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ABSTRACT 

Antimicrobial potential of medicinal plants have been explored extensively these days. 

This study was carried out to evaluate the antibacterial potential from aerial parts of plant, 

called ‘Annona senegalensis’ and its constituents. Bioassay guided fractionation led to the 

isolation of four metabolites, (+)-catechin (1), (-)-anonaine (2), (-)-asimilobine (3) and 

(+)-nornantenine (4). This is the first report on the isolation of compounds 1, 3 and 4 

from this plant. Compounds 2 and 4 showed good activity, whereas 1 and 3 displayed 

weak inhibition against Streptococcus mutans (ATCC 25175). The results showed that 

compound 2 and 3 showed significant activity with a minimum inhibition concentration 

(MIC) of 0.12 and 0.25 mg/mL respectively. The present study reports for the first time 

the antibacterial activity of the extract of A. senegalensis and its constituents. As S. 

mutans is a rather resistant bacteria, the MIC obtained during the present study is 

significant.   

Antibacterial potential of alkaloids isolated from Annona senegalensis. 
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1. Introduction  

Oral diseases remain to be universal health problems and the association between oral 

diseases and bacteria is quite common. The oral cavity holds several bacterium species  

are linked to the periodontal diseases. There are few specific species found in the human 

oral cavity including Streptococcus mutans, which cause dental caries and significantly 

contribute to the tooth decay. The dental caries occurs up to 90% in school aged 

children but adults are also affected (Makunga et. al. 2008). Consequently, the search 

for plant based natural medicine from the source of traditional knowledge is still 

considered as best replacements. Therefore, the global needs for alternative medicine 

from the traditional sources are rising up day by day and many researchers are exploring 

the medicinal potential of plants these days.  

Annona senegalensis Pers. is a perennial shrub belonging to family Annonaceae, 

commonly grown in African countries including South Africa. It has been found to be 

used in traditional medicine for the treatment of various ailments. In Nigeria, the leaf 

decoction is used for fever while the root forms the major components of blends used 

for the cure of sexually transmitted ailments (Ogbadoyi et al. 2007; Suleiman et al. 

2008). Several potential metabolites and essential oils have been previously reported 

from this plant (Fatope et al. 1996). The other species of plant viz. Annona crassiflora,  

and Annona squamosal have been characterized to show biological activity for various 

ailments like malaria, cancer respectively (Lage et al. 2014, Pimenta et al. 2014, Miao et 

al. 2015). Annona diversifolia reported to show anticonvulsant and antidepressant 

activity, however, alkaloid content in Annona diversifolia is reported to influence 

seedling during diurnal periods (Gonzalez-Trujano et al. 2006, Orozco-Castillo et al. 

2016).    
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 2. Results and discussion 

 2.1 Identification of isolated compounds 

The identification of isolated alkaloids was done using previously reported 

spectroscopic data. Four compounds isolated from the methanol extract of aerial parts of 

A. senegalensis were identified as catechin (Dong et al. 2011), nornantenine 

(Vendramin et al. 2013), anonaine and asimilobine (Fofana et al. 2013) (Figure 1). 

Catechin is a known secondary metabolite which has been previously isolated from 

many plant species including green tea (Dong et al. 2011). However, this is the first 

report on the isolation of catechin from the plant, A. senegalensis. Whereas, anonaine 

has been previously isolated from the chloroform extract of leaves and bark of A. 

senegalensis (Fofana et al. 2013). Similarly, asimilobine has been previously isolated 

from the other plants but has not reported from any plant part of A. senegalensis. The 

compound nornantenine also has not been previously reported from this plant. To the 

best of our knowledge, the compounds, catechin, asimilobine and nornantenine have 

been isolated for the first time from the plant A. senegalensis. 
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Figure 1. Structures of isolated compounds, 1-4 from A. senegalensis. 

 

2.2 Antimicrobial activity of crude extract and isolated compounds 

The methanol extract showed significant antibacterial activity against S. mutans with 

MIC value of 2 mg/ml. The ethanol extract from the bark of A. senegalensis exhibited 

an MIC of 12.5 mg/ml in our evaluation conducted earlier. Four compounds tested 

showed moderate antibacterial activity. Anonaine was the most significant alkaloid with 
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MIC value of 0.12 mg/ml followed by the compound, Nornantenine which showed an 

MIC of 0.25 mg/ml. Catechin and Asimilobine showed weak activity with MIC of 2.0  

mg/ml. Chlorhexidine (CHX) used as a standard drug, displayed the MIC 0.004 mg/ml 

in present study. The inhibitory effect of different types of catechins on S. mutans have 

been previously reported by many scholars (MIC ranging from 50-1000 μg/ml) (Taylor 

et al. 2005), while in our study it displayed an MIC of 2.0 mg/ml against S. mutans. In 

addition, several research groups previously reported the antibacterial activity of these 

compounds against various pathogenic bacteria viz. Staphylococcus aureus, S. 

epidermidis, Bacillus cereus, K. rhizophila, Microsporum gypseum and Tricophyton 

rubrum (Paulo et al. 1992, Taylor et al. 2005, Costa et al. 2016).  

 

This the first report on the antibacterial activity of A. senegalensis from the aerial parts 

of the plant and its isolated compounds anonaine, asimilobine and nornantenine against 

S. mutans. To the best of our knowledge, all the three alkaloids isolated in present study 

have been tested for the first time against S. mutans (ATCC 25175) strain. 

 

3. Conclusion  

The results of the present study reports on the in vitro antibacterial activity of isolated 

alkaloids and flavonoid against bacterial strain, Streptococcus mutans (ATCC 25175). 

The compound, anonaine (0.12 mg/ml) displayed the best activity followed by the 

asimilobine (0.25 mg/ml) in micro dilution assay. These results indicated the 

antibacterial potential of traditionally used medicine for the prevention and treatment of 

oral problems and other ailments. 

 

Acknowledgements 

The authors thank University of Pretoria and National Research Foundation (NRF) for 

the financial supports. 

 

Disclosure statement 

No potential conflict of interest was reported by authors. 

 

 

 

 



6 

 

References 

Costa EV, da Cruz PEO, de Lourenco CC, de Souza Moraes VR, de Lima Nogueira PC, Salvador MJ. 

2013. Antioxidant and antimicrobial activities of aporphinoids and other alkaloids from the bark 

of Annona salzmannii A. DC.(Annonaceae). Nat Prod Res.27:1002-1006. 

Dong JJ, Ye JH, Lu JL, Zheng XQ, Liang YR. 2011. Isolation of antioxidant catechins from green tea and 

its decaffeination. Food Bioprod Process.89:62-66. 

Fatope MO, Audu OT, Takeda Y, Zeng L, Shi G, Shimada H, McLaughlin JL. 1996. Bioactive ent-

kaurene diterpenoids from Annona senegalensis. J Nat Prod.59:301-303. 

Fofana S, Ziyaev R, Diallo SK, Camara M, Aripova SF. 2013. Alkaloids of Annona senegalensis. Chem 

Nat Compd.49:587-588. 

Gonzalez-Trujano ME, Tapia E, Lopez-Meraz L, Navarrete A, Reyes-Ramirez A, Martinez A. 2006. 

Anticonvulsant Effect of Annona diversifolia Saff. and Palmitone on Penicillina induced 

Convulsive Activity. A Behavioral and EEG Study in Rats. Epilepsia.47:1810-1817. 

Lage GA, Medeiros FdS, Furtado WndL, Takahashi JA, Filho JDdS, Pimenta LcPS. 2014. The first 

report on flavonoid isolation from Annona crassiflora Mart. Nat Prod Res.28:808-811. 

Makunga NP, Philander LE, Smith M. 2008. Current perspectives on an emerging formal natural products 

sector in South Africa. J Ethnopharmacol.119:365-375. 

Miao Y, Xu X, Yuan F, Shi Y, Chen Y, Chen J, Li X. 2015. Four cytotoxic annonaceous acetogenins 

from the seeds of Annona squamosa. Nat Prod Res.30:1273-1279. 

Ogbadoyi EO, Abdulganiy AO, Adama TZ, Okogun JI. 2007. In vivo trypanocidal activity of Annona 

senegalensis Pers. leaf extract against Trypanosoma brucei brucei. J Ethnopharmacol.112:85-89. 

 

Orozco-Castillo JA, Cruz-Ortega R, Martinez-Vazquez M, Gonzalez-Esquinca AR. 2016. Aporphine 

alkaloid contents increase with moderate nitrogen supply in Annona diversifolia 

Saff.(Annonaceae) seedlings during diurnal periods. Nat Prod Res.1-6. 

Paulo MadQ, Barbosa-Filho JM, Lima EO, Maia RF, de Cassia R, Barbosa BBC, Kaplan MAC. 1992. 

Antimicrobial activity of benzylisoquinoline alkaloids from Annona salzmanii DC. J 

Ethnopharmacol.36:39-41. 

Pimenta LcPS, Garcia GM, GonÃ§alves SGdV, DionÃsio BrL, Braga ÃrM, Mosqueira VCF. 2014. In 

vivo antimalarial efficacy of acetogenins, alkaloids and flavonoids enriched fractions from 

Annona crassiflora Mart. Nat Prod Res.28:1254-1259. 

Suleiman MM, Dzenda T, Sani CA. 2008. Antidiarrhoeal activity of the methanol stem-bark extract of 

Annona senegalensis Pers. (Annonaceae). J Ethnopharmacol.116:125-130. 

Taylor PW, Hamilton-Miller JMT, Stapleton PD. 2005. Antimicrobial properties of green tea catechins. 

Food Sc Technol Bull.2:71. 

Vendramin ME, Costa EVa, dos Santos ÃlP, Pinheiro MLcBm, Barison A, Campos FR. 2013. Chemical 

constituents from the leaves of Annona rugulosa (Annonaceae). Biochem Syst Ecol.49:152-155. 

 

 

 



7 

 

SUPPLEMENTARY MATERIAL 

 

Experimental 

1 Microbial strain and cell culture 

The microorganism used in this study was Streptococcus mutans (ATCC 25175, 

Anatech Company, Johannesburg). Bacteria were grown in Casein-peptone Soymeal-

peptone (CASO) Broth (Merck Chemicals (Pty) Ltd Wadeville, South Africa) enriched 

with 1% sucrose (Merck Chemicals (Pty) Ltd Wadeville, South Africa) under anaerobic 

conditions in an anaerobic jar with Anaerocult
® 

A (Merck Chemicals (Pty) Ltd 

Wadeville, South Africa), at 37 °C for 24 hours. Sub culturing was done once weekly 

on (CASO) Agar. 

2 Plant material and chemicals 

Aerial parts of the plant A. senegalensis were collected from the campus of University 

of Pretoria. A voucher specimen (PRU 074974) was deposited for future reference at 

H.G.W.J Schwelckerdt Herbarium, Department of Plant Science, University of Pretoria, 

Pretoria. The collected plant material was washed with distilled water and shade dried. 

All the chemicals and solvents were purchased from Sigma-Aldrich and Merck SA Pty 

Ltd. Silica gel 60 (70-230 mesh) and Sephadex LH-20 purchased from Sigma-Aldrich 

for column chromatography. 

3 Extraction and isolation of compounds 

The dried and powdered plant material (650 g) was extracted with 2.5 liters of methanol 

for 36 h on a shaker. The filtrate was collected, then evaporated under reduced pressure 

at 40 °C using a rotary evaporator. The crude methanol extract was (27.40 g) partitioned 

using ethyl acetate and water. The water layer was again partitioned using n-butanol and 

water soluble fraction. Three major fractions were obtained; ethyl acetate (AS-e) 6.99 g, 

n-butanol (AS-b) 17.60 g and H2O fractions (AS-w) 5.33 g, were obtained. The EtOAc 

fraction (6.99 g) was subjected to silica gel column using n-hexane- EtOAc-MeOH as 

eluents in increasing order of polarity. Similar fractions were pooled based on the TLC 

profile, which resulted in a total of six fractions (AS-e-1 to AS-e-6). During 

investigating the antibacterial activity of these major fractions, fraction AS-e-3 and AS-

e-6 were proven to be better than the other fractions (Table S1). Fraction AS-e-3 (1.40 



8 

 

g) was subjected to silica gel column chromatography using hexane-EtOAc-MeOH as 

eluents of increasing polarity. Sub-fraction 2 afforded compound 1 (0.12 g, 0.01% of 

dry plant material) using another column when CHCl3-MeOH was used as eluents. 

Fraction AS-e-6 (0.63 g) was subjected to repeated column on silica gel using CHCl3-

MeOH as eluents which afforded compound 2 (0.05 g, 0.008% of dry plant material). 

The n-butanol fraction (17.60 g) was subjected to silica gel column which resulted in 

four main fractions (AS-b-1 to AS-b-4). The most active fraction (Table S1) AS-b-3 

(0.69 g) was subjected to repeated columns on silica gel using CHCl3-MeOH as eluents, 

which afforded compound 3 (0.02 g, 0.003% of dry plant material) and compound 4 (18 

mg, 0.002% of dry plant material).  

4 Identification of isolated compounds 

The bioassay guided fractionation of the methanol extract of A. senegalensis (Table S1), 

resulted in the isolation of four compounds, one flavonoid and three alkaloids. 
1
H and 

13
C NMRs of all the samples were recorded on (600 MHz) and (150 MHz), respectively. 

Structural assessment of these compounds was done by HR-MS, 
1
H and 

13
C NMR 

spectroscopic data (Fig S1 and S2). The compounds obtained in this study which were 

Catechin (1) Anonaine (2), Nornantenine (3) and Asimilobine (4) were identified based 

on the spectral analysis as well as comparison with respective literature reports (Fig. 1), 

To the best of our knowledge, compounds 1, 3 and 4 have been isolated from aerial 

parts of A. senegalensis for the first time.  

5 Antibacterial activities of extract and isolated compounds 

The microdilution technique using 96 well micro-plates, as described by Eloff (1998) 

was used with some modification for antibacterial bioassay to obtain the MIC values of 

the crude extracts, major fractions and pure compounds against the microorganism in 

the present study. All the major fractions of A. senegalensis and compounds were 

dissolved in 10% DMSO to make up a stock solution of 25 mg/ml. One hundred 

microlitres (100µl) of the stock solution was serially diluted in the 96-well plate to give 

final concentrations ranging from 12.5 -0.1 mg/ml for the extracts and 2 – 0.015 mg/ml 

for the pure compounds.  After which 100µl of 24 hours old bacteria (3×10
8 

cfu/ml) 

grown at 37°C were added to the plates  and incubated for a further 24hours at 37°C . 

The positive drug control 1.25% v/v chlorhexidine gluconate (CHX) (Dental 

Warehouse, Sandton, South Africa), ranged from 0.62 - 4.8 x 10
-4

% v/v. Microbial 
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growth was indicated by adding 40µl PrestoBlue to micro-plate wells. MIC was defined 

as the lowest concentration that inhibited PrestoBlue from changing to pink from blue, 

an indication of bacterial growth (Lall et al. 2013). 

 

Figure S1. 
1
H NMR of Catechin  

 

Figure S2. 
13

C NMR of Catechin  
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Figure S3. 
1
H NMR of Anonaine  

 

Figure S4. 
13

C NMR of Anonaine  

 

Figure S5. 
1
H NMR of Asimilobine  
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Figure S6. 
13

C NMR of Asimilobine  

 

Figure S7. 
1
H NMR of Nornantenine  

 

Figure S8. 
13

H NMR of Nornantenine 
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Table S1. The minimum inhibitory concentration of major fractions of methanol extract 

of A. senegalensis and its isolated compounds against Streptococcus mutans  

S.N. Fractions/Samples  MIC
a
 (mg/ml) 

  Crude extract 12.5 

  as-b-3 0.4 

  as-e-5 12.5 

  as-e 3.125 

  as-w 12.5 

  as-e-6 0.8 

  as-e-3 3.125 

  as-b 6.25 

  as-e-1 12.5 

  Catechin (1) 2.0 

  Anonaine (2) 0.125 

  Nornantenine (3) 2.0 

  Asimilobine (4) 0.25 

  Chlorhexidine (CHX)
b
 0.004 

   
a
MIC- Minimum Inhibitory Concentration  

  
b
Chlorhexidine (CHX)- Standard used 
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