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Project launch: “Artificial intelligence 
coupled to automation for accelerated 

medicine design”
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Traditional formulation

• Time consuming

• Datasets often unavailable

• Inconsistent quality

• Reliant on dwindling expertise and skilled operators 
(GAP0018 – SIP, Industrial Strategy 2017)

• Design space inherently constrained by human intuition and 
quantities

• TPP/mTPP/qTPP – multiple endpoints. 

• Quality reporting requires expertise
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A revolution in the chemical sciences? 
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A revolution in the chemical sciences? 

Burger et al, Nature, 2020, 583, 237–241
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A revolution in the chemical sciences? 

Knox et al, Polym. Chem., 2022, 13, 1576-1585
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A vision for modern formulation

• Bespoke automated pipelines 
for a particular dosage form 
with closed-loop capability

• Full exploration of excipient 
space 

• Multiple endpoints matched to 
TPP

• Standardised reporting with 
data integrity



UCL SCHOOL OF PHARMACY

Where are we?



Combinatorial explosions
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Combining things in different concentrations gets very complex very quickly.

If we have 2 excipients that can be combined in 11 different concentrations (0 to 10%) then we have:

11 x 11 = 121 different ways of combining them.

This increases rapidly – we multiply this by 11 each time we add a new excipient.

If we have 10 excipients that can be combined in 11 different concentrations (0 to 10%) then we have:

11 x 11 x 11 x 11 x 11 x 11 x 11 x 11 x 11 x 11    or     1110 =    25,937,424,601 ways to combine them.



Combinatorial explosions
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One Billion seconds is ~32 years
One trillion seconds is ~30,000 years

One Million seconds is ~12 days



Our current exploration of formulation space is limited
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Mucoadhesive polymer formulations for drug 
delivery:

- 101 formulations published.

- Assuming all possible combinations of every 
parameter in the dataset (unrealistic), there are 
~100 billion possible polymer formulations.

- 0.0009% of the state space has been explored.

Cook, Shorthouse. Under review



Bayesian Optimisation
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Bayesian Optimisation offers a method for exploring these systems in an intelligent and efficient way.

Make Stuff

Predict Useful 
Samples



Bayesian Optimisation
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The surrogate model generally relies on the uncertainty of its predictions to recommend the next points for study.

There are multiple mathematical methods available for calculating the “best” next data to collect. 

Medium.com
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The surrogate model generally relies on the uncertainty of its predictions to recommend the next points for study.

There are multiple mathematical methods available for calculating the “best” next data to collect.  

Brochu et al. Arxiv (2010). https://doi.org/10.48550/arXiv.1012.2599 

Figure 7: Comparison of probabili ty of improvement (top), expected improvement (middle) and upper confidence bound (bottom) acqui-

sition functions on a toy 1D problem. In the upper rows, the objective function is shown with the dotted red line, the solid blue line is the

GP poster ior mean. In the lower rows, the respective infil l functions are shown, with a star denoting the maximum. The optimizations

are initialized with the same two points, but quickly fol low di↵erent sampling trajectories. In particular, note that the greedy EI algorithm

ignores the region around x = 0.4 once it is determined there is minimal chance of improvement, while GP-UCB continues to explore.
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https://doi.org/10.48550/arXiv.1012.2599
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Define Formulation Space
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An example:
• System of 6 excipients with 11 

potential concentrations each.

• 17 million possible 
combinations.

• We “seed” our system with 96 
samples (3 x 96 well plates).

• We then run batches of 32 (one 
plate with 3 repeats) samples.

• We get near to a theoretic 
optimum within 
400/17,000,000 (0.002% of) 
samples .
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A real example:
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• A target active.

• 6 possible excipients.

• 11 levels for each excipient (0 and 1-10% solutions).

• We follow the identical process as in our “toy” example 
system:

• 3 x 96 well plates to seed the system.
• 1 x 96 well plate per loop.

• We use an opentrons OT-2 to generate the samples.

• Each loop takes ~6 hours (with manual steps required).

• We measure a target endpoint with a plate reader.
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- We reach a “good” minimum value within 5 loops

- 7 different and novel combinations discovered above our threshold



A real example:
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These samples are diverse

3 5 5 5 4
5 0 1 4 2
5 5 3 5 5
5 4 3 5 4
5 4 5 1 2
3 4 5 1 5
4 2 2 3 1

Surfactants

Samples



Next Stages:
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• “Close the loop”

• Industry standard QC/Assessment

• Explore efficiency of different algorithms

• Automatic reporting/collating of formulation contents

• Optimisation of multiple endpoints
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