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Figure S1: UV and MS chromatograms of Asclepias curassavica extract (compounds 1-10 above their 
correspondent peak) 

 

Figure S2: Calibration curves of compounds 1-10 
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Table S1: 1H NMR (500 MHz) and 13C (125 MHz) data of compounds 5-10 [δ in ppm, configuration, multiplicity (J in HZ)]  

Position 
5* 6* 7* 8** 9*  10*  

δH δC δH δC δH δC δH δC δH δC δH δC 

1 
2.26 β,  
0.92 α 30.8 

2.39 bd (13.4) 
1.06 bt (13.4) 30.1 

2.46 β dd (12.6,4.3) 
1,19 α t (12.6) 34.4 

2.39 β dt (13.6,2.9) 
1.08 bt (13.6) 30 

2.31 β dt (13.1, 3.3) 
0.78 td (13.1, 3.3) 32.5 

2.37 β dd (12.6,4.4)  
1.12  α t (12.6) 34.3 

2 1.44, 1.94 29.1 1.97, 1.24 29.8 3.90 β 69.1 1.98, 1.24 29.8 1.88, 1.53 30.7 
3.74 β ddd 

(12.6,10.7, 4.4) 69 

3 3.85 α 78.8 3.79 78.4 4.03 α t (3.0) 72 3.83 α 78.3 3.67 α 79.2 3.89  α td (10.7, 4.0) 72.1 

4 1.41, 1.83 34 1.99, 1.21 35.4 1.78, 1.35 β 30.8 1.99 α, 1.2 β 35.7 1.76, 1.42 35.8 1.67, 1.24 q (12.6) 32.7 

5 1.3 α 43.8 1.51 42.1 1.71 42.3 1.6 td (12.2, 3.1) 42.3 1.21 45.6 1.6  α 42.3 

6 1.36, 1.36 26.7 1.94, 1.68 27.7 2.19, 1.77 26.7 2.16, 1.35 26.7 1.31, 1.21 29.3 
1.86 bdd (13.1, 3.3), 

1.26 26.8 

7 1.98, 1.18 27.1 
2.16 bd (12.3) 

1.32 26.8 
1.98 β qd (13,1,3.1) 

1.39 26.8 1.95 β, 1.69 27.8 2.06, 1.13 28.6 2.08, 1.66 26.7 

8 1.74 β 41.3 1.6 t (12.4) 42.3 1.65β 41.6 1.53 β 42 1.77 42.8 1.53 β 41.6 

9 1.12 α 49.2 1.41 47.8 1.58 47.5 1.44 α 47.7 1 α m 51.3 1.52 α 47.4 

10  39.1  51.9  53.2  52.1  40.3  53.2 

11 1.66, 1.44 22.5 1.71, 1.12 21.5 1.73 1.16 β 21.5 1.73, 1.13 β 21.5 1.62, 1.62 23.7 1.68, 1.09 21.8 

12 1.44, 1.55 α 39.7 1.53, 1.44 38.7 1.56, 1.47, bt (13.6) 38.4 1.52, 1.44 38.9 1.48, 1.39 41.3 1.63, 1.57 39.6 

13  49.2  49.4  49.4  49.5  50.9  48.9 

14  86.3  85.7  85.6  85.8  86.4  85.4 

15 2.20, 1.73 31.7 2.2, 1.71 31 2.16, 1.74 30.8 2.14, 1.71 31.1 
2.14,  

1.69 dd (11.5;9.5) 33.3 2.06, 2.06  39.1 

16 2.22, 1.84 26.5 2.12, 1.83 26.5 2.21, 1.82 26.4 2.21, 1.83 26.5 2.16, 1.86 27.8 4.48 β td (8.2,4.1) 76.1 

17 2.91 α 50.1 2.88 49.9 2.92 dd (9.5, 5.6) 49.7 2.9 α dd (9.5, 5.4) 50.2 2.82 α 52.1 2.62 α d (5.1) 59.2 

18 0.95 s β 15.2 0.81 β s  15.1 0.83 β s 14.9 0.82 β s  15.1 0.92 β s 16.2 0.71 β s 14.9 

19 3.92, 3.77 60.1 10 s 214.9 10.09 β s 212.8 9.95 β s 214.9 
3.86 dd (11.7, 4.2) 

3.73 60 9.96 s 212.9 

20  178.9  178.7  178.4  178.5  176.9  175.4 

21 

5.06 dd (18.2, 
1.3 ) 5.08 dd 

(18.2, 1.3) 75 
5.06 bd (18.5) 
5.01 bd (18.5) 75 

5.07 dd (18.2, 1.3), 
5.04 dd (18.2, 1.3) 75 5.08, 5.03 75.1 5.03, 4.90 75.2 4.92, 4.92 75.1 

22 6.00 s 116.1 5.98 s 115.8 6.00 s 116 5.97 s 116 5.89 s 117.5 5.96 s 116.7 

23  179.4  178.9  178.8  178.9  178.1  177.9 

1´ 4.87α d (8.3) 97.9 4.82 α d (7.9) 97.8 4.65 β s 94.8 4.81α d (8.2) 98 4.72 d (8.0) 99.5 4.53 β s 95.2 

2´ 3.46 β 69.7 3.4 β dd (7.7,1.8) 70  91.6 3.38 dd (8.2,3.1) 70.5 3.26 dd (7.9, 2.9) 72.6  91.8 
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3´ 4.4 β t (2.8) 70.7 4.37 β bd 70.5 3.96 β dd (11.6, 4.5) 81.5 4.13 α t (3.1) 71.2 4.01 α t (2.9) 73 3.68 β dd (12.1,5.0) 71.6 

4´ 3.53 β 82 3.49β d (9.4) 81.6 

2.15 β bdd (12.0, 
4.5) 

1.73 q (11.3, 12.0) 36.9 3.35 dd(9.8,3.1) 72.4 3.14 dd (9.5,2.7) 74.6 

1.76 β ddd 
(12.6,4.8,1.3),  

1.54 α 37.2 

5´ 3.94 α 68.2 
3.9 α bdt  

(6.2, 6.2, 3.2) 68.4 3.84  β dd (11.3,5.9) 68.6 3.8 α m  69.4 3.71 α 70.4 3.72 β 68.9 

6´ 1.34 β d (6.2) 16.8 1.31 β d (6.2) 16.8 1.3 α d (5.9) 19.7 1.25 β d (5.9) 16.7 1.22 β d (6.3) 18 1.19  α d (5.7) 19.7 

1" 4.6 α d (7.8) 104 4.58 α d (7.8) 104 4.66 α d (7.9) 104       
2" 3.35 β bt (8.3) 73.1 3.32 β bt (8.8) 73.2 3.39 bt (8.7) 73.3       
3" 3.5 α 75.7 3.43 α 75.6 3.53 α t (9.1) 75.5       
4" 3.46 β 75.7 3.42 β 69.4 3.44 m 69.3       
5" 3.46 α 75.8 3.48 α t (9.4) 75.6 3.46 α m 75.8       

6" 3.92, 3.77 60.1 
3.89 bd (12.1) 

3.75 dd (12.1,3.3) 60.2 
3.92 bd (12.2) 

3.76 dd (12.2, 5.1) 60.4       
*-in D2O, **-in MeOD-d3 
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Figure S3:  HR-ESI-MS spectrum of compound 1. 
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Figure S4: UV spectrum of compound 1 

 

 

 

Figure S5: Compound 1-NMR shift assignment 

 

 

 

3β-(β-D-allopyranosyloxy)-14,19-dihydroxy-5α-card-20(22)-enolide 

 

 

 

Figure S6. 1H-NMR spectrum (500 MHz, D2O) of compound 1. 
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Figure S7.   DEPTQ spectrum (125 MHz, D2O) of compound 1. 

 

Figure S8. HSQC spectrum (500 MHz, D2O) of compound 1. 
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Figure S9. 1H-1H COSY spectrum (500 MHz, D2O) of compound 1. 

 

 

Figure S10. 1H-13C HMBC spectrum (500 MHz, D2O) of compound 1. 
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Figure S11. ROESY spectrum (500 MHz, D2O) of compound 1. 

 

 

 

Figure S12. HSQC-TOCSY spectrum (500 MHz, D2O) of compound 1. 
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Figure S13. SELTOCSY spectrum (500 MHz, transmitter frequency at 3.609 ppm (H-6´), D2O) of compound 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S14. SELTOCSY spectrum (500 MHz, transmitter frequency at 3.765 ppm (H-3), D2O) of compound 1. 
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Figure S15:  HR-ESI-MS spectrum of compound 2. 
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Figure S16. UV spectrum of compound 2. 
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Figure S17: Compound 2-NMR shift assignment 
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3β-[(4-O-β-D-glucopyranosyl-β-D-allopyranosyl)oxy]-14,19-dihydroxy-5α-card-20(22)-enolide 

 

 

 

 

 

 

 

Figure S18. 1H-NMR spectrum (500 MHz, D2O) of compound 2. 
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Figure S19.   DEPTQ spectrum (125 MHz, D2O) of compound 2. 
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Figure S20. HSQC spectrum (500 MHz, D2O) of compound 2. 

 

Figure S21. 1H-1H COSY spectrum (500 MHz, D2O) of compound 2. 
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Figure S22. 1H-13C HMBC spectrum (500 MHz, D2O) of compound 2. 

 

Figure S23. ROESY spectrum (500 MHz, D2O) of compound 2. 
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Figure S24. HSQC-TOCSY spectrum (500 MHz, D2O) of compound 2. 

 

Figure S25. SELTOCSY spectrum (500 MHz, transmitter frequency at 4.87 ppm (H-1´), D2O) of compound 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S26. SELTOCSY spectrum (500 MHz, transmitter frequency at 4.45 ppm (H-1´´), D2O) of compound 2. 
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Figure S27:  HR-ESI-MS spectrum of compound 3. 
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Figure S28: UV spectrum of compound 3. 
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Figure S29: Compound 3-NMR shift assignment 
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(1R,3R,3aS,3bR,6aR,7aS,9R,11S,11aS,12aR,13aR,13bS,15aR)-13a-formyl-3,3a,11a-trihydroxy-9,15a-
dimethyl-1-(5-oxo-2,5-dihydrofuran-3-yl)icosahydro-1H,7aH-cyclopenta[7,8]phenanthro[2,3b]py-
rano[3,2-e][1,4]dioxin-11-yl β-L-glucopyranoside 

 

 

 

 

 

 

Figure S30. 1H-NMR spectrum (500 MHz, D2O) of compound 3. 
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Figure S31.   DEPTQ spectrum (125 MHz, D2O) of compound 3. 

 

Figure S32. HSQC spectrum (500 MHz, D2O) of compound 3. 
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Figure S33. 1H-1H COSY spectrum (500 MHz, D2O) of compound 3. 

 

 

Figure S34. 1H-13C HMBC spectrum (500 MHz, D2O) of compound 3. 
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Figure S35. ROESY spectrum (500 MHz, D2O) of compound 3. 

 

 

Figure S36. HSQC-TOCSY spectrum (500 MHz, D2O) of compound 3. 
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Figure S37:  HR-ESI-MS spectrum of compound 4. 
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Figure S38: UV spectrum of compound 4. 

 

Figure S39: Compound 4-NMR shift assignment 
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3β-(β-D-glucopyranosyloxy)-12β,14,19-trihydroxy-5α-card-20(22)-enolide 

 

 

 

Figure S40. 1H-NMR spectrum (500 MHz, D2O) of compound 4. 
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Figure S41.  APT spectrum (125 MHz, D2O) of compound 4. 

 

 

Figure S42. HSQC spectrum (500 MHz, D2O) of compound 4. 
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Figure S43. 1H-1H COSY spectrum (500 MHz, D2O) of compound 4. 

 

 

Figure S44. 1H-13C HMBC spectrum (500 MHz, D2O) of compound 4. 
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Figure S45. ROESY spectrum (500 MHz, D2O) of compound 4. 

 

 

Figure S46. HSQC-TOCSY spectrum (500 MHz, D2O) of compound 4. 
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Figure S47. SELTOCSY spectrum (500 MHz, transmitter frequency at 4.514 ppm, D2O) of compound 4. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S48. SELNOESY spectrum (500 MHz, transmitter frequency at 3.764 ppm (H-3), D2O) of compound 4. 
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Figure S49. SELNOESY spectrum (500 MHz, transmitter frequency at 3.223 ppm (H-17), D2O) of compound 4. 

 

 

Table S2: Cardenolides quantification (mg/g of seeds) 
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Compound 
Concentration  

(mg /g of seeds) 
1 0.014 (+/- 0.0062) 
2 0.063 (+/- 0.0038) 
3 0.053 (+/- 0.0029) 
4 0.004 (+/- 0.0009) 
5 4.503 (+/- 0.2630) 
6 2.065 (+/- 0.1930) 
7 0.733 (+/- 0.0724) 
8 0.810 (+/- 0.1570) 
9 0.275 (+/- 0.1040) 
10 0.457 (+/- 0.3020) 

 

Figure S50: Inhibition curves of Sus domesticus Na+/K+ ATPase by compounds 1,2, 5—10 and ouabain 

 

 

 

 

Table S3: IC50 values (μM) of compounds 1,2,5—10 and ouabain against porcine Na+/K+ ATPase.   
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Table S4: Comparison of IC50 values between compounds 1,2,5—10 along with ouabain, p-values adjusted 
with Bonferroni method (* p < 0.05; ** p < 0.01, *** p < 0.001).   

 1 2 5 6 7 8 9 10 Ouabain 
1  1.000 

ns 
0.347 

ns 
1.000 

ns 
1.000 

ns 
0.651 

ns 
<0.001 

*** 
0.046 

* 
1.000 

ns 
2   0.035 

* 
1.000 

ns 
1.000 

ns 
1.000 

ns 
<0.001 

*** 
0.005 

** 
1.000 

ns 
5    0.083 

ns 
0.858 

ns 
0.001 

** 
<0.001 

*** 
1.000 

ns 
0.002 

** 
6     1.000 

ns 
1.000 

ns 
<0.001 

*** 
0.011 

* 
1.000 

ns 
7      0.260 

ns 
<0.001 

*** 
0.119 

ns 
0.537 

ns 
8       0.005 

** 
<0.001 

*** 
1.000 

ns 
9        <0.001 

*** 
0.002 

** 
10         <0.001 

*** 
 

 

 

Compound IC50 [μM] 

1 1.01 x10-6 (+/- 1.20 x10-8) 

2 7.42 x10-7  (+/- 2.60 x10-8) 

5 2.98 x10-6  (+/- 1.69 x10-7) 

6 8.09 x10-7  (+/- 8.00 x10-9) 

7 1.20 x10-6  (+/- 3.6 x10-8) 

8 4.72  x10-7 (+/- 3.00 x10-8) 

9 9.65 x10-8 (+/- 6.00 x10-9) 

10 3.67 x10-6  (+/- 7.00 x10-8) 

Ouabain 4.48 x10-7  (+/- 1.1 x10-8) 


