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Introduction

Aim: How do formulations variables affect encapsulation and size?

Independent variables

Levels

Low

(-1)

High 

(+1)

Central

point

A: Ratio PC:EA (%) 10 20 15

B: Sonication time (min) 5 30 17,5

C: Ratio extract:lipids (%) 10 50 30

Dependent variables Goal

Mean size (nm) Minimize

CBD encapsulated (µg/mL) Maximize

Table 1: Independent and Dependent Variables of the 2³ Factorial Experimental Design
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Figure 2: Three-Dimensional Illustration of the Independent Variables (A and C) on the Mean Size and 
CBD encapsulated for the Formulations with polysorbate 20 (I and II) and polysorbate 80 (III and IV)
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Ultraflexible liposomes

as nanocarriers
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in the lipid bilayer

Why does this matter?

Natural extracts are increasingly used as therapeutics

Their complexity challenges conventional nanocarrier design

QbD provides a predictive framework for reproducible manufacturing
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Increasing surfactant concentration reduced particle size and enhanced

CBD encapsulation

Extract concentration positively affected both vesicle size and

encapsulated CBD

Polysorbate 80 generated smaller vesicles than polysorbate 20 across

the design space
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Figure 1: Pareto chart showing the effects of phosphatidylcholine-to-surfactant ratio (A), sonication

time (B), extract-to-lipid ratio (C), and their interactions on encapsulated CBD and mean vesicle size

for formulations containing polysorbate 20 (I and II) and polysorbate 80 (III and IV). Bars exceeding

the significance limits indicate statistically significant effects.
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