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1. Methods  

1.1 Analysis of P. spinosa extract, PS-DOPC-Leukosome, and PS-DOPG-Leukosome by HPLC-DAD-ESI-

MSn. 

P. spinosa ethanolic extract, PS-DOPC-Leukosome, and PS-DOPG-Leukosome were purified by 

solid-phase extraction (SPE). To this purpose each sample (5.0 mg) was shaken with H2O containing 

0.4% formic acid (2 mL) in a vortex mixer for about 15 min and loaded on a ISOLUTE C18 column 

pre-conditioned by sequentially passing 5 mL of MeOH with 0.4% formic acid and 5 mL of H2O with 

0.4% formic acid. After loading the sample, the column was washed with 5 mL of H2O containing 

0.4% formic acid, and the phenolic fraction was eluted with 10 mL of MeOH-H2O (7:3, v/v) with 0.4% 

formic acid. The solvents were removed under vacuum at 30 °C, and the residue was dissolved again 

in 1 mL of H2O/MeOH (9:1, v/v) with 0.4% formic acid for the HPLC-DAD-ESI-MSn analysis. 

Chromatographic analysis was performed with a Dionex Ultimate 3000 UHPLC (Thermo Scientific, 

San Jose, CA, USA) equipped with a thermostated autosampler and a column oven. The 

chromatographic separation was obtained with a column Synergi Hydro, 4 μm, 250 × 2.0 mm 

(Phenomenex, Italy), thermostated at 30 °C. Elution was carried out at a flow rate of 0.3 mL/min, 

using as a mobile phase a mixture of 0.2% formic acid in methanol (A) and 0.2% formic acid in water 

(B) with the following gradient: 0-6 min 10% A, 20 min 40% A, 40 min 40% A, 46 min 100% A, 56 min 

100% A, 58 min 10% A, and 58-65 min 10% A. The injection volume was 20 μL. The UHPLC system 

was coupled with a diode array detector and an electrospray ionization mass detector (HPLC-DAD-

ESI-MSn) in parallel by splitting the mobile phase 1:1. 

ESI mass spectra were obtained with a Finnigan LXQ linear trap mass spectrometer (Thermo 

Scientific, San Jose, CA, USA). The typical ESI source conditions were transfer line capillary at 275 

°C; ion spray voltage at 3.30 kV; sheath, auxiliary and sweep gas (N2) flow rates at 50, 10 and 0 

arbitrary units, respectively. Helium was used as the collision damping gas in the ion trap set at a 

pressure of 0.13 Pa. The acquisition was carried out in full scan (m/z 50–1500) and in full scan MS2 

(m/z 50–800) selecting both positive and negative precursor ions. 

The characterization of phenolic compounds was carried out by comparison of their 

fragmentation pattern with authentic standards and/or with data available in the literature. Table S1 

shows the chromatographic retention times, MSn fragmentation ions, and UV-Vis spectra of all 

tentatively identified compounds.  

1.2 Calibration curves and quantification of encapsulated P. spinosa extract 

The quantitative analysis was carried out using an Ultimate 3000 RS Diode Array detector 

(Thermo Scientific, San Jose, CA, USA) controlled by Chromeleon software (version 6.80). Spectral 

data from all peaks were accumulated in the range of 200–600 nm. The quantification of the phenolic 

compounds was carried out by external calibration from the areas of the chromatographic peaks 

obtained by UV detection at the following wavelengths: 258 nm for flavones and flavonols, 280 nm 

for hydroxybenzoic acid derivatives, 328 nm for hydroxycinnamic acid derivatives, and 520 nm for 

anthocyanins. A stock solution of chlorogenic acid, gallic acid, quercetin-3-O-galactoside, quercetin-

3-O-xyloside, quercetin-3-O-arabinoside, quercetin-3-O-rhamnoside, cyanidin chloride in 

H2O/MeOH (9:1, v/v) with 0.4% formic acid was serially diluted with the same solvent to prepare 

calibration curves ranging from 12-3000 ng/mL. The R2 coefficients for the calibration curves were > 

0.99. When standards were unavailable, the quantification of the analytes were carried out using the 

calibration curve of available standard presenting similar chemical structures: quercetin 3-O-

rhamnoside, quercetin 3-O-hexoside-O-pentoside, and rutin were quantified with the calibration 

curve of quercetin 3-O-rhamnoside (wavelength max 258 nm); quercetin arabinoside, apigenin 

pentoside, apigenin pentoside isomer, and quercetin pentoside as quercetin arabinoside ( wavelength 

max 258 nm); quercetin galactoside and quercetin hexoside as quercetin galactoside (wavelength max 

258 nm); 4-(vanilloyloxy)-2,6,6-trimethylcyclohexene-1-carboxylic acid and ellagic acid as gallic acid 

(wavelength max 280 nm); 3-O-caffeoylquinic acid, 3-O-p-cumaroylquinic acid, chlorogenic acid 

dehydrodimer, 3-O-feruloylquinic acid, 4-O-caffeoylquinic acid, and chlorogenic acid dehydrodimer 
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as chlorogenic acid (wavelength max 328 nm); and cyanidin 3-O-glucoside, cyanidin 3-O-rutinoside, 

peonidin 3-O-glucoside, and peonidin 3-O-rutinoside as cyanidin chloride (wavelength max 520 nm). 

The samples were analysed in triplicate. 

2. Results 

2.1 Analysis of P. spinosa extract, PS-DOPC-Leukosome and PS-DOPG-Leukosome by HPLC-DAD-ESI-

MSn. 

Among the 24 compounds listed in Table S1, peaks 1-12, 15, 17-24 were identified by comparing 

their retention time, UV data, and MSn fragmentation pattern with those of authentic standards 

and/or with data available in the literature. Peak 16 showed a [M-H]− ion at m/z 333 and produced 

fragments (MS2) at m/z 165, 289, and 301 due to the loss of vanillic acid (168 Da), CO2 (44 Da), and 

MeOH (32 Da), respectively. On the base of the fragmentation pattern and literature data on 

picrocrocinic acid [1–3], peak 16 was tentatively identified as 4-(vanilloyloxy)-2,6,6-

trimethylcyclohexene-1-carboxylic acid. The compounds corresponding to peaks 13 and 14 were 

unidentified. 

 

Table S1. Characterization of the main phenolic compounds of the extracts of purified samples of P. 

spinosa ethanolic extract by HPLC–DAD/ESI–MSn in positive or negative mode. 

Pea

k 

No 

tR 

(min

) 

max 

(nm) 

M+ or 

[M+N

a]+ 

(m/z) 

  

[M-H]-or 

[M+HC

OO]- 

(m/z) 

 

HPLC-ESI/MSn 

m/z (% base 

peak) 

Tentative assignment Ref. 

1 14.6 
300sh, 

326 
 353 

MS2[353]: 191 

(100), 179 (44), 

135 (8) 

3-O-Caffeoylquinic 

acid 
c 

2 17.6 312  337 

MS2[337]: 163 

(100), 191 (9), 173 

(6) 

3-O-p-

Cumaroylquinic acid 

[4,5]  

 

3 19.0 
295, 

320 
 705 

MS2[705]: 513 

(100); MS3 [705  

513]: 339 (100); 

MS4 [705  513 

 339]: 295 (100) 

Chlorogenic acid 

dehydrodimer 
[6] 

4 19.2 
300, 

326 
 367 

MS2[367]: 193 

(100), 134 (5), 173 

(3), 191 (2) 

3-O-Feruloylquinic 

acid 
[4] 

5 19.6 
300sh,3

28 
 353 

MS2[353]: 173 

(100), 179 (54), 

191 (28), 135 (65) 

4-O-Caffeoylquinic 

acid 
[4] 

6 20.1 356  447a 

MS2[447]: 401 

(100); MS3 [447  

401]: 269 (100) 

Apigenin pentoside [7] 

7 20.4 
287, 

320 
 705 

MS2[705]: 513 

(100); MS3 [705  

513]: 339 (100); 

MS4 [705  513 

 339]: 295 (100) 

Chlorogenic acid 

dehydrodimer 
[6] 
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8 20.6 520 449  
MS2[449]: 287 

(100) 

Cyanidin 3-O-

glucoside or 

galactoside 

[5] 

 

9 20.9 356  447a 

MS2[447]: 401 

(100); MS3 [447  

401]: 269 (100) 

Apigenin pentoside 

isomer 

[7] 

 

10 21.4 
282, 

520 
595  

MS2[595]: 287 

(100), 449 (20) 

Cyanidin 3-O-

rutinoside 

[8] 

 

11 22.2 

271, 

302sh, 

518 

463  
MS2[463]: 301 

(100) 

Peonidin 3-O-

glucoside 

[9,10] 

 

12 22.9 
282, 

522 
609  

MS2[609]: 301 

(100), 463 (30) 

Peonidin 3-O-

rutinoside 

[9,11] 

 

13 24.9 
270, 

296 
665b  

MS2[665]: 357 

(100), 633 (31), 

647 (3); MS3 [665 

 357]: 173 (100), 

191 (15), 189 (12) 

Unknown  

14 25.2 
270, 

360 
519b  

MS2[519]: 357 

(100), 487 (7), 501 

(3); MS3 [519  

357]: 173 (100), 

191 (15), 189 (12) 

Unknown  

15 27.1 
250, 

338 
 609 

MS2[609]: 301 

(100), 257 (20); 

MS3 [609  301]: 

257 (100), 283(5), 

229(1) 

Ellagic acid 

derivative 

 

[11,12] 

 

16 27.8 
268, 

298 
 333 

MS2[333]: 165 

(100), 301 (30), 

289 (10) 

4-(vanilloyloxy)-2,6,6-

trimethylcyclohexene

-1-carboxylic acid 

[1–3] 

 

17 27.9 342  463 
MS2[463]: 301 

(100) 
Quercetin hexoside 

 

[8] 

18 31.4 354  595 

MS2[595]: 300 

(100), 415 (40), 

301 (40), 271 (18), 

505 (30), 433 (12) 

Quercetin 3-O-

hexoside-O-pentoside 
[13]  

19 31.7 
258, 

356 
 609 

MS2[609]: 301 

(100), 343 (10) 
Rutin 

[14] 

 

20 32.4 
258, 

356 
 463 

MS2[463]: 301 

(100) 
Quercetin galactoside c 

21 34.3 
258, 

354 
 433 

MS2[433]: 301 

(100) 
Quercetin xyloside c 

22 34.9 
258, 

356 
 433 

MS2[433]: 301 

(100), 300 (80) 

Quercetin 

arabinoside 
c 

23 36.8 
258, 

356 
 433 

MS2[433]: 301 

(100) 
Quercetin pentoside 

[15] 

 

24 39.0 
260, 

352 
 447 

MS2[447]: 301 

(100), 300 (20), 

285 (10) 

Quercetin 3-O-

rhamnoside 
c 

aFormate adduct. bSodium adduct. cConfirmed with standard 
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Figure S1. Chromatograms of purified samples of P. spinosa ethanolic extract (A), PS-DOPC-

Leukosome (B) and PS-DOPG-Leukosome (C) detected at 280 nm. Peak numbers correspond to those 

reported in Tables S1. 
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