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Supplementary Material

Nanoemulsion Formulation

To test pharmacokinetic parameters for various cannabinoids, the self-emulsifying drug delivery 

system (SEDDS) was selected due to its facile preparation and as it has shown an enhanced 

absorption profile for CBD.1 However, prior to administration the oil phase was mixed with water 

forming nanoemulsion to decrease viscosity and facilitate application to rats. Hence, the 

formulation is in the paper referred to as nanoemulsion.

In general, the nanoemulsion was prepared as follows. First, the oil phase containing Propylene 

glycol monocaprylate (PGMC), surfactant Kolliphor EL (CR-EL), co-surfactant and cannabinoid 

was prepared and thoroughly homogenized. As co-surfactants, we tested three compounds: 

Diethylene glycol monoethyl ether (TRSC) or Ethyl alcohol (ETOH) or Propylene glycol (PRGL). 

Next, four parts of water with respect to one part of oil (by weight) were added dropwise to the oil 

mixture at mild stirring. The stability of prepared nanoemulsions (initially without cannabinoids) 

was evaluated using dynamic light scattering (LS Instruments, Switzerland). Microemulsions and 

unstable samples, characterized by very high turbidity or phase separation, respectively, were not 

further analyzed. Optimization results are shown in the form of ternary diagrams for three tested 

co-surfactants (TRSC, ETOH, PRGL) in Fig. S1.

Optimization Results

According to the manufacturer, CBD is most soluble in PGMC among other products.2 High 

solubility was also expected for other cannabinoids, thus PGMC was chosen as a suitable oil-phase 

base for nanoemulsion formulation in this study. Next, CR-EL was selected as a surfactant capable 

of forming nanoemulsions with PGMC in a wide range of concentrations (based on previous non-

published experiments). To optimize the composition, stability and the size dependence of various 

emulsion mixtures were investigated for systems containing the aforementioned components and 

selected co-surfactants – TRSC, ETOH and PRGL (without cannabinoids). According to the 

optimization study, TRSC showed the best performance in the formation of stable nanoemulsions 

with desirable sizes (Fig. S1). Furthermore, TRSC is a proven skin permeation enhancer and 

solubilizer. Moreover, as shown by Franceschinis et al., TRSC acted as an excellent absorption 



enhancer for 4,6,4′trimethylangelicin during oral administration.3, 4 Hence, TRSC was chosen as a 

co-surfactant and solubilizer for the final formulation tested in the pharmacokinetic study.

The final composition of nanoemulsion was chosen based on the compromise between the 

cannabinoids' loading capacity and the used surfactant amount. The final formulation contained 

50wt.% of CR-EL, 30wt.% of TRSC and 20wt.% of PGMC. Long-term stability for the optimized 

formulation was tested for two cannabinoid concentrations – 15 mg/ml and 30 mg/ml. Results are 

shown in Tab. S1. The size was below 30 nm even after 30 days for all cannabinoids at 15mg/ml 

concentration. A variable size decrease was observed for higher concentration, however, the size 

is comparable after 30 days except for CBG, for which the formed nanoemulsion was not stable. 

Although all formulations were stable over time and to avoid any colloid instability and 

cannabinoid decomposition, the water phase was added to the oil phase directly before application 

in pharmacokinetic study.



Fig. S1. Ternary diagrams of nanoemulsion for tested co-surfactants

Tab S1. Colloidal stability of the final formulation for tested cannabinoids

15 mg/ml 30 mg/mlDLS, 90°
[nm] 1 day 30 days 1 day 30 days

CBD 26 26 200 222

CBG 31 32 - -

CBC 25 25 40 34

CBN 27 27 67 68
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