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ABSTRACT 

 
Senna alata is widely used in Cameroon for the treatment of several infections which include 

gonorrhoea, gastro-intestinal and skin diseases. Therefore, its leaves were investigated for antibacterial 

principles. Extraction of plant material was done with methanol, follow by partition with hexane. Separation 

and purification of compounds was done using a combination of chromatographic techniques. Isolated 

compounds were identified by means of spectroscopic methods and comparison with literature data. The 

antibacterial activity of extracts, fractions and compounds was assessed by evaluating the minimum inhibitory 

concentration (MIC) and minimum bactericidal concentration (MBC) against Multi-Drug-Resistant (MDR) 

Vibrio cholerae and Shigella flexneri. Three secondary metabolites namely kaempferol, luteolin and aloe-

emodin were isolated from methanol residue active extract. The antibacterial results showed that the MeOH 

residue extract, fractions A and C, as well as compounds 1-3 exhibited variable MIC values, depending on the 

bacterial strains. Aloe-emodin (MIC = 4 to 128 μg/mL) exhibited the highest antibacterial activity against 

MDR Vibrio cholerae and Shigella flexneri. From these results obtained, S. alata leaf could be considered as a 

natural antibacterial source due to the presence of flavonoid and anthraquinone compounds.  

© 2017 International Formulae Group. All rights reserved. 
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INTRODUCTION   

Senna alata (Linn.) Roxb. is an 

ornamental shrub belonging to the Fabaceae 

family. It grows well in intertropical areas. 

The leaves are reported to be useful in treating 

convulsion, gonorrhoea, heart failure, 

abdominal pains, oedema and are also used as 

a purgative (Owoyale et al., 2005). In 

Cameroon, information collected from 

inhabitants and traditional healers indicated 

that S. alata is used for the treatment of 

several infections including gonorrhoea, 

gastro-intestinal and skin diseases. Previous 

studies demonstrated the presence of 

antifungal anthraquinones including aloe-

emodin, rhein, emodin, and chrysophanol 

(Agarwal et al., 2000; Manojlovic et al., 2002; 

Hennebelle et al., 2009); and anthraquinone 

glycosides (sennosides) with laxative 

properties (Poppenga, 2006). These later 

compounds increase gastrointestinal motility, 

induce fluid movement in the lumen, and have 

direct irritant effects (Poppenga, 2006). 

Flavonoids and steroids have also been 

isolated from leaves, roots and stems of S. 

alata (Hennebelle et al., 2009). Previous 

works also indicated that compounds from 

these different classes have antimicrobial 

activities, especially against Salmonella typhi, 

Shigella dysenteriae, Staphylococcus spp and 

Candida spp (Ogwuche et al., 2015; Zintchem 

et al., 2015; Maloueki et al., 2015) 

Antimicrobial activity has formed basis 

of many applications, including 

pharmaceutical, row and processed food 

preservations, alternative medicine and natural 

therapies. However, overuse of antimicrobial 

drugs has become the major reason for the 

emergence and dissemination of multidrug 

resistant bacteria. Nowadays, antimicrobial 

resistance is a growing problem that 

complicates the treatment of important 

nosocomial and community-acquired 

infections. In the last few decades, this 

situation has forced scientists to search for 

new and effective antimicrobial agents from 

plants. Higher plants are ancient sources  of 

medicinal  agents  and  an  impressive  

number  of modern  drugs have been  isolated  

from natural sources; many of them based on  

their use  in traditional medicine (Houria et 

al., 2014; Ogwuche et al., 2015).                 

To the best of our knowledge, S. alata 

extracts were tested against different type of 

microorganisms (Adedayo et al., 2001; 

Hennebelle et al., 2009), but not yet tested 

against MDR bacteria strains. In  the  course  

of  our  search  of  bioactive  secondary 

metabolites  from Cameroonian  medicinal  

plants,  antibacterial-guided fractionation  of  

S. alata  MeOH residue extract was  carried  

out. We herein report the isolation and 

structure elucidation of flavonoids and 

anthraquinone from leaves of S. alata, 

monitored by antibacterial assays against 

multi-drug resistant strains of Vibrio cholerae 

and Shigella flexneri.  

 

MATERIALS AND METHODS 

Plant material 

The leaves of Senna alata (L.) Roxb. 

were collected in Maroua, Far-North region, 

Cameroon, in November 2012. The plant 

species was identified by Mr. Tapsou, a 

botanist at IRAD (Institut de Recherche 

Agricole et de Développement) of Maroua, 

Cameroon. The identification was confirmed 

at the National Herbarium, Yaoundé, 

Cameroon, by comparison with a specimen 

whose voucher number was 18572 SRF/Cam.  

 

Extraction and isolation 

The air-dried leaves (1.67 kg) of S. 

alata was powdered and extracted thrice with 

MeOH at room temperature for 48, 96, and 

164 h, respectively. The filtrate was 

evaporated to give 194.9 g of methanol 

extract. The obtained extract was partitioned 

with hexane to afford 80.7 g of hexane 

extract, and 105.1 g of MeOH residue extract. 
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Both extracts were subjected to antibacterial 

assays and the MeOH residue extract was 

found active against the tested strains. 

Part of the active MeOH residue 

extract (105.1 g) was subjected to Si gel flash 

column chromatography eluted with hexane-

acetone gradient [3:1 (6L), 1:1(4L), 1:3 (3L) 

and  acetone-MeOH gradient 10:0 (2.5L), 3:1 

(2.5L), 1:1 (3L), 1:3 (1.5L)] to give 46 

fractions of 500 mL each. These fractions 

were combined into six main fractions [A (1–

16), B (17–20), C (21–26), D (27–35), E (36–

43), F (44–46] based on their TLC profile. 

These fractions (A-F) were subjected to 

antibacterial tested and only fractions A and C 

were found active against the tested strains, 

and then subjected to further purifications.   

Fraction A (4.20 g) was subjected to Si gel 

column chromatography eluted with hexane-

acetone gradient [10:0 (1L), 98:2 (4.1L), 95:5 

(3.5L), 92:8 (0.5L), 9:1 (0.5L), 4:1 (0.9L), 3:1 

(1.1L), 7:3 (0.6L) and 13:7 (0.6L)] to give 124 

subfractions of 100 mL each. An orange 

powder was formed in subfractions 51-58, 

filtration and recristallization yielded 100 mg 

of aloe-emodin (1).  Kaempferol (2) was 

obtained as yellow powder (250 mg) from 

subfractions 100-113. Fraction C (3.24 g) was 

also subjected to CC eluted with an isocratic 

mixture, hexane-acetone-MeOH [6:4:0.1] to 

give 45 subfractions of 50 mL each. Luteolin 

(3) was obtained as yellow needles in 

subfractions 9-11. 

 

General procedure of determination of 

structure 

The high-resolution mass spectra were 

obtained with an LTQ-Orbitrap Spectrometer 

(Thermo Fisher, USA) equipped with a HESI-

II source.  The spectrometer was operated in 

positive mode (1 spectrum s-1; mass range: 

200–800) with nominal mass resolving power 

of 60,000 at m/z 400 with a scan rate of 1 Hz 

with automatic gain control to provide high-

accuracy mass measurements within 2 ppm 

deviation using an internal standard, Bis(2-

ethylhexyl)phthalate: m/z = 391.284286.  

NMR spectra were measured on 

Bruker DRX 500 spectrometer at 500 MHz 

for 1H and 125 MHz for 13CNMR, with TMS 

as internal standard; chemical shifts are given 

in  values (ppm).  

Flash column chromatography was 

performed using silica-gel 60 (Merck, 0.040–

0.063 mm). Column  chromatography  was 

run  on  Merck  silica  gel  60  (0.063–0.200  

mm)  and  TLC  was  carried  out  on  silica  

gel  GF254 pre-coated  plates  with detection  

accomplished  by  visualizing  with  a  UV  

lamp  at  254  and 365  nm,  followed  by  

spraying  with  50%  H2SO4 and  then  heating  

at 100  ºC. 

 

Antibacterial assay 

Bacterial growth conditions 

A total of six bacterial strains were 

tested for their susceptibility to plant 

extracts/compounds and these strains were 

taken from our laboratory collection (kindly 

provided by Dr. T. Ramamurthy, NICED, 

Kolkata). Among the clinical strains of Vibrio 

cholerae used in this study, strains NB2 and 

SG24(1) belonged to O1 and O139 serotypes, 

respectively. These strains were able to 

produce cholera toxin and hemolysin (Bag et 

al., 2008; Thakurta et al., 2007).  The other 

strains used in this study were V. cholerae 

non-O1, non-O139 (strains CO6 and PC2) 

(Bag et al., 2008); and Shigella flexneri 

(Acharyya et al., 2015). The V. cholerae non-

O1 and non-O139 strains, were positive for 

hemolysin production but negative for cholera 

toxin production (Bag et al., 2008). The 

American Type Culture Collection (ATCC) 

strain, Staphylococcus aureus ATCC 25923, 

was used for quality control. The bacterial 

strains were maintained on agar slant at 4 °C 

and subcultured on a fresh appropriate agar 

plates 24 h prior to any antibacterial test. The 

Mueller Hinton Agar (MHA) was used for the 
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activation of bacteria. The Mueller Hinton 

Broth (MHB) and nutrient agar (Hi-Media) 

were used for the MIC and MBC 

determinations respectively. 

 

Inocula preparation 

Suspensions of bacteria were prepared 

in MHB from cells arrested during their 

logarithmic phase growth (4h) on MHB at 37 

°C. The turbidity of the microbial suspension 

was read spectrophotometrically at 600 nm 

and adjusted to an OD of 0.10 with MHB, 

which is equivalent to 1.5 ×108 CFU/mL. 

From this prepared solution, other dilutions 

were made with MHB to yield 1 x106 

CFU/mL (Mabou et al., 2016). 

 

Determination of minimum inhibitory 

concentration (MIC) and minimum 

bactericidal concentration (MBC) 

MIC and MBC of extracts and 

compounds 1-3 were assessed using the broth 

microdilution method recommended by the 

Clinical and Laboratory Standards Institute 

(CLSI, 1997, 1999) with slight modifications.  

Each test sample was dissolved in 

dimethylsulfoxide (DMSO) to give a stock 

solution. The 96-well round bottom sterile 

plates were prepared by dispensing 180 µl of 

the inoculated broth (1x106 CFU/mL) into 

each well. Twenty microliters aliquot of the 

compounds were added. The final 

concentrations of the tested samples varied 

from 16 to 2048 µg/mL for extracts and from 

0.125 to 512 µg/mL for pure compounds. The 

final concentration of DMSO in each well was 

< 1% [preliminary analyses with 1% (v/v) 

DMSO did not inhibit the growth of the test 

organisms]. Dilutions of ampicillin and 

tetracycline served as positive controls, while 

broth with 20 µL of DMSO + medium were 

used as negative control. Plates were covered 

and incubated for 24 h at 37 °C. After 

incubation, minimum inhibitory 

concentrations (MICs) were read by observing 

and comparing the test wells with the positive 

and negative controls. The MIC value was the 

lowest concentration of the test substances 

that prevented the visible growth of the 

microorganism. Minimum bactericidal 

concentration (MBC) values were determined 

by plating 10 μL from each negative well and 

from the positive growth control on nutrient 

agar (Hi-Media) and incubated for 24 h at 37 

°C. The lowest concentrations that yielded no 

growth after this subculturing were taken as 

the MBC values. 

 

RESULTS  

Hexane and MeOH residue extracts of 

S. alata leaves were subjected to antibacterial 

assays against MDR strains.  Only MeOH 

residue extract was sensitive to the different 

microorganisms with MIC and MBC ranging 

from 512 to 2048 µg/ml (Table 1), and was 

therefore selected for further studies. MeOH 

residue extract was subjected to flash column 

chromatography and fractions obtained were 

tested. Fractions A and C were active to the 

tested microorganisms with MIC and MBC 

values ranging from 64 to 1024 µg/ml (Table 

1), and were selected for further studies. 

However, no activity was noted with fractions 

B, D, E and F against all the bacterial strains 

at the concentrations up to 2048 μg/mL. This 

finding suggests that fractionation enhanced 

the antibacterial properties of fractions A and 

C and diluted those of fractions B, D, E and F.  

Fractionation and purification of A and 

C yielded to the isolation of three bioactive 

compounds namely Aloe-emodin (1) 

(Panichayupakaranant et al., 2009), 

Kaempferol (2) (Melo et al., 2009) and 

Luteolin (3) (Lie-Chwen et al., 2015) (Figure 

1). The antibacterial activity of the isolated 

compounds was examined by broth 

microdilution assay against six bacterial 

strains. The results showed that all the isolated 

compounds exhibited variable MIC values, 

depending on the bacterial strains (Table 1).
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          Aloe-emodin (1)                                       R1 = OH, R2 = H: kaempferol (2) 

                                                                            R1 = H, R2 = OH: luteolin (3) 

 
Figure 1: Structures of isolated compounds from the MeOH residue extract of S. alata leaves. 

 

Table 1: Antibacterial activity (MIC and MBC in µg/ml) of S. alata leaf extracts and their isolated 

compounds. 

 

Samples  Inhibition 
parameters 

V. 
cholerae 
SG24 (1) 

V. 
cholerae 
CO6 

V. 
cholerae 
NB2 

V. 
cholerae 
PC2 

S. 
flexneri 
SDINT 

S. aureus 
ATCC 
25923 

MeOH residue 
extract 

MIC 2048 2048 1024 2048 1024 512 

MBC 2048 2048 2048 2048 1024 512 

MBC/MIC 1 1 2 1 1 1 
Fraction A MIC 256 512 512 1024 1024 64 

MBC 256 512 1024 1024 1024 128 

MBC/MIC 1 1 2 1 1 2 

Fraction C MIC 256 512 1024 1024 1024 256 

MBC 512 512 1024 1024 1024 256 

MBC/MIC 2 1 1 1 1 1 

1  
 

MIC 64 32 128 32 16 4 

MBC 64 32 128 64 16 4 

MBC/MIC 1 1 1 2 1 1 
2 
 

MIC 32 32 128 32 128 16 

MBC 64 32 128 64 128 16 

MBC/MIC 2 1 1 2 1 1 

3 
 

MIC 128 64 128 >512 128 32 

MBC 256 64 128 >512 256 32 

MBC/MIC 2 1 1 / 2 1 

Tetracycline  MIC 0.50 2 0.50 0.50 16 2 

MBC 1 8 2 1 32 8 

MBC/MIC 2 4 4 2 2 4 

Ampicillin  MIC 16 16 >512 >512 >512 4 

 MBC 16 16 >512 >512 >512 4 

 MBC/MIC 1 1 / / / 1 

/: not determined; Hexane fraction, fractions B, D, E and F were not active at concentrations up to 2048 μg/ml. MIC: 

minimum inhibitory concentration; MBC: minimum bactericidal concentration. 
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DISCUSSION 
The current findings revealed isolation 

of bioactive compounds of flavonoid and 

anthraquinone type, in accordance to literature 
review. Similar secondary metabolites were 

found by Zintchem et al. (2013) who 
concluded that their major biological effect on 
human health was against chronic diseases.  

The lowest MIC and MBC values of 4 
μg/mL (corresponding to the most active 

sample) were recorded on Staphylococcus 
aureus with compound 1. However, the 

highest MIC value of 2048 μg/mL was 
obtained against Vibrio cholerae SG24 (1), 
Vibrio cholerae CO6 and Vibrio cholerae PC2 

with MeOH residue extract whereas the 
highest MBC value of 2048 μg/mL was 

recorded on Vibrio cholerae SG24 (1), Vibrio 
cholerae NB2, Vibrio cholerae CO6 and 
Vibrio cholerae PC2 with the MeOH residue 

extract. A lower MBC/MIC (≤4) value 
signifies that a minimum amount of plant 

extracts/compound is used to kill the bacterial 
species, whereas, a higher value signifies the 
use of comparatively more amount of sample 

for the control of any microorganism 
(Djouossi et al., 2015; Tamokou et al., 2016; 

Mabou et al., 2016). 
The strains of Vibrio cholerae NB2, 

PC2 (Thakurta et al., 2007; Bag et al., 2008) 
and Shigella flexneri (Acharyya et al., 2015) 
included in the present study were MDR 

strains and these were resistant to commonly 
used drugs such as ampicillin, streptomycin, 

tetracycline, nalidixic acid, furazolidone, co-
trimoxazole, etc. However, these bacterial 
strains were found to be sensitive to most of 

the tested samples, suggesting that their 
administration may represent an alternative 

treatment against the V. cholerae, the 
causative agent of dreadful disease cholera 
and S. flexneri, the causative agent of 

shigellosis. Taking into account the medical 
importance of the tested bacteria, this result 

can be considered as promising in the 
perspective of new antibacterial drugs 

development. Although these compounds 
have been reported to possess antibacterial 
activities (Coopoosamy and Magwa, 2006;  

Teffo et al., 2010; Su et al., 2014; Liu et al., 

2015; Del Valle et al., 2016; Joung et al., 
2016), no study has been reported on the 
activity of these plant extracts/compounds 

against these types of MDR pathogenic 
strains. 

 
Conclusion 

The antibacterial guided isolation and 

structure elucidation of three known 
compounds namely aloe-emodin, kaempferol 

and luteolin. Aloe-emodin exhibited the 
largest antibacterial activity against MDR 

Vibrio cholerae and Shigella flexneri. From 
these results obtained, S. alata leaf could be 
considered as a natural antibacterial source 

due to the presence of flavonoid and 
anthraquinone compounds. Further, in vivo 

experiments are needed for clinical 
application in MDR Vibrio cholerae / Shigella 
flexneri infection. 
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