
   
 

S1 
 

ELECTRONIC SUPPORTING INFORMATION 

 

The effect of alcohols as vehicles on the percutaneous absorption and skin 

retention of ibuprofen modified with L-valine alkyl esters 

Paula Ossowicza*, Joanna Klebekoa, Ewa Janusa, Anna Nowakb, Wiktoria Duchnikb, Łukasz Kucharskib, and Adam 

Klimowiczb 

 

a West Pomeranian University of Technology, Szczecin, Faculty of Chemical Technology and Engineering, Department of 

Chemical Organic Technology and Polymeric Materials, Piastów Ave. 42, 71-065 Szczecin, Poland 
b Pomeranian Medical University in Szczecin, Department of Cosmetic and Pharmaceutical Chemistry, Powstańców  

 

*Corresponding author at: West Pomeranian University of Technology, Piastów Ave. 42, 71-065 Szczecin, 

Poland, Tel:  +48914494801. E-mail: possowicz@zut.edu.pl;   

 

Number of pages: 58  

Number of figures: 65 

Number of tables: 7 

 
Table of Contents 

 

 

SPECTRAL ANALYSIS & IDENTIFICATION OF COMPOUND    S2 

 L-valine alkyl ester hydrochlorides       S2 

 L-valine alkyl ester         S11 

 L-valine alkyl ester ibuprofenate       S20 

COLLECTED DATA          S31 

 The cumulative mass of compound in skin after 24 hours of permeation  S31 

 Statistical data analysis        S33 

 Diffusing through pig skin from alcoholic solutions of analyzed compounds S37 

  

  

 

 

  

Electronic Supplementary Material (ESI) for RSC Advances.
This journal is © The Royal Society of Chemistry 2020



   
 

S2 
 

SPECTRAL ANALYSIS, IDENTIFICATION & CHARACTERISATION OF 

COMPOUNDS 

 

L-VALINE ALKYL ESTER HYDROCHLORIDES 

 

Table S1. Amounts of substrates and yields of synthesis of L-valine alkyl ester hydrochlorides 

(ValOR·HCl) 

 

ValOMe∙HCl– L-valine methyl ester hydrochloride 

6
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Compound was obtained according general procedure 

and the reaction yielded 7.29 g of ValOMe∙HCl (98.5%) 

as white solid. 1H NMR (400 MHz, CDCl3) δ in ppm:  

8.82 (s, 3H, H5); 3.99 (d, 1H, J4,3=4.9 Hz, H4); 3.83 (s, 3H, H7); 2.46-2.50 (m, 1H, H3); 1.14 

(dd, 6H, H2, H1); 13C NMR (100 MHz, CDCl3) δ in ppm: 168.92 (C6); 58.64 (C4); 52.93 (C7); 

29.87 (C3); 18.45 (C2) 18.29 (C1);  FT-IR: ν (ATR): 2969; 2886; 2675; 1739; 1699; 1679; 

1592; 1504; 1465; 1437; 1399; 1378; 1355; 1293; 1241; 1158; 1140; 1070; 1020; 975; 928; 

880; 770; 753; 664; 520; 480; 426 cm-1; UV-Vis (EtOH): λmax= 202.4 nm; Elemental analysis: 

Calc. (%) for C6H14NO2Cl (167.640 g/mol) C (42.99), H (8.42), N (8.36), O (19.09), Found  C 

(42.90), H -(8.38), N (8.35), O (19.09); Tm=164.8-172.4⁰C;  [𝜶]𝑫
𝟐𝟎 = +24.628 (c=0.605 g/100 

cm3 EtOH). 

No. Compound 

Substrate Product  

Amino acid 

[g] 

TMSCl 

[mL] 

L-ValOR·HCl  

[g] 

Yield 

[%] 
State 

1 ValOMe·HCl 5.17 11.20 7.29 98  white solid 

2 ValOHept·HCl 5.34 11.56 10.47 91 white solid 

3 ValOOkt·HCl 5.47 11.85 11.06 89 white solid 
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Figure S1. 1H NMR spectra of L-valine methyl ester hydrochloride 

 

 
Figure S2.13C NMR spectra of L-valine methyl ester hydrochloride 
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Figure S3. FTIR spectra of L-valine methyl ester hydrochloride 

 

 
Figure S4. The TG, DTG and c-DTA curves of L-valine methyl ester hydrochloride 
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ValOHept∙HCl – L-valine heptyl ester hydrochloride 

6
4

O

NH3

+

3

1

2O

7

8

9

10

11

12

13

Cl
-

 

The compound was obtained according to general 

procedure and the reaction yielded 10.47 g of 

ValOHept∙HCl (91.0%) as yellow solid. 1H NMR (400  

MHz, CDCl3) δ in ppm: 8.76 (s, 3H, H5); 4.13-4.27 (m, 2H, H7); 3.96 (d, 1H, J4,3=3.9 Hz, H4); 

2.44-2.52 (m, 1H, H3); 1.60-1.71 (m, 2H, H8); 1.28-1.38 (m, 8H, H9, H10, H11, H12); 1.15 

(dt, 6H, H13, H2); 0.88 (t, 3H, H1 J1,3=6.9); 13C NMR (100 MHz, CDCl3) δ in ppm: 168.50 

(C6); 66.42 (C4); 58.52 (C7); 31.65 (C3); 29.88 (C8); 28.81 (C9); 28.38 (C10); 25.73 (C11); 

22.54 (C12); 18.41 (C2); 18.23 (C1); 14.02 (C13);  FT-IR: ν (ATR): 2952; 2924; 2898; 2856; 

2703; 2675; 2611; 2577; 2038; 1731; 1695; 1586; 1574; 1508; 1465; 1417; 1397; 1378; 1352; 

1340; 1325; 1288; 1274; 1252; 1232; 1210; 1170; 1107; 1042; 996; 985; 963; 923; 904; 864; 

844; 808; 760; 722; 703; 665; 536; 514; 473; 436; 411  cm-1; UV-Vis (EtOH): λmax= 204.9 nm; 

Elemental analysis: Calc. (%) for C12H26NO2Cl (251.796 g/mol) C (57.24), H (10.41), N 

(5.63), O (12.71), Found  C (57.60), H (10.38), N (5.64), O (13.29); [𝜶]𝑫
𝟐𝟎 = +9.933 (c=0.594 

g/100 cm3 EtOH). 

 
Figure S5. 1H NMR spectra of L-valine heptyl ester hydrochloride 
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Figure S6. 13C NMR spectra of L-valine heptyl ester hydrochloride 

 

 
Figure S7. FTIR spectra of L-valine heptyl ester hydrochloride 
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Figure S8. The TG, DTG and c-DTA curves of L-valine heptyl hydrochloride 
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ValOOct∙HCl – L-valine octyl ester hydrochloride 
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The compound was obtained according to general 

procedure and the reaction yielded 11.06 g of 

ValOOct∙HCl (89.2%) as white solid. 1H NMR (400  

MHz, CDCl3) δ in ppm: 8.42 (s, 3H, H5); 4.13-4.27 (m, 2H, H7); 3.95 (d, 1H, J4,3=3.9 Hz, H4); 

2.46-2.52 (m, 1H, H3); 1.64-1.71 (m, 2H, H8); 1.27-1.36 (m, 10H, H9, H10, H11, H12); 

1.15(dt, 6H, H2, H13); 0.88 (t, 3H, J1,3=6.9 Hz, H1); 13C NMR (100 MHz, CDCl3) δ in ppm: 

168.53 (C6); 66.41 (C4); 58.53 (C7); 31.74 (C3); 29.90 (C8); 29.13 (C9); 29.10 (C10); 28.38 

(C11); 25.78 (C12); 22.60 (C13); 18.41 (C2); 18.25 (C1); 14.07 (C14);  FT-IR: ν (ATR): 2952; 

2925; 2853; 2638; 2042; 1733; 1697; 1587; 1572; 1512; 1466; 1417; 1397; 1353; 1287; 1225; 

1207; 1170; 1135; 1107; 1071; 1041; 990; 958; 939; 911; 878; 807; 777; 723; 666; 537; 519; 

473; 443; 422; 411 cm-1; UV-Vis (EtOH): λmax= 211.8 nm; Elemental analysis: Calc. (%) for 

C13H28NO2Cl (265.823 g/mol) C (58.74), H (10.62), N (5.27), O (12.04), Found  C (58.79), H 

(10.67), N (5.60), O (12.00); Tm=70.9-80.4⁰C;  [𝜶]𝑫
𝟐𝟎 = +12.035 (c=0.565 g/100 cm3 EtOH). 

 

 

Figure S9. 1H NMR spectra of L-valine octyl ester hydrochloride 
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Figure S10. 13C NMR spectra of L-valine octyl ester hydrochloride 
 

 
Figure S11. FTIR spectra of L-valine octyl ester hydrochloride 
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Figure S12. The TG, DTG and c-DTA curves of L-valine octyl hydrochloride 
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L-VALINE ALKYL ESTER  

Table S2. Amounts of substrates and yields of synthesis of L-valine alkyl esters (L-ValOR) 

 

[ValOMe]– L-valine methyl ester  
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The compound was obtained according to general 

procedure and the reaction yielded 0.76 g of ValOMe 

(83.5%) as a yellow liquid. 1H NMR (400 MHz,  

CDCl3) δ in ppm: 3.72 (s, 3H, H7); 3.30 (d, 1H, J4,3=4.9 Hz, H4); 1.99-2.04 (m, 1H, H3); 1.52 

(s, 2H, H5); 0.98 (d, 3H, J2,3=6.9 Hz, H2); 0.91 (d, 3H, J1,3=6.8 Hz, H1); 13C NMR (100 MHz, 

CDCl3) δ in ppm: 175.89 (C6); 59.78 (C4); 51.53 (C7); 32.01 (C3); 19.12 (C2) 17.06 (C1);  FT-

IR: ν (ATR): 3439; 3429; 2960; 2934; 2874; 1731; 1604; 1466; 1436; 1388; 1369; 1339; 1280; 

1225; 1194; 1170; 1083; 1050; 903; 842; 817; 765; 752; 719 cm-1; UV-Vis (EtOH): λmax= 203.9 

nm; [𝜶]𝑫
𝟐𝟎 = +52.000 (c=0.550 g/100 cm3 EtOH). 

 
Figure S13. 1H NMR spectra of L-valine methyl ester 

No. Compound 

Substrate Product  

L-ValOR·HCl  

[g] 

25% NH3·H2O 

[mL] 

L-ValOR  

[g] 

Yield 

[%] 

State 

1 ValOMe 1.17 3.02 0.76 84 yellow liquid 

2 ValOHept 1.08 1.86 0.68 74 yellow liquid 

3 ValOOkt 1.27 1.94 0.80 73 yellow liquid 
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Figure S14. 13C NMR spectra of L-valine methyl ester 

 

 
Figure S15. FTIR spectra of L-valine methyl ester 



   
 

S13 
 

 
Figure S16. The TG, DTG and c-DTA curves of L-valine methyl ester 
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[ValOHept] – L-valine heptyl ester  
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The compound was obtained according to general 

procedure and the reaction yielded 0.68 g of ValOHept 

(74.1%) as a yellow liquid. 1H NMR (400 MHz,  

CDCl3) δ in ppm: 3.98-4.09 (m, 2H, H7); 3.19 (d, 1H, J4,3=4.0 Hz, H4); 1.92-1.97 (m, 1H, H3); 

1.55-1.60 (m, 2H, H8); 1.47 (s, 2H, H5); 1.14-1.31 (m, 8H, H9, H10, H11, H12) 0.89 (d, 3H, 

H2, J1,3=6.9); 0.79-0.83 (m, 6H, H14, H1); 13C NMR (100 MHz, CDCl3) δ in ppm: 175.50 

(C6); 64.66 (C4); 59.78 (C7); 31.98 (C3); 31.56 (C8); 28.73 (C9); 28.49 (C10); 25.74 (C11); 

22.42 (C12); 19.15 (C2); 16.99 (C1); 13.89 (C13);  FT-IR: ν (ATR): 3392; 3328; 2957; 2927; 

2871; 2858; 1731; 1608; 1467; 1388; 1379; 1368; 1338; 1277; 1225; 1172; 1049; 990; 954; 

928; 906; 848; 725; cm-1; UV-Vis (EtOH): λmax= 205.7 nm; [𝜶]𝑫
𝟐𝟎 = +15.750 (c=0.800 g/100 

cm3 EtOH). 

 
Figure S17. 1H NMR spectra of L-valine heptyl ester 



   
 

S15 
 

 
Figure S18. 13C NMR spectra of L-valine heptyl ester 

 

 
Figure S19. FTIR spectra of L-valine heptyl ester 



   
 

S16 
 

 
Figure S20. The TG, DTG and c-DTA curves of L-valine heptyl ester 

 

  



   
 

S17 
 

[ValOOct] – L-valine octyl ester  
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The compound was obtained according to general 

procedure and the reaction yielded 0.80 g of ValOOct 

(73.0%) as a yellow liquid. 1H NMR (400 MHz, 

CDCl3) δ in ppm: 3.90-4.01 (m, 2H, H7); 3.12 (d, 1H,  

J4,3=5.0 Hz, H4); 1.83-1.91 (m, 1H, H3); 1.45-1.52 (m, 4H, H8, H5); 1.03-1.22 (m, 10H, H9, 

H10, H11, H12, H13) 0.82 (d, 3H, H2, J1,3=6.9); 0.71-0.76 (m, 6H, H14, H1); 13C NMR (100 

MHz, CDCl3) δ in ppm: 175.38 (C6); 64.53 (C4); 59.68 (C7); 31.90 (C3); 31.55 (C8); 28.95 

(C9); 28.42 (C10); 22.40 (C11); 19.03 (C2); 16.90 (C1); 13.82 (C14);  FT-IR: ν (ATR): 3389; 

3327; 2957; 927; 2856; 2856; 1731; 1607; 1467; 1388; 1379; 1368; 1338; 1280; 1223; 1172; 

1074; 1048; 982; 955; 982; 955; 908; 844; 770; 725; cm-1; UV-Vis (EtOH): λmax= 204.4 nm; 

[𝜶]𝑫
𝟐𝟎 = +18.127 (c=1.164 g/100 cm3 EtOH). 

 
Figure S21. 1H NMR spectra of L-valine octyl ester 
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Figure S22. 13C NMR spectra of L-valine octyl ester 

 

 
Figure S23. FTIR spectra of L-valine octyl ester 
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Figure S24. The TG, DTG and c-DTA curves of L-valine octyl ester 
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L-VALINE ALKYL ESTER IBUPROFENATE 

Table S3. Yields of synthesis of L-valine alkyl esters ibuprofenate ([L-ValOR][IBU]) 

 

[ValOMe][IBU] – L-valine methyl ester ibuprofenate  
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The compound was obtained according to general procedure and the reaction yielded 1.46 g of 

[ValOMe][IBU](97.6%) as white solid. 1H NMR (400 MHz, CDCl3) δ in ppm: 7.18 (d, 2H, 

J5,6=8.1 Hz, H5); 7.05 (d, 2H, J6,5=8.1 Hz, H6); 5.08 (s, 3H, H15); 3.71 (s, 3H, H17); 3.63-3.69 

(q, 1H, H2); 3.38 (d, 1H, J14,13=4.6 Hz, H14); 2.43 (d, 2H, J8,9=7.1 Hz, H8); 2.01-2.09 (m, 1H, 

H13); 1.79-1.87 (m, 1H, H9); 1.46 (d, 3H, J3,2=7.1 Hz, H3); 0.94 (d, 3H, H11); 0.83-0.94 (m, 

12H, H10, H11, H12); 13C NMR (100 MHz, CDCl3) δ in ppm: 179.31 (C1);  175.01 (C16);  

140.50 (C7);  137.89 (C4);  129.30 (C5);  127.26 (C6);  59.26 (C14);  51.95 (C14);  45.30 (C8);  

45.06 (C2);  31.76 (C13);  30.20 (C9);  22.41 (C10);  18.96 (C12);  18.37 (C3);  17.27 (C11);  

FT-IR: ν (ATR): 2964; 2929; 2867; 1740; 1599; 1548; 1511; 1464; 1452; 1384; 1357; 1331; 

1286; 1262; 1226; 1203; 1173; 1111; 1075; 1057; 986; 978; 882; 770; 727; 693; 528 cm-1; UV-

Vis (EtOH): λmax=228.7 nm; Elemental analysis: Calc. (%) for C20H33NO4 (337.458 g/mol) C 

(67.63), H (9.26), N (4.15), O (18.96), Found  C (67.63), H (9.26), N (4.11), O (18.18); 

Tm=81.5-96.2⁰C; [𝜶]𝑫
𝟐𝟎 = +14.933 (c=0.529 g/100 cm3 EtOH). 

 

No. Compound 

 Substrate Product  

L-ValOR  

[g] 

Ibuprofen 

[g] 

 [L-ValOR][IBU]  

[g] 

Yield 

[%] 

State 

1 [L-ValOMe][IBU] 0.60 0.94 1.51 97.6 white solid 

2 [L-ValOHept][IBU] 0.65 0.62 1.17 92.0 white solid 

3 [L-ValOOkt][IBU] 0.57 0.51 1.06 98.0 white solid 
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Figure S25. 1H NMR spectra of L-valine methyl ester ibuprofenate 

 

 
Figure S26. 13C NMR spectra of L-valine methyl ester ibuprofenate 
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Figure S27. FT-IR spectra of L-valine methyl ester ibuprofenate 

 

 
Figure S28. The TG, DTG and c-DTA curves of L-valine methyl ester ibuprofenate 
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Figure S29. The DSC curves of L-valine methyl ester ibuprofenate 
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[ValOHept][IBU] – L-valine heptyl ester ibuprofenate 
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The compound was obtained according to general procedure and the reaction yielded 1.4 g of 

[L-ValOHept][IBU] (92.0%) as white solid. 1H NMR (400 MHz, CDCl3) δ in ppm: 7.20 (d, 

2H, J5,6=8.1 Hz, H5); 7.06 (d, 2H, J6,5=8.0 Hz, H6); 5.82 (s, 3H, H15); 4.06-4.14 (m, 2H, H17); 

3.61-3.66 (m, 1H, H2); 3.39 (d, 1H, J14,13=4.5 Hz, H14); 2.42 (d, 2H, J8,9=7.1 Hz, H8); 2.03-

2.08 (m, 1H, H13); 1.80-1.85 (m, 1H, H9); 1.59-1.64 (m, 2H, H18); 1.44 (d, 3H, J3,2=7.1 Hz, 

H3); 1.26-1.33 (m, 9H, H19, H20, H21, H22); 0.87-0.94(m, 15H, H10, H11, H12, H23); 13C 

NMR (100 MHz, CDCl3) δ in ppm: 179.22 (C1);  174.20 (C16);  140.28 (C7);  138.32 (C4);  

129.23 (C5);  127.26 (C6);  65.24 (C17);  59.07 (C14);  45.57 (C8);  45.07 (C2);  31.71(C13);  

31.56 (C18);  30.20 (C9);  28.87 (C19); 28.58 (C20); 25.86 (C21);  22.59 (C22);  22.42 (C10);  

18.84 (C12);  18.49 (C3);  17.27 (C11);  14.07 (C23);  FT-IR: ν (ATR): 2959; 2927; 2863; 

2727; 2160; 1737; 1677; 1600; 1583; 1545; 1510; 1465; 1416; 1388; 1358; 1320; 1288; 1255; 

1224; 1212; 1175; 1116; 1060; 1022; 1003; 936; 882; 848; 810; 786; 725; 694; 636 cm-1; UV-

Vis (EtOH): λmax=219.5 nm; Elemental analysis: Calc. (%) for C25H43NO4 (421.619 g/mol) C 

(71.72), H (10.23), N (3.32), O (15.18), Found  C (71.22), H (10.30), N (3.04), O (15.14); 

Tm=57.5-72.2⁰C; [𝜶]𝑫
𝟐𝟎 = +7.678 (c=0.533 g/100 cm3 EtOH). 
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Figure S30. 1H NMR spectra of L-valine heptyl ester ibuprofenate 

 

 
Figure S31. 13C NMR spectra of L-valine heptyl ester ibuprofenate 
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Figure S32. FT-IR spectra of L-valine heptyl ester ibuprofenate 

 
Figure S33. The TG, DTG and c-DTA curves of L-valine heptyl ester ibuprofenate  
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Figure S34. The DSC curves of L-valine heptyl ester ibuprofenate 

 

[ValOOct][IBU] – L-valine octyl ester ibuprofenate 
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The compound was obtained according to general procedure and the reaction yielded 0.6 g of 

[L-ValOOct][IBU] (98.0%) as white solid. 1H NMR (400 MHz, CDCl3) δ in ppm: 7.20 (d, 2H, 

J5,6=8.91 Hz, H5); 7.05 (d, 2H, J6,5=8.0 Hz, H6); 6.03 (s, 3H, H15); 4.06-4.14 (m, 2H, H17); 

3.60- 3.65 (q, 1H, H2); 3.39 (d, 1H, J14,13=4.5 Hz, H14); 2.42 (d, 2H, J8,9=7.2 Hz, H8); 2.03-

2.08 (m, 1H, H13); 1.80-1.87 (m, 1H, H9); 1.59-1.64 (m, 2H, H18); 1.43 (d, 3H, J3,2=7.1 Hz, 

H3); 1.27-1.30 (m, 11H, H19, H20, H21, H22, H23); 0.87-0.94 (m, 15H, H10, H11, H12, H24); 

13C NMR (100 MHz, CDCl3) δ in ppm: 179.22 (C1);  173.98 (C16);  140.17 (C7);  138.52 

(C4);  129.19 (C5);  127.27 (C6);  65.27 (C17);  59.00 (C14);  45.71 (C8);  45.08 (C2);  31.79 

(C13);  31.48 (C18);  30.20 (C9);  29.17 (C19); 28.57 (C20); 25.89 (C21); 22.65 (C22); 22.42 

(C10); 18.78 (C12); 18.55 (C3); 17.30 (C11);  14.11 (C11);  FT-IR: ν (ATR): 2955; 2923; 

2855; 2722; 2162; 1739; 1678; 1603; 1510; 1464; 1417; 1388; 1359; 1320; 1288; 1259; 1223; 
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1209; 1176; 1115; 1082; 1058; 1022; 1004; 940; 882; 848; 812; 786; 726; 693; 637cm-1; UV-

Vis (EtOH): λmax=219.8 nm; Elemental analysis: Calc. (%) for C24H41NO4 (435.645 g/mol) C 

(71.68), H (10.41), N (3.21), O (14.69), Found  C (71.64), H (10.43), N (3.08), O (14.63); 

Tm=58.2-70.9⁰C; [𝛂]𝐃
𝟐𝟎 = +8.300 (c=0.506 g/100 cm3 EtOH). 

 
Figure S35. 1H NMR spectra of L-valine octyl ester ibuprofenate 
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Figure S36. 13C NMR spectra of L-valine octyl ester ibuprofenate 

 

 
Figure S37. FT-IR spectra of L-valine octyl ester ibuprofenate 
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Figure S38. The TG, DTG and c-DTA curves of L-valine octyl ester ibuprofenate 

 

 
Figure S39. The DSC curves of L-valine octyl ester ibuprofenate 
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COLLECTED DATA 
 

a)  
 

b)  
Figure S40. The cumulative mass of compound in skin after 24 hours of permeation (n=3) - 

acceptor phase with pH 5.4, expressed as µg compound (a) or µg IBU (b) per g skin 
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b)  
Figure S41. The cumulative mass of compound in skin after 24 hours of permeation 

(n=3) - acceptor phase with pH 7.4, expressed as µg compound (a) or µg IBU (b) per g 

skin 
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Table S4. Statistical differences regarding the cumulative mass of active substance in relation to ibuprofen, taking into account all factors used (a 

type of alcohol and pH) by the Mann-Whitney test 

Compounds 
[ValOMe] 

[IBU] 

[ValOEt] 

[IBU] 

[ValOiPr] 

[IBU] 

[ValOPr] 

[IBU] 

[ValOBu] 

[IBU] 

[ValOAm] 

[IBU] 

[ValOHex] 

[IBU] 

[ValOHept] 

[IBU] 

[ValOOct] 

[IBU] 

IBU 
z=- 0.616 

(p=0.542) 

z=4.192 

(p=0.000)** 

z=-0.933 

(p=0.350) 

z=-3.306 

(p=0.000)** 

z=-0.616 

(p=0.537) 

z=-1.597 

(p=0.110) 

z=2.167 

(p=0.030) 

z=4.167 

(p=0.000)** 

z=5.110 

(p=0.000)** 

**Value is significantly different from control (ibuprofen) (P<0.001) *Value is significantly different from control (ibuprofen) (P<0.05) 

 

 

 

Table S5. Statistical differences between individual alcohols and between acceptor liquids with different pH using the Mann-Whitney test 

Alkohol/vehicle z p 

EtOH vs MeOH 2.367 0.0179* 

EtOH vs iPrOH -2.130 0.0330* 

MeOH vs iPrOH -4.273 0.0000** 

pH/ acceptor fluid 

pH 7.4 vs pH 5.4 3.1942 0.0014** 
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Figure S42. Hierarchical dendrogram of a mean cumulated mass of IBU 
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Figure S43. Box and whisker plot of data from a mean cumulative mass of IBU depending on 

the type of ibuprofen derivative used 
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Figure S44. Box and whisker plot of data from a mean cumulative mass of IBU depending on 

the type vehicles used 
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Figure S45. Box and whisker plot of data from a mean cumulative mass of IBU depending on 

the pH used 
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Table S6. Skin permeation expressed as % applied dose of IBU, after 24 h permeation of free 

acid and its salts with L-valine esters from methanolic, ethanolic and isopropanolic solution 

into acceptor phase at pH 7.4 and 5.4 

 Skin permeation, % applied dose of IBU 

Compound 
pH 7.4 pH 5.4 

MeOH EtOH iPrOH MeOH EtOH iPrOH 

IBU 4.59 6.06a 7.60 4.38 4.81 6.72 

[ValOMe][IBU] 7.41 8.23 9.50 6.45 7.70 8.69 

[ValOEt][IBU] 6.84 7.33a 9.59 6.94 6.48 7.38 

[ValOiPr][IBU] 10.51 12.09a 14.56 7.61 10.51 12.49 

[ValOPr][IBU] 13.23 13.55a 14.59 12.13 11.10 10.89 

[ValOBu][IBU] 9.57 10.66a 13.68 9.15 10.31 10.51 

[ValOAm][IBU] 9.38 11.79a 11.53 7.92 8.06 8.94 

[ValOHex][IBU] 8.61 9.81a 12.53 8.09 8.50 9.65 

[ValOHept][IBU] 6.36 8.57 8.09 5.88 7.14 7.43 

[ValOOct[IBU] 6.36 6.85 6.51 6.31 6.42 6.27 

a – data reported in  (Janus et al., 2020) 

 

Table S7. Skin accumulation expressed as % applied dose of IBU, after 24 h skin permeation 

of ibuprofen free acid and its salts with L-valine esters from methanolic, ethanolic and 

isopropanolic solution into acceptor fluid at pH 7.4 and 5.4 

 Skin accumulation, % applied dose of IBU 

Compound 
pH 7.4 pH 5.4 

MeOH EtOH iPrOH MeOH EtOH iPrOH 

IBU 2.62 3.05 3.05 2.27 2.27 3.10 

[ValOMe][IBU] 3.17 3.00 3.00 2.97 2.97 3.24 

[ValOEt][IBU] 3.61 3.45 3.45 3.62 3.62 4.74 

[ValOiPr][IBU] 5.03 5.63 5.63 5.45 5.45 6.52 

[ValOPr][IBU] 5.83 5.02 5.02 5.08 5.08 5.92 

[ValOBu][IBU] 6.32 6.75 6.75 6.38 6.38 6.43 

[ValOAm][IBU] 4.76 4.80 4.80 5.71 5.71 4.95 

[ValOHex][IBU] 4.55 4.73 4.73 4.34 4.34 4.56 

[ValOHept][IBU] 4.21 4.56 4.56 4.14 4.14 4.12 

[ValOOct[IBU] 3.96 4.07 4.07 4.43 4.43 3.92 
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Figure S46. IBU diffusing through pig skin from alcoholic solutions (blue – methanolic; gray 

– ethanolic; red – isopropanolic) to acceptor phase with pH 5.4   
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Figure S47. [ValOMe][IBU] diffusing through pig skin from alcoholic solution (blue – 

methanolic; gray – ethanolic; red – isopropanolic) to acceptor phase with pH 5.4   
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Figure S48. [ValOEt][IBU] diffusing through pig skin from alcoholic solution (blue – 

methanolic; gray – ethanolic; red – isopropanolic) to acceptor phase with pH 5.4   

0

50

100

150

200

250

300

350

400

450

0 5 10 15 20 25

C
u

m
u

la
ti

ve
 A

m
o

u
n

t 
Pe

n
et

ra
te

d
 [
μ

g 
ac

ti
ve

]

Time [h]

[ValOEt][IBU]



   
 

S40 
 

 
Figure S49. [ValOPr][IBU] diffusing through pig skin from alcoholic solution (blue – 

methanolic; gray – ethanolic; red – isopropanolic) to acceptor phase with pH 5.4   
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Figure S50. [ValOiPr][IBU] diffusing through pig skin from alcoholic solution (blue – 

methanolic; gray – ethanolic; red – isopropanolic) to acceptor phase with pH 5.4   
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Figure S51. [ValOBu][IBU] diffusing through pig skin from alcoholic solution (blue – 

methanolic; gray – ethanolic; red – isopropanolic) to acceptor phase with pH 5.4   
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Figure S52. [ValOAm][IBU] diffusing through pig skin from alcoholic solution (blue – 

methanolic; gray – ethanolic; red – isopropanolic) to acceptor phase with pH 5.4   
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Figure S53. [ValOHex][IBU] diffusing through pig skin from alcoholic solution (blue – 

methanolic; gray – ethanolic; red – isopropanolic) to acceptor phase with pH 5.4   
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Figure S54. [ValOHept][IBU] diffusing through pig skin from alcoholic solution (blue – 

methanolic; gray – ethanolic; red – isopropanolic) to acceptor phase with pH 5.4   
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Figure S55. [ValOOct][IBU] diffusing through pig skin from alcoholic solution (blue – 

methanolic; gray – ethanolic; red – isopropanolic) to acceptor phase with pH 5.4   
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Figure S56. IBU diffusing through pig skin from alcoholic solution (blue – methanolic; gray 

– ethanolic; red – isopropanolic) to acceptor phase with pH 7.4   
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Figure S57. [ValOMe][IBU] diffusing through pig skin from alcoholic solution (blue – 

methanolic; gray – ethanolic; red – isopropanolic) to acceptor phase with pH 7.4   
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Figure S58. [ValOEt][IBU] diffusing through pig skin from alcoholic solution (blue – 

methanolic; gray – ethanolic; red – isopropanolic) to acceptor phase with pH 7.4   
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Figure S59. [ValOPr][IBU] diffusing through pig skin from alcoholic solution (blue – 

methanolic; gray – ethanolic; red – isopropanolic) to acceptor phase with pH 7.4   
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Figure S60. [ValOiPr][IBU] diffusing through pig skin from alcoholic solution (blue – 

methanolic; gray – ethanolic; red – isopropanolic) to acceptor phase with pH 7.4   
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Figure S61. [ValOBu][IBU] diffusing through pig skin from alcoholic solution (blue – 

methanolic; gray – ethanolic; red – isopropanolic) to acceptor phase with pH 7.4   

 

0

50

100

150

200

250

300

350

400

450

0 5 10 15 20 25

C
u

m
u

la
ti

ve
 A

m
o

u
n

t 
Pe

n
et

ra
te

d
 [
μ

g 
ac

ti
ve

]

Time [h]

[ValOBu][IBU]



   
 

S53 
 

 
Figure S62. [ValOAm][IBU] diffusing through pig skin from alcoholic solution (blue – 

methanolic; gray – ethanolic; red – isopropanolic) to acceptor phase with pH 7.4   
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Figure S63. [ValOHex][IBU] diffusing through pig skin from alcoholic solution (blue – 

methanolic; gray – ethanolic; red – isopropanolic) to acceptor phase with pH 7.4   
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Figure S64. [ValOHept][IBU] diffusing through pig skin from alcoholic solution (blue – 

methanolic; gray – ethanolic; red – isopropanolic) to acceptor phase with pH 7.4   
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Figure S65. [ValOOct][IBU] diffusing through pig skin from alcoholic solution (blue – 

methanolic; gray – ethanolic; red – isopropanolic) to acceptor phase with pH 7.4   
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