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A QbD approach, namely BBD was employed to optimize a  The stability of the optimized nanoemulsion was evaluated
nanoemulsion to load CBD purified extract. For this purpose, through accelerated and long-term tests.
fifteen formulations were produced to test three levels of each * In the accelerated stability tests, samples were subjected
selected factor: MCT oil quantity, Span 80/Tween 80 ratio, and to mechanical (Centrifugation at 3000 rem for 30 m|n) and Droplet size 184 + 2 181 + 1 181 + 2
CBD quantity, as displayed in Table 1. thermal stress (40-80°C, 30 min at 10°C intervals). Particle (nm)
size, PDI, ZP, EE, LC and pH were measured before and PDI 0.16 £ 0.02 0.15+0.02 0.17 £ 0.01
1 0 3 after stress (Table 3). No significant differences were ZP (mV) 41+ 4 -46 £ 3 -43+ 3
MCT oil quantity 15 3 45 observed in any of the parameters, and the visual AE (%) 100 100 100
Span 80/Tween 80 ratio 05 ’ 5 appearance remain unchanged, confirming the physical LC (%) 47t 2 45t 1 43t 1
CBD extract quantity 1 175 o5 robustness of the formulation under extreme conditions. pH 88103 8.4+0.3 8.2+03
Table 4. Physicochemical properties of optimized formulation at days O,
Table 1. Factors selected for the BBD and the tested levels 15 and 30
Using the STATISTICA®, the desirability criteria for the selected
responses of the nanoemulsions were defined, aiming to minimize ¢ In the long-term stability study, the optimized Droplet size
droplet size, PDI and ZP while maximizing LC. The software nanoemulsion was stored at 25°C and 60% relative (hm) 181+ 6 1798 1816
estimated the optimal factor levels to achieve these goals, humidity an.d chara.cterized at days 15 and .30 (Table 4). PDI 016 +001 O0.17+003 016 +0.02
resulting in the following composition: 1.5% MCT, 1.75% CBD, The  physicochemical | param.eters | remalnec?l stable ZP (mV) 46 + 3 44 + 4 47 + 2
2% Span 80 and 1% Tween 80. It also predicted the theoretical througho.ut the. eVa"f?tlon period, with no evidence of AE (%) 100 100 100
values for each response. To validate the BBD, three independent degradation or instability. LC (%) 46 + 4 46 + 5 43 + 3
optimized formulations were prepared and characterized. The pH 78 +0.3 78+0.3 78 +0.3
experimental results showed good agreement with the predicted CBD-loaded NEs using choline-based IL
values (Table 2). Overall, the BBD demonstrated to be a valuable A CBD-loaded NE was prepared using a choline-based IL as a stabilizing agent, with the same composition as the optimized
and effective tool for optimizing the composition of CBD-loaded formulation but replacing conventional surfactants by the IL: 1.5% MCT, 1.75% CBD and 1% IL. The formulation displayed a
nanoemulsions droplet size of approximately 125 nm and a low PDI of 0.156. After 24 hours, the NE retained its integrity, showing only
slight variations in particle size and PDI, while maintaining a stable zeta potential of -38 mV and pH of 10.1. These findings
indicate that choline oleate IL can serve as a promising alternative to conventional surfactants, providing comparable

Droplet size (hm) 183.32 (181.67-184.97) 181.32 + 5.51 emulsifying performance. Despite IL-based systems typically yielding droplet sizes, promoting enhanced bioavailability and

PDI 0.164 (0.089-0.239) 0.159 + 0.01 improved resistance to oxidation and hydrolysis due to the protective nature of the IL matrix in contrast to Span 80/Tween 80

ZP (mV) -47.70 (-55.86-(-39.53)) -46.33 + 2.7 1 nanoemulsions that tend to form larger droplets and show reduced stability under oxidative stress, the innovation and
LC (%) 40.5 (35,5-45,5) 45.7 + 3.8 sustainability potential of NE-ILs still requires toxicological validation and regulatory clearance before large-scale

implementation. Further i re n val its long-term ility and biopharm ical ntial.
Table 2. Theoretical (95% confidence Interval) and experimental physicochemical plementatio urther studies are needed to evaluate its long-term stability and biopharmaceutical potentia

properties of optimized formulation

- The QbD strategy and BBD are effective tools for optimizing CBD nanoemulsions, with  [1] Stella B. Baratta F Della Pepa C. Arpicco S. Gastaldi D. Dosio F Cannabinoid Formulations and
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- These findings support the development of innovative and more sustainable [4] Ali, M.K. Moshikur R.M. Wakabayashi R. Tahara Y. Moniruzzaman M. Kamiya N. Goto M. Synthesis and
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