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Quality by design is well known in many industrial sectors but the pharmaceutical industry is late in 
adopting these paradigms [1]. Among various mathematical modeling approaches, Design of 
Experiments (DoE) is extensively whitin the QbD framework. Knowledge is achieved by establishing 
models correlating the inputs with the outputs of the process. In addition, computational tools in the 
design of formulations could help identify and correct challenges during the early-stage of 
formulation design by providing mechanistic insight into the interactions between excipients and 
drugs [2]. Indeed, the utilization of computational modeling in nanoformulation development is still 
in its nascent stages.  
In our studies, we employed the two different approaches to develop two different formulations 
based on the same core liposomal system loaded with cannabidiol (CBD), which is a non-
psychoactive phytocannabinoid with known anti-inflammatory and neuroprotective properties. One 
formulation was developed for ocular administration, whereas the other was designed for intranasal 
delivery.In the first study, the nanovesicles were coated with chitosan and loaded with CBD. The 
DoE was carried out to deveop and optimize chitosan-coated vesicles incorporated into a 
thermosensitive gel as a compelling platform for thetreatment of ocular disorders. The lead 
formulation was optimized using as Critical Process Parameters chitosan concentration 
(%w/v),poloxamer 407 concentration (%w/v), coating time (min) and sonication time (min). Critical 
Quality Attributes were size (nm), polidispersity Index, ζ-potential (mV) and gelling time (s). The 
study led to a rational design of a hybrid nanovesicle–thermosensitive gel system with good handling 
properties, sustained CBD release governed by a combined diffusion-erosion mechanism, shear-
thinning behavior supporting ocular comfort and residence time, good tolerability in primary human 
corneal keratocytes and intra-ocular pressure reduction in normotensive rabbits and in transient 
hypertensive model. 
In the second study, vesicles with Tween 20 (T20), used as an edge activator, were investigated 
using the coarse-grained (CG) resolution compatible with the Martini 3 forcefield. A newly developed 
T20-CG-model was employed to study the T20 self-assembly behavior. This model builds the 
foundation for an multiscale in silico–in vitro–ex vivo approach to elucidate the effects of T20 and 
CBD on vesicle structure, membrane properties, drug release, and permeation, supporting the 
rational design of carrier. Thus, this approach is likely to expedite both the drug development and 
regulatory processes.  
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