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Abstract:  

Digital Technologies for Topical Formulation Design 

 

For the development of topical pharmaceutical products, the formulation design ensuring 

spatiotemporal delivery of active pharmaceutical ingredients (APIs) and optimized rheological 

properties as well as the discovery of APIs are required. However, topical formulation has 

generally a vast design space; thus, optimizing the formulation requires extensive trial and 

error, which is laborious and expensive in the pharmaceutical industry. 

 



 We use two representative digital technologies—informatics and molecular simulations—to 

streamline topical formulation developments. As for informatics, machine learning can 

practically generate predictions with high accuracy and low computational cost. Therefore, we 

use them to develop prediction models, based on the original databases, of skin permeability, 

solubility, and API stability in chemical diverse solvent mixtures for high-throughput screening 

of solvents and ingredients in preformulation studies. 

 

However, molecular simulations (such as molecular dynamics simulations), which are based on 

physics, can predict molecular interactions and physicochemical/thermodynamic properties of 

pharmaceutical formulations without the use of comprehensive databases, unlike informatics 

modelling; this is a distinct advantage when evaluating candidate topical formulations because 

it is tedious and costly to construct database of experimental values regarding the target 

properties of diverse formulations. We have established methods for evaluating the diffusion 

properites of APIs, viscosity of formulations and micelle characteristics using high-performance 

computers and “Fugaku,” a Japanese flagship supercomputer, and incorporated these methods 

for developing topical formulations. 

 

 Informatics models and molecular simulations can predict target pharmaceutical properties 

using only computational processes. Thus, they can be used to evaluate even virtually generated 

formulations and be practically employed for screening and designing tools for developing 

pharmaceutical formulations. In the presentation, I will introduce the details of the constructed 

informatics/molecular dynamics models and their applications in topical formulation design. 

 


