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Methods 
HPLC instrumentation and conditions 

Chromatographic separation was performed using an Agilent™ 1200 system (Ag-
ilent Technologies, Waldbronn, Germany), equipped with a degasser, binary pump, au-
tosampler, multiple wavelength detector (at 476 nm UV detection), and Chemstation Rev 
B.04.03-SP1 software. A Jupiter C18 5 µm column, (150 mm × 4.6 mm) protected by a Se-
curity Guard Cartridge (C18, 4 × 3 mm) both from Phenomenex (Lane Cove, NSW, Aus-
tralia), was used with isocratic flow of mobile phase (methanol: water: dichloromethane 
(DCM) = 85:13:2) at a flow rate of 1 mL/min (chromatography adapted from Yuan et al. 
[1]. The autosampler temperature was under a controlled temperature of 10 °C with an 
illuminator setting.  

HPLC analysis method development 
The HPLC method was developed for analysis of ASX in pharmaceutical formula-

tions and extraction of ASX from skin tissues. 
Linearity—Two series of ASX concentrations. System X (0.75–15 µg/mL) represented 

samples for determination of the solubility and stability of ASX, and the higher concen-
tration tissue extract samples from skin permeation experiments with SNEDDS formula-
tions. System Y (0.105–1.05 µg/mL) was for analysis of tissue sample extracts from com-
mercial topical product administration in skin experiments.  

Precision—ASX solutions at four concentrations (15, 3.75, 0.75 and 0.105 µg/mL) were 
analyzed in six replicates for each concentration. This provided concentrations from the 
two calibration curves used across the experimental samples. The acceptable relative 
standard deviation (RSD) < 5% [2]. 

Sensitivity—The blank solvent, a mixture of 15 mL of acetone and dichloromethane 
(50:50) and 10 mL mobile phase, was injected 6 times. The limit of detection (LOD) and 
LOQ (limit of quantification) were determined as three times and ten times the baseline 
noise level in the assay, respectively.  

Accuracy—A mass balance study of ASX extracts from skin tissue samples that had 
been exposed to a SNEDDS formulation was carried out to assess the accuracy of the as-
say. The solvent extraction system was 50:50 ACT: DCM. The extraction procedure devel-
oped for the study involved soaking a pre-weighed section of skin tissue in 5 mL of an 
aqueous solution containing the SNEDDS-L1 formulation at a concentration of 0.0758 mg 
ASX/mL (equivalent to the theoretical concentration that would be present in an IVPT 
experiment) at 35 °C for 4h, then removing it, blotting dry and sectioning. The ASX was 
extracted from the skin sections (as per extraction protocol described in Section 2.6) and 
quantified by HPLC assay.  

Results 
HPLC assay method development 

The HPLC method provided a single ASX peak for stock solution and good separa-
tion from any skin sample related peaks. ASX retention time was 8.3 ± 0.1 minutes with a 
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total analysis time of 13 minutes (Figure 1S). Two calibration curves were generated to 
allow for the larger volume injections in the lower concentration range calibration curve. 

 
(A) 

 
(B) 

 
(C) 

 
(D) 

Figure S1. HPLC chromatograms (peak area versus time) of: (A) 0.75 µg/mL ASX solution as pre-
pared for the calibration curve; (B) SNEDDS-L1 formulation matrix without ASX; (C) SNEDDS-L1 
formulation matrix with ASX incorporated; (D) Skin extract following administration of SNEDDS 
L1-NE in IVPT experiment. 
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Linearity  
The assay showed good linearity (regression coefficient of 0.99) for both concentra-

tion series.  

Assay precision 
The coefficient of variation precision parameters calculated from the relative stand-

ard deviation (n = 6) were 1.57% for 15 µg/mL, 4.18% for 0.105 µg/mL, 1.09% for 0.75 
µg/mL, and 1.00% for 3.75 µg/mL.  The acceptability criterion of precision repeatability 
has been fulfilled with R.S.D. < 5% in the high, medium, and low concentrations. 

Sensitivity 
The minimum LOD and LOQ for determination of ASX, calculated by injecting sam-

ples and blank solution six times were 41.7 ng/mL and 72.2 ng/mL respectively. 

Accuracy 
Figure S1 shows representative chromatograms for ASX analysis and control samples 

from the formulation development and IVPT experiments. This includes samples of the 
SNEDDS-L1 formulation without and with incorporation of ASX (B and C respectively), 
showing that there was no peak in the ASX region for the formulation matrix. The extrac-
tion fluid from skin that had been processed as per IVPT skin samples did not provide a 
peak in the ASX region (chromatogram not shown). The accuracy of the assay was deter-
mined from the recovery of ASX in the extraction from the skin permeation samples fol-
lowing administration of one SNEDDS formulation type. The amount of ASX recovered 
from the donor including washings, SC and skin extractions and receptor fluid samples 
was subtracted from the initial donor ASX applied gave a mass balance recovery of 88.87 
± 0.48% ASX compared to the amount of ASX applied. 
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