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The objective of this study was to develop a novel ticagrelor-loaded self-nanoemulsifying drug deliv-
ery system with an enhanced solubility and dissolution rate. Numerous oils and surfactants were
screened, then medium chain triglyceride (MCT) oil and the surfactants polyoxyethylene sorbitan mon-
ooleate (Tween 80) and Labrafil M1944CS were selected for the preparation of the ticagrelor-loaded
self-nanoemulsifying drug delivery system. A pseudo-ternary phase diagram was constructed to detect
the nanoemulsion region. Of the various formulations tested, the liquid SNEDDS, composed of MCT
(oil), Tween 80 (surfactant), and Labrafil M1944CS (cosurfactant) at a weight ratio of 20/70/10 pro-
duced the smallest emulsion droplet size (around 20.56+0.70 nm). Then, particle size, polydispersity,
and zeta potential were measured using drugs containing liquid SNEDDS. The selected ticagrelor-
loaded liquid SNEDDS was spray-dried to convert it into a ticagrelor-loaded solid SNEDDS with a
suitable inert carrier, such as silicon dioxide, calcium silicate, or magnesium aluminometasilicate. The
solid SNEDDS was characterized by scanning electron microscopy, transmission electron microscopy,
and in vitro dissolution studies. SEM, PXRD, and DSC results suggested that amorphous ticagrelor
was present in the solid SNEDDS. Also, the solid SNEDDS significantly increased the dissolution rate
of ticagrelor. In particular, the emulsion particle size and the polydispersity index of the solid
SNEDDS using silicon dioxide (S51) as a carrier was the smallest among the evaluated solid SNEDDS,
and the flowability and compressibility result of the S51 was the most suitable for the manufacturing
of solid dosage forms. Therefore, solid SNEDDS using silicon dioxide (SS1) could be a potential
nano-sized drug delivery system for the poorly water-soluble drug ticagrelor.
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Fig. 1. Screening of carrier for enhancing ticagrelor solubility: (A) oil screening; (B) surfactant screening. Each value represents

the mean £ S.D. (n=3).
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Table 1. Physical properties of liquid SNEDDS

Formulation Z-average diameter (nm) PDI Zeta potential (mV)
Liquid SNEDDS (without drug) 20.56+0.70 0.07+0.01 -12.67+0.89
Liquid SNEDDS (with drug) 19.46+0.82 0.06+0.03 -13.06+0.42
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Table 2. Composition of ticagrelor-loaded solid SNEDDSs

Formulation SS1 Ss2 SS3
Liquid SNEDDS 3g 3g 3g
(Ticagrelor) (100 mg) (100 mg) (100 mg)
Silicon dioxide 3g - - D5 ¢ " § .
Calcium silicate - 3¢g - b | T L) e et L) S
Magnesium - - 3¢g S E——
aluminometasilicate Fig. 5. Scanning electron microscope images: (A) ticagrelor

(EtOH) (200 g) (200 g) (200 g) (x1,000); (B) SS1 (x500); (C) SS2 (x500); (D) SS3 (x500).
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Fig. 6. Powder X-ray diffraction patterns: (A) Solid SNEDDS using silicon dioxide (SS1), (B) Solid SNEDDS using calcium silicate
(552), (C) Solid SNEDDS using magnesium aluminium silicate (SS3).
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Fig. 7. Differential scanning calorimetry thermograms: (A) Tica-
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Fig. 8. Transmission electron microscopy image of ticagrelor-
loaded solid SNEDDS.
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Table 3. Physical properties of solid SNEDDSs
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Formulation Z-average diameter (nm) PDI Zeta potential (mV)
Solid SNEDDS1 (SS1) 21.14£0.77 0.19+0.02 -2241+1.23
Solid SNEDDS2 (SS2) 38.66+2.93 0.32+0.09 -13.83£0.91
Solid SNEDDS3 (SS3) 34.38+1.75 0.30+0.04 -19.72+2.39

Table 4. Flow properties of solid SNEDDSs

Hausner ratio Carr’s index (%)

Formulation Angle of repose (©)
Solid SNEDDS1 (SS1) 18.3+15
Solid SNEDDS2 (SS2) 223405
Solid SNEDDS3 (SS3) 323425

1.247+0.001 19.81£0.07
1.328+0.007 24.73£0.39
1.426+0.001 29.90+0.05
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