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Chemicals

Pathogens

Terrorism &
Warfare

Drugs & 
Countermeasures

… but no patients
to test on.



NAS committee

FDA Animal rule 2001

“Currently available animal 
models for the development of 
countermeasures against 
biothreats are imperfect 
representations of the human-
pathogen interaction…the 
creation of new animal models is 
not warranted at this time … 
utilizing alternative methods to 
animal models”

ALTEX. 2012;29(3):251-60.



CAS 
Registry 
Numbers:
more than 
200+ million 
unique 
organic and 
inorganic 
substances



Nat Mach Intell 4, 189–191 (2022). 
https://doi.org/10.1038/s42256-022-00465-9

AI can identify 
threat agents



Collaboration

OUR MINI-BRAIN 

PROJECT

Still need testing 
to confirm

Big data and artificial intelligence 
allow now to identify toxic substances for bad or good…



Oligodendrocytes

Astrocytes

Neurons

Standardized Reproducible Mass-produced Genetic background 
of donor/patient

2016:
Standardized
Brain Organoids 
from induced 
pluripotent stem 
cells
Autism
COVID-19
Glioblastoma….

Lena Smirnova



Seizurogenic model to 
study nerve agents 
and countermeasures

DAPI, CD11b, actin DAPI, TREM2, actin

Map2/Trem2/DAPI

J. Plotkin C.  Krall K. Glover 

CRADA with CCDC, DoD

iPSC-derived microglia

Incorporation of 
microglia into brain 
organoids

Induction of 
Neuroinflammation 



Discovery Grant

Combining MPS, 
sensors and AI

Organoid Intelligence (OI)=
Input &
Output



Chemical Warfare

Chemical Terror

Tokyo
20 March 1995
Aum Sect

AI can predict toxicity
AI can help synthetize 

On the positive side:
• AI can map toxicity 

space
• AI can identify 

chemicals used
• AI can trace 

synthesis efforts
• AI can help design 

medical 
countermeasures 
(w/o patients and 
good animal models) 

Organisation for the Prohibition 
of Chemical Weapons



The NOW



The NEW
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All (4,000 
properties)

2 (cancer & 
reprotox)

91 (human 
sens)

9 (acute)1 (sens)1 (sens)Hazards

260 million~600,000 + 
~50,000

~600,000~600,000~600,00019,1111,145Data

120 million~1,000 each4,700 (food)506190,000525 - 2,288
of total 
3,116

145Chemicals 
predicted

~90%75%, 82%83%80%87%92% - 80%63%Accuracy

TransformerRandom 
Forrest

Random 
Forrest

Random 
Forrest

KNNRandom 
Forrest

Method

In 
preparation

Luechtefeld 
et al. 2023 
(poster)

Fu et al., 
2022

Golden et al. 
2016

Luechtefeld 
et al. 2015

Luechtefeld 
et al. 2016

Luechtefeld 
et al. 2015

Scaling of our own work 2015-2025

One hazard to all properties

~1000 to ~260 million

~150 to ~120 million

~65% to ~90%



~140 databases made importable (BioBrick.ai)
12 of these:
• 117 million chemicals
• 254 million chemical activities
• 4026 ‘big properties’ with 1000+ activities

Prediction accuracy 91%

Current model



Data and & AI are at the core of ONTOX 
- let’s look a bit under the hood!

~140 databases
as BioBricks, 
(most GitHub)

~90 databases
in our publication

12 databases
Used for training
260m datapoints

ChemProp
Transformer

91% accurate on
10% hold-out data
(i.e., 26m data)

~4,000 properties
predicted

Property Linkage
(through AOP)

ToxIndex
(agentic AI)

LLM User 
Interface
(reports)

Physiological Maps
(AOP networks)

~100 QSAR

Scientific publications
(3.4 million per year)

SysRev.com
(automated 
extraction & 
integration

ChemCrawler (web)
Metabolism
Quality Assessment
Docking...

85-95% accuracy
For apical endpoints

Evaluation 
for liver, 
kidney & 
dev. brain

ongoing

ongoing ongoing



Drug 
Devlopment

2022: 18 AI-first into human trials
2023: InSilico Med into phase 2a
2024: phase 2b





The Next
- Building trust
- Deploy ToxAIcology



See evil, hear evil,
and speak about evil!

Thartung@jhu.edu
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