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Simultaneous Delivery of Econazole, Terbinafine and

Amorolfine with Improved Cutaneous Bioavailability:

A Novel Micelle-Based Antifungal “Tri-Therapy”.
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Validation of HPLC-UV method

Specificity

Figure S1 presents the chromatograms obtained for blank solvent, a mixture of standard solution
containing econazole (ECZ, 50 ug/mL), terbinafine (TBF, 50 pg/mL) and amorolfine (AMF, 50 pg/mL).
The method was specific for (i) ECZ (RT=2.54 min), (ii) TBF (RT=4.18 min) and (iii) AMF (RT=6.54 min);

quantified using detection wavelengths of 214 nm, 224 nm and 219 nm, respectively.
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Figure S1. Chromatograms of (a) blank solvent, (b) a mixture of (i) ECZ (50 pug/mL), (ii) TBF (50 pg/mL)
and (iii) AMF (50 pg/mL) standard.
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Limit of detection and limit of quantification

The limit of detection (LOD) and limit of quantification (LOQ) were determined using the linear
regression method and found to be 1.0 and 5.0 ug/mL for econazole, 1.0 and 5.0 pg/mL for terbinafine
and1.0 and 5.0 pg/mL for amorolfine, respectively.

Linearity

Good linearity was observed in a concentration range of 10-100 pg/mL for econazole, terbinafine and
amorolfine with R2 values of of 0.9995, 0.9987, and 0.999, respectively.

Precision and accuracy

Intra- and inter-day accuracy and precision were determined using 10, 50 and 100 pg/mL standards

(Table S1).

Table S1. Intra- and inter-day accuracy and precision for simutaneous quantification of ECZ, TBF and

AMF in solvent (values are given as mean + SD).

Intra-day Inter-day 1 Inter-day 2
[ECZ]theo [ECZ]Meas RSD  Recovery [ECZ]Meas RSD  Recovery [ECZ]Meas RSD  Recovery
(ug/mL) (wg/ml) (%) () (ug/ml) (6 (%) (wgml) (%) (%)
10 9.87 +0.19 2.23 98.68 8.97 +5.15 2.66 89.69 9.81+0.22 2.66 98.10
50 49.12 +0.67 141 100.27 4627 +414  9.58 100.76 49.69+030  0.62 99.38
100 100.4 +1.65 1.67 98.23 101.6 +7.45 7.55 92.53 1002+0.92 094 100.16
[TBFltheo [TBF]Meas RSD  Recovery [TBF]Meas RSD  Recovery [TBF]Meas RSD  Recovery
(ug/mL) (ug/ml) (%) (%) (ug/ml) (%) (%) (ugml) (%) (%)
10 1147 +123 1441 114.71 10.43+0.97 13.01 104.30 8.55+0.24 2.13 85.50
50 47.62+1.69  3.79 97.40 47.82+223 498 95.63 5271+198  3.57 105.43
100 101.1 +6.66 6.79 95.23 100.8 + 6.45 6.59 100.87 98.80+8.52  8.39 98.80
[AMFItheo [AMF]Meas RSD  Recovery [AMF]Meas RSD  Recovery [AMF]Meas RSD  Recovery
(ug/mL) (ug/ml) (%) (%) Wgml) (%) (%) (Wgml) (%) (%)
10 10.60 = 0.55 7.14 106.02 10.33+046  6.56 103.28 9.86+0.12 2.09 98.63
50 47.46 +0.66 1.48 94.93 49.18+3.60  7.87 98.35 50.19+0.30  1.60 100.82

100 101.3+1.01 1.03 101.25 100.4 + 4.43 4.57 100.35 1022+1.60  1.86 102.23
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Validation of UHPLC-MS/MS method
Specificity

Figure S2 presents the chromatogram obtained for blank solvent, blank skin matrix and a mixture of
standard solution containing ECZ (5 ng/mL), TBF (5 ng/mL) and AMF (5 ng/mL). No ECZ, TBF or AMF
was found in the skin sample. The method was considered as specific for ECZ (381.07 —125.01
transition), TBF (292.27—115.04 transition) and AMF (318.35—105.02 transition) quantification in skin
samples. The three compounds were eluted at (i) TBF (RT=1. 64 min), (ii) ECZ (RT=1.88 min), (iii)) AMF

(RT=2.16 min) and the peaks were clearly separated from the solvent front and skin matrix.

400000
—Blank solvent

---Skin matrix

350000
—5 ng/mL

300000

250000

Signal

200000

150000

100000

-

0 0.5 1 1.5

2.5 3 3.5 4

Time (min)

Figure S2. MRM monitoring for (i) TBF (292.27—115.04 transition), (ii) ECZ (381.07—125.01 transition),
and (iii) AMF (318.35—105.02 transition) in skin sample. Chromatograms of blank solvent, skin matrix
and a mixture of ECZ (5 ng/mL), TBF (5 ng/mL) and AMF (5 ng/mL) standard.

Limit of detection and limit of quantification

The limit of detection (LOD) and limit of quantification (LOQ) were determined using the linear
regression method and found to be 1.0 and 2.0 ng/mL for ECZ, 1.0 and 2.0 ng/mL for TBF and 1.0 and
2.0 ng/mL for AMF, respectively.

Linearity

The method was found to be linear in the concentration range of 2.0 ~ 100 ng/mL with a R? of 1 for ECZ,
TBF and AMF. The detection was performed using UHPLC-MS/MS and the mass spectrometer settings
are provided in Table S2.
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Table S2. MS/MS settings for detection of ECZ, TBF or AMF.

Parameters ECZ TBF AMF
Nature of the parent ion [M+H] + [M+H] + [M+H] +
Parent ion (m/z) 381.07 292.27 318.35
Daughter ion (m/z) 125.01 115.04 105.02
Collision Energy (V) 26 50 38
Cone voltage (V) 38 28 10
Capillary voltage (kV) 1.5 1.5 1.5
Desolvation temperature (°C) 350 350 350
Desolvation gas flow (L/h) 650 650 650
Collision gas flow (L/h) 0.15 0.15 0.15
LM resolution 1 3 3 3
HM resolution 1 15 15 15
Ion energy 1 (V) 0.4 0.4 0.4
LM resolution 2 2.93 2.93 2.93
HM resolution 2 15.13 15.13 15.13
Ion energy 2 (V) 0.8 0.8 0.8

Precision and accuracy

Intra- and inter-day accuracy and precision were determined using 5, 10 and 50 ng/mL standards (Table

S3).

Table S3. Intra- and inter-day accuracy and precision for simutaneous quantification of ECZ, TBF and

AMF in skin samples (values are given as mean + SD).

Intra-day Inter-day 1 Inter-day 2
[ECZ]theo [ECZ]Meas RSD  Recovery [ECZ]Meas RSD  Recovery [ECZ]Meas RSD  Recovery
(pg/mL) (ng/ml) (%) (%) (wgml) (%) (%) (ug/ml) (%) (%)
5 5.05+0.26 519 100.94 443 +0.26 4.90 88.70 473+0.14 2.59 96.46
10 10.11+£0.37  3.70 101.14 9.81+0.49 4.66 98.12 10.08+037 347 103.39
50 49.66+1.05 212 99.32 51.41+0.55 1.05 102.83 50.30+098  1.93 101.99
[TBFlrheo [TBF]Meas RSD  Recovery [TBF]Meas RSD  Recovery [TBF]Meas RSD  Recovery
(ng/mL) (ng/ml) (%) (%) (Wg/ml) (%) (%) (Wg/ml) (%) (%)
5 490+0.19 4.09 98.07 421+0.38 6.94 84.17 4.38+0.13 2.38 85.64
10 10.03+0.36  3.61 100.31 9.68 +0.44 4.04 96.78 9.78 +0.28 2,51 95.90
50 50.42+1.08 2.13 100.84 52.08+0.12 023 104.17 51.37+192  3.64 100.03
[AMFItheo [AMEF]Meas RSD  Recovery [AMF]Meas RSD  Recovery [AMF]Mmeas RSD  Recovery
(ug/mL) (wg/ml) (%) () (wg/ml) (6 (%) (wg/ml) (%) (%)
5 5.10+0.16 3.12 101.92 4.56 £ 0.56 10.97 91.12 4.80+0.16 3.14 98.26
10 10.08 +0.16 1.61 100.76 9.72 +1.00 9.74 97.21 9.94+0.35 3.36 101.88
50 49.68 +0.82 1.64 99.36 51.35+3.46  6.66 102.69 50.74+171  3.35 103.91
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Validation of antifungal solubility in the receiver compartment

The solubility of ECZ, TBF and AMF in PBS and PBS containing 0.1%, 0.5 % and 1.0 % Tween 80 was
determined by the validated UHPLC-MS/MS method, results are shown in Table S4.

Table S4. Antifungal solubility test.

Solubility (mg/mL)
Medium
ECZ TBF AMF
PBS (0.1% Tween 80) 1.94 0.86 3.87
PBS (0.5% Tween 80) 3.65 2.91 6.97
PBS (1.0% Tween 80) 4.37 3.88 9.65

Validation of antifungal extraction from skin

Full thickness porcine skin samples (n=3; area of 0.5 cm?) were spiked with a known amount of ECZ,
TBF and AMF (0.47, 0.43, 0.48 pg/cm?, respectively) in solution. After 2 h, skin samples were cut into
small pieces and soaked in 5 mL extraction medium — ACN: Water (50:50), ACN: Water (70:30) or ACN:
Water (90:10), under constant stirring at room temperature for 4 h. Skin extracts were centrifuged at
1000 rpm for 20 min, then supernatants were filtered through 0.22 pum nylon membrane and were

analysed using UHPLC-MS/MS. The amount of each compound recovered are presented in Table S5.

Table S5. Recovery of ECZ, TBF and AMF from skin extraction (values are given as mean * SD).

Applied amount Recovered amount  Recovery

Extraction medium Compound
(ug/cm2) (ng/cm2) (%)
ECZ 047 0.43 +£0.01 91.00 +1.87
ACN:Water (50:50) TBF 043 0.29+0.05 66.90 +10.87
AMF 0.48 0.33 £0.04 68.66 + 8.42
ECZ 0.47 0.43 +0.03 90.53 £5.42
ACN:Water (70:30) TBF 0.43 0.37 +0.04 84.46 +9.48
AMF 0.48 0.39 +0.04 80.86 + 8.64
ECZ 0.47 0.46 + 0.02 97.43 +£3.41
ACN:Water (90:10) TBF 0.43 0.42 +0.02 96.64 + 3.52
AMF 0.48 0.44+0.01 91.40+£2.18

The results indicated that the extraction medium composed of ACN:Water at a ratio 90:10 produced the
best recovery profile with more than 90 % of ECZ, TBF and AMF being recovered during the extraction
procedure. The extraction method was therefore considered as suitable for the extraction of the

antifungal drugs in the in vitro skin permeation experiment.
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In vitro antifungal activity against pathogenic isolates.

Table S6. In vitro antifungal activity of ECZ, TBF and AMF against dermatophyte, moulds and yeasts.

ECZ TBF AMF
(ug/mL)  (ug/ml)/(mg/ml)  (mg/mL)
T. rubrum wt 1.31 0.02 0.08
T. rubrum 0.031-0.5 0.008-0.125 <0.001-0.13
‘; T.mentagrophytes 0.01 0.007-0.5 0.001-0.13
F§" T. interdigitale 0.031-0.5 0.008-0.25
-g E. floccosum 0.25 0.01-1 0.003-6.2
5 T. tonsurans 0.031-0.5 0.031-0.125
M. canis 0.031 0.125 0.001-0.13
M. gypseum 0.007-0.06 0.01-0.13
C. albicans 100 0.001->100
C. glabrata
100 0.06->100
(T. glabrata)
C. guilliermondii 0.1-2
"% C. krusei 100 0.05-10
§ C. parapsilosis 10 0.02-100
C. tropicalis 100 0.001->100
Cryptococcus neoformans 10 <0.001-8
Pityrosporum spp.
0.005-0.5
(Malassezia spp.)
Aspergillus fumigatus 0.06-16 16->128
A. flavus 0.03-4 30->128
A. niger 10 0.06-2 3->100
!: A. nidulans 0.12-2 3->100
§ Acremonium spp. 0.06-8 0.25-2
Fusarium spp. 0.5-16 0.3-100
Scopulariopsis brevicaulis 1000 1-16 0.03-5
Scytalidium spp. 0.1-1

MICso (concentration of antifungal producing a growth inhibition of 80 % or more, nmol/mL)

against T. rubrum wt data were obtained from [1-5].
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