Antibacterial potential and mechanism of action of botanicals and phytochemicals from Stachytarpheta cayennensis (Verbenaceae) against Gram-negative multidrug-resistant phenotypes expressing efflux pumps
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Supplementary files

SF 1. Tables showing the fractionation and purification of Stachytarpheta cayennensis
Table S1. Fractionation of S. cayennensis crude extract (SC)
	Solvent systems
	Fractions
	Fractions grouping

	n-hexane-EtOAc
	
	

	100 : 00
	1 - 7
	1 - 15 (SCa)

	90 : 10
	8 - 15
	

	80 : 20
	16 - 25
	16 - 43 (SCb)

	70 : 30
	26 - 35
	44 - 75 (SCc)

	60 : 40
	36 - 45
	

	50 : 50
	46 - 59
	

	00 : 100
	60 - 79
	76 – 95 (SCd)

	MeOH
	
	

	100 : 00
	80 - 95
	


Table S2. Purification of fraction CSc
	Solvent systems
	Remarks and isolated products

	n-hexane-EtOAc
	

	100 : 00
	Complex mixture



	95 : 05
	

	90 : 10
	mixture of β-sitosterol and stigmasterol (1 and 2, 21 mg )

	85 : 15
	ursolic (4, 10 mg) and oleanolic acids (5, 15 mg)

	80 : 20
	

	75 : 25
	

	70 : 30
	

	75 : 35
	

	60 : 40
	

	00 : 100
	β-sitosterol 3-O-β-D-glucopyranoside (3, 16.5 mg)

	MeOH
	

	100 : 00
	Complex mixture


SF 2. 1H, 13C NMR and major chemical shifts of studied compounds
· Compounds 1 (β-sitosterol) and 2 (stigmasterol) 
Mixture of β-sitostérol (1), C29H50O; (m/z 414) and stigmasterol (2), C29H48O, (m/z 412). White powder. Compound 1: 13C NMR (CDCl3, 150 MHz): δC (ppm) 12.2, 12.5, 19.1, 19.5, 20.1, 21.5, 24.4, 29.4, 29.7, 31.7, 31.9, 36.5, 37.2, 39.7, 40.6, 42.2, 42.3, 50.2, 51.2, 55.9, 56.8, 71.8, 121.7 and 140.9. Compound 2: 13C NMR (CDCl3, 150 MHz): δC  (ppm) 12.2, 12.5, 19.1, 19.5, 20.1, 21.5, 22.7, 24.4, 25.4, 29.4, 29.7, 31.7, 31.9, 36.5, 37.2, 39.7, 40.6, 42.2, 42.3, 50.2, 51.2, 55.9, 56.8, 71.8, 121.7, 129.3,  138.5 and 140.9 [9].
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FIGURE I. 13C NMR (CDCl3, 150 MHz) of compounds 1 and 2
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FIGURE II. 1H NMR (CDCl3, 600 MHz) of compounds 1 and 2

· Compound 3 (β-sitosterol 3-O-β-D-glucopyranoside)

 β-sitosterol 3-O-β-D-glucopyranoside, C35H60O6; (m/z 576). White powder.13C NMR (CDCl3): δC (ppm) 11.7, 11.9, 18.8, 19.0, 19.2, 19.8, 21.1, 23.2, 24.3, 26.1, 28.3, 29.2, 30.0, 31.8, 31.9, 34.0, 36.2, 36.7, 37.2, 39.1, 39.7, 42.2, 45.8, 50.1, 56.0, 56.6, 62.6, 71.4, 75.1, 77.8, 78.4, 102.4, 121.7, 140.7. 1H NMR (CDCl3): δH (ppm) 5.25 (1H, d, J = 4.6 Hz), 4.97 (1H, d, J = 7.7 Hz), 4.48 (1H, dd, J = 2.1, 11.7 Hz), 4.33 (1H, dd, J = 5.2, 11.7 Hz), 4.23 (1H, m), 4.21 (1H, m), 3.97 (1H, pseudo-t, J = 8.2 Hz), 3.90 (1H, m), 3.85 (1H, m), 0.88 (3H, d, J = 6.4 Hz), 0.83 (3H, s), 0.80 (3H, t, J = 7.6 Hz), 0.77 (3H, d, J = 7.8 Hz), 0.76 (3H, d, J = 6.89 Hz), 0.55 (3H, s).
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      FIGURE III. 13C NMR (DMSO, 100 MHz) of compound 3
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FIGURE IV. 1H NMR (DMSO, 400 MHz) of compound 3

· Compound 4 (ursolic acid )
White powder 13C NMR (C5D5N, 125 MHz): δC (ppm)  38.9, 27.9, 78.8, 39.2, 55.7, 18.6, 33.4, 39.7,  47.6, 37.1, 23.2, 125.3, 139.1, 42.0, 28.5, 27.7, 47.6, 53.4, 39.3, 39.2,30.9,37.0, 28.6 ; 15.4,16.4, 17.3, 23.7, 179.6,17.3, 21.2. 1H NMR (C5D5N, 500 MHz): δH (ppm) 1.48 (2H, m), 2.06 (2H, m), 3.41 (1H, dd, J = 11.0 and 6,0 Hz), 0.79 (1H, m), 1.48 (2H, m) 1.40 (2H, m), 1.57 (1H, m), 0.88 (2H, m), 5.40 (1H, sl), 1.77 (2H, m),1.92 (2H, m), 2.60 (1H, d, J = 12.0 Hz),1.49 (1H, m), 0.89 (1H, m), 2.26 (2H, m), 1.17 (2H, m), 1.19 (3H, s), 0.80 (3H, s), 0.98 (3H, s), 0.99 (3H, s), 1.18 (3H, s), 0.96 (3H, d, J = 6.0 Hz), 0.88 (3H, d, J = 7.1 Hz).
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FIGURE V. Full 13C NMR spectrum (C5D5N, 125 MHz) of ursolic acid (4)
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FIGURE VI. Full 1H NMR spectrum (C5D5N, 500 MHz) of ursolic acid (4)
· Compound 5 (oleanoic acid) 

White powder 13C NMR (DMSO-d6, 100 MHz): δC (ppm) 38.0, 26.9, 76.9, 38.3, 54.8, 17.9, 32.3, 38.8, 47.0, 36.5, 22.5, 121.4, 143.7, 41.2, 27.1, 22.8, 45.6, 40.7, 45.4, 30.3, 33.3, 32.0, 28.1, 15.0, 15.8,16.7, 25.5, 178.5, 32.9, 23.3. 1H NMR (DMSO-d6, 400 MHz): δH (ppm) 1.43 (1H, m), 0.88 (1H, m),  0.98 (1H, m), 1.37 (1H, m), 2.87 (1H, m), 0.64 (1H, m), 1.87 (1H, m), 1.66 (1H, m), 1.57 (2H, m), 1.90 (1H, m), 2.31 (2H, m), 5.14 (1H, sl), 2.41 (2H, m), 1.85 (2H, m),  2.74 (1H, dd ; J = 13.6 and 4.0 Hz), 1.07 (1H, m), 1.55 (1H, m), 1.63 (1H, m), 1.56 (1H, m), 2.17 (1H, m), 1.80 (1H, m), 1.25 (3H, s), 1.07 (3H, s),  0.65 (3H, s), 0.84 (3H, s), 1.46 (3H, s), 0.87 (3H, s), 0.70 (3H, s). 
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FIGURE VII. Full 13C NMR spectrum (DMSO-d6, 100 MHz) of oleanoic acid (5)  
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FIGURE VIII. Full 1H NMR spectrum (DMSO-d6, 400 MHz) of oleanoic acid (5) 

�Should be arranged as the first one





