZpOlqKjOkxNzQ/videos

Machine learning

Semi-automated systematic review:
• Auto-extract /annotate papers
• Auto-analyze clustering of papers
• Learn from manual inclusion / exclusion
• Automated inclusion / exclusion suggestions
• Natural Entity Recognition & Causal 

Relationship Extraction
• Feed into ontologies and AI
• chatGPT -> bioGPT -> toxGPT (?)



Data Mining for Ontologies & AI

Progress Dashboard Visualization: Number of labels in each ONTOX project over time



45% of time of data analysts 
is spent loading and cleaning data

BioBricks do this 
with one-line command



Establishment of a big data platform and data gap filling for 
integration of collected data

• Biobricks will provide a toolset for hosting, querying, 

and distributing ONTOX big data.

• Biobricks.ai serves sysrev.com data

• Biobricks.ai allows brick integrations

• ~50 BioBricks constructed to date

• ChemHarmony: 

integrates chembl, pubchem, ctdbase etc.:          

200 million triplets of substance/property/result

• Building querying functionality

• Public release of toxicology BioBricks 19

biobricks

aspis4j

sysrev

rasar

Figure 5.1: Construction 

and Distribution of 

ONTOX Data Assets



https://www.youtube.com
/c/SysRev?app=desktopLiterature

Databases

http://chemchart.com
Internet

DATA

https://www.biopharmatrend.com/post/
103-introducing-sysrev-the-intelligent-
platform-for-document-review-and-
automated-data-extraction/



Establishment of a big data platform and 
data gap filling for integration of collected data

Data integration interoperability

Combine Information obtained by 

mining literature, public sources, 

and QSAR predictions

The aspis4j database associates 

chemicals, proteins, genes, 

diseases, pathways and other 

bioinformatics-based entities.

This database will be used to create 

‘graph embeddings’ for predictive, 

explainable, models.

Physiological Maps



DATA

Quantification:

Biology/physiological maps:
AOP network:

Chemical/

clinical data: 

example of 

plug-in table

PMDEP App https://youtu.be/YG0gjm&GD5K 

RASAR
+ QSAR

Probability of hazard
From perturbation of physiology

From chemical structure and properties

https://youtu.be/YG0gjm&GD5K


2018: Nine most used animal tests
AI predicted 190,000 chemicals 87% correctly
Animal reproducibility 81%

2020: Human Skin Sensitization
AI predicted 506 chemicals 80% correctly
Animal 74% correct

2022: Nine most used animal 
tests predicted by AI
AI predicted 4700+ food 
chemicals 83% correctly in 1h
= 38,000 animal studies at 
$250+ million 

2023: Systemic toxicities
AI predicted 75% cancer risk 
of 950 chemicals and 82% 
reproductive tox of 1152 
chemicals correctly



Set-up and application of machine learning/deep learning 
approaches to predict probability of chemical hazard and potency

Figure 5.2A. Similarity 

heatmap for chembert 

embeddings on 1k chembl 

compounds

Dark red = highly similar, 
White = not similar

Figure 5.2B. Heatmap for 

inhibition assay supervised 

embedding

Dark red = highly similar, 
White = not similar

We can do 1 trillion 
comparisons per 
hour on a “normal” 
computer!

structural biological
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ADME testing

Hartung and Leist, 2008
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(given chemical) More 

Testing?
Risk

Management
Minimal

risk

Susceptibility
(individuals)

Probabilistic Risk
(individual or 

cumulative population)

Read-
across

Mechanistic
alerts

Probability

U
n

ce
rt

ai
n

ty

Information economics
vs. precautionData

Concentration response

Probability 
of exposure

OntologiesRASAR

RASAR
Workshop
July 2023



1. The largest toxicological 
database ever

2. Automatic paper selection and 
information extraction

3. Automatic extension of AOPs 
and Physiological Maps

4. Estimation of internal dose from 
exposure

5. Probability of hazard from 
chemical structure and 
perturbation of biology

6. Probability of risk enabling 
information economy

Six impossible things 
I believe ONTOX will deliver



ALTEX 2020, 37, 3-23 

Fenna Sillé

Exposome 
& AI
= EI
(Exposome
Intelligence)

AI & exposure



O.I.
Brain

Organoid

A.I.

Input

Output

Discovery Grant

Organoid Intelligence 
(O.I.)

Huang et al, Sci Adv 2022

Human brain organoid 
caged in shell electrodes

• Physiology of learning
• Tox & Drug Development
• Biological Computing

AI & in vitro





ALTERNATIVES
TO ANIMAL
TESTING

ToxAIcology



ALTERNATIVES

TO ANIMAL

TESTING

ToxAIcology


