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Objectives: The aim of this study was to build robust in-silico machine-learning models to predict 

brain concentration parameters of small molecule drugs. Kp (brain:blood concentration ratio) and 

Kpuu (unbound brain:blood concentration ratio) are fundamental pharmacokinetic parameters 

used to evaluate CNS druggability and were selected as the targets for our models.  

Methods: The Python computer programming language was used in conjunction with the RDKit 

cheminformatics platform to construct and tune six different predictive algorithms (linear, random 

forest, support vector, gradient boosting regressor, gaussian process and boosted decision tree). 

RDKit generated a molecular fingerprint (2048 bit binary code) for each molecule, which was used 

as input information for the creation of each model. Given a molecule’s structure, each model is set 

to predict Kp and Kpuu. The coefficient of determination (R2) was used to evaluate each model on 

new data, to assess its predictive power. The influx/efflux ratios of four blood-brain-barrier 

transporters (OCT1, OCT2, BCRP, Pgp) were similarly modelled and integrated into the Kp and Kpuu 

models to further improve their predictive accuracy on new data.  

Results: The Bayesian gaussian process and the gradient boosting regressor were identified to be 

the most accurate models to predict both Kp and Kpuu, with R2 scores of >0.90 in both test sets. 

The inclusion of blood-brain-barrier transporter information resulted in a slight (0.02-0.05) increase 

in R2 on test sets of both Kp and Kpuu models.  

Conclusions: Predictive Kp and Kpuu models have been created to support drug design teams 

assess and evaluate brain penetration capacity of small molecule drugs for research purposes. To 

increase practical usability of this work, all predictive algorithms have been integrated into a freely 

accessible installable program, available on the internet for use on any computer.  


