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We have developed drug loaded nanoparticle formulations for the improvement of drug permeation across the skin.
Recently, we have investigated drug permeation mechanism across the skin by synchrotron X-ray diffraction. In this study,
phospholipid nanoparticles (PNs) containing vitamin C, 3-O-cetyl ascorbic acid (VCCE) were examined. Tocopherol acetate
(TA) and sodium cholate (SC) were also loaded in PN formulations as model drug and charge inducer at a molar ratio of
20/80/5/6 (VCCE/Soya PC/SC/TA). Glycerol (GL) or diglycerol (DG) were also added to improve the skin accumulation of
TA. Three TA loaded PNs (TA-PNs) were evaluated using a dynamic light scattering, Nuclear Magnetic Resonance (NMR),
Transmission Electron Microscope (TEM), skin accumulation test for TA, and small-angle X-ray diffraction (SAXD) analysis.
TA-PN formulations (150 nm) were stable for two weeks and they encapsulated 1.8 mg/mL of TA. TEM and SAXD analysis
revealed that the nanoparticles formed a spherical multilayer structure. 'H-NMR spectra indicated that GL and DG enhanced
the proton mobility of choline groups of soya PC molecules located on the membrane surface of TA-PNs. TA accumulation
in the dermis was increased by adding GL and DG. SAXD analysis revealed that GL and DG promoted the formation of new
lamellar structures on the stratum corneum, which contributed to improving the skin accumulation of TA.
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Table 1 Particle characterization of TA-PNs formulation (n=3)
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Formulation S Col?g/)gil/tslgg_ A Concentration (nm) PDI p 0te{1/t1a1 efficiency
name (Soya ) (mg/mL) + 3D (mV) )
d.nm + SD £SD of TA
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TA-PNs 80/20/5/5 1.8 1316 +1.3 + j-:O(.)O;IS 49_5&91
0.005 ‘ -
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TA-PNs 0.027 ' -
DG- 0.096
containing 80/20/5/5 1.8 105.1 £ 0.7 xsx + ioi)lélg _|9_4§05
TA-PNs 0.017 ' -

Values represent the mean = SD (n = 3),
*p < 0.05 versus TA-PNs, **p < 0.05 versus DG-containing TA-PNs, ***p < 0.05 versus GL-
containing TA-PNs
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Fig. 3 TEM images for (a) TA-PNs, (b) GL containing TA-PNs, (c) DG containing TA-PNs.
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Fig. 5 'H NMR spectra of methyl region in (a) Soya PC
CD3;0D solution, (b) TA-PNs, (c) GL containing TA-PNs
and (d) DG containing TA-PNs.
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Fig. 8 SAXD profile by hairless mouse stratum corneum (a) and change in the SAX profiles after application of (b) TA-
PNs, (c) GL containing TA-PNs and (d) DG containing TA-PNs for the strongly hydrated hairless mouse stratum
corneum. Black and red line showed stratum corneum and each formulation, respectively. The change from dark blue to
green indicate that of the SAX profile from O to 123 min.

Red allow in Fig. 8 (b), (c) and (d) shows the structure due to the new lamellar phase.
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Fig. 9 Change in the (a) integrated intensity, and (b) full width half maximum for the peak at S=0.10
nm™' in the SAX profiles after GL containing TA-PNs (@) and DG containing TA-PNs (@) application.
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Fig. 10 Wide angle X-ray Diffration(WAXD) profile by hairless mouse stratum corneum (a) and
change in the WAX profiles after application of (b) TA-PNs, (c) GL containing TA-PNs and (d) DG
containing TA-PNs for the strongly hydrated hairless mouse stratum corneum. The change from
dark blue to green indicate that of the SAX profile from O to 123 min.
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Fig. 11 Change in the SAXD profiles after application of (a) TA-PNs, (b) GL containing TA-PNs and (c) DG
containing TA-PNs for the weakly hydrated hairless mouse stratum corneum . Black and red line showed stratum
corneum and each formulation, respectively. The change from dark blue to green indicate that of the SAX profile
from O to 123 min.
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Fig. 12 Change in the SAXD profiles by (a) TA-PNs, (b) GL containing TA-PNs and (c) DG containing TA-PNs for
the strongly hydrated hairless mouse stratum corneum. Black and red line showed stratum corneum and each
formulation, respectively. The change from dark blue to green indicate that of the SAX profile from O to 123 min.
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Fig. 13 Speculated mechanism for the effect of polyol in the TA-PNs formulation
on the lamination forming (a) TA-PNs, (b) GL containing TA-PNs, (c) DG

containing TA-PNs.
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