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(A) Response surface plot illustrating the effect of total lipid and surfactant concentrations on particle size. (B) Overlay plot defining the
Design Space that meets predefined particle size and PDI criteria. The highlighted region represents formulation conditions in which
variations in component concentrations do not compromise the critical quality attributes. The table summarizes the physicochemical

properties of the optimized CBD-loaded NLC (values are presented as mean + SD).

PDI
0.161 £ 0.005

EE (%)
97.3%

Zeta Potential
-11.2+£3.5mV

Size
113.1 £ 1.06 nm
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Graphs showing the stability analysis results of the cannabidiol-loaded NLCs.

Stability studies demonstrated that CBD-loaded NLCs remained
physically stable over three months, with no phase separation or

precipitation observed.

Conclusion

Optimized CBD-loaded NLCs showed particle sizes around 113 nm,
low PDI, high encapsulation efficiency (97.3%), and physical stability
for at least three months. CBD encapsulation significantly reduced
cytotoxicity compared with free CBD and provided sustained drug
release, supporting the potential of NLCs as an oral delivery

platform for cannabidiol.

Thermal and structural analyses demonstrated reduced
supporting enhanced

encapsulation capacity and system stabillity.
AFM analysis revealed spherical nanoparticles with a
smooth and homogeneous surface, consistent with DLS

crystallinity of

the solid lipid,
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AFM images of the CBD-NLC formulation: (A) 2D

~

J

measurements surface topography and (B) 3D particle distribution.
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(Cell viability (MTT assay) of NIH-3T3 cells treated for 24 h with samples containing cannabidiol: free CBD or CBD encapsulated in

optimized nanoparticles (CBD-NLC) (A), and control samples: DMI, NLC-control, and PGMC (B). Results are expressed as mean = SD

(n = 3). Statistical analysis was performed using Two-way ANOVA followed by Tukey—Kramer post hoc test. * p < 0.05; ** p < 0.01; *™* p

< 0.001; *** p < 0.0001.

100 - In vitro release profile

Cumulative CBD release (%)

CBD-NLC showed sustained release with no burst
effect and significantly lower CBD release than
s the free drug. Release followed the Korsmeyer—
Peppas model (R? = 0.995), indicating a combined
difftusion and matrix reorganization mechanism.
CBD
lipophilicity and limited solubility; however, NLCs
provided slower and more controlled release,

—e— CBD-
—e— CBD

Incomplete release

24

12 15 18 21

Time (hours)

27
confirming their potentia

IS

attributed to

| for sustained delivery.

@ casclabs CRODA

CAPES

Acknowledgments




	Slide 1

