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ABSTRACT 
Aspilia africana [PERS] C.D. Adams belong to the family of Asteraceae. It is a medicinal plant used by traditional herbal practitioners in Nigeria and some 
parts of West Africa for the treatment of various infections of bacterial origin (gonorrhea and stomach trouble). Powdered plant material was subjected to 
phytochemical screening using standard experimental procedures. Bioassay directed fractionation of the ethyl acetate soluble leaves extract has led to the 
isolation of two active compounds identified as:  trans Ethyl 3 – (3, 4 – dihydroxyphenyl) acrylate 1 and 3-(4-hydroxyphenyl)-2-oxo-2H-chromene-6-
carbaldehyde 2. The molecular structure elucidation of both compounds was carried out using spectroscopic studies (1HNMR, 13CNMR, and MS). These 
compounds were reported from this species for the first time. A DPPH spectrophotometric assay was used to evaluate the antioxidant potential of the 
compounds while their antimicrobial activities were carried out using agar diffusion and bioautography methods. Compound 1 had very strong antioxidant 
activity (EC50 14.49 ± 0.84 μM) in comparison with L-ascorbic acid (EC50 13.18 ± 0.63 μM) which was used as standard.  
Keywords:  Aspilia africana; antioxidant activity; antimicrobial activity; DPPH. 
 
INTRODUCTION 
The use of herbal medicine for the treatment of diseases and 
infections is as old as mankind. In Nigeria, many indigenous 
plants are used in herbal medicine to cure diseases and heal 
injuries. Such medicinal plants include A. africana 
(Asteraceae). A large majority of the plants in the family are 
herbaceous while tree and shrubs are comparatively rare. 
There are about 380 genera with 3000 species currently 
recognized in the family, which have yielded an astounding 
number of medicines. The Asteraceae is subdivided into 
several tribes or subgroups which have characteristic 
differences in their phytochemistry1  
A. africana is a semi-woody herb from a perennial woody 
rootstock up to 2 m high, very polymorphic and occurring 
throughout the region on wasteland of the Savanah forested 
zones and widely distributed across tropical Africa2. The 
crushed leaves and flowers are used to stop bleeding and for 
treating wounds and sores3. In Tangayika, a root decoction is 
taken for tuberculosis and in Ghana, the leaves are made into 
cough medicine for children2. In Uganda, a leaf decoction is 
taken for the treatment of gonorrhea4. 
Pharmacological reports have shown that the hexane leaf 
extract posses anti-inflammatory activity5, while the 
methanol extract has been reported to posses antiulcer effects 
in rats6. Antiplasmodial activities of the leaves extract of A. 
africana in-vitro and in-vivo have also been reported7,8.  The 
aim of this study was to carry out bioactivity directed 
phytochemical study on the leaf extract of A. africana to 
isolate, characterize and identify the antioxidant and 
antimicrobial principles of A. africana leaf. 
MATERIALS AND METHOD 
General 
Spectroscopic data were obtained from the following 
instruments: UV-Versa max® microplate reader, NMR-
Varian (1H 300 MHz, 13C75 MHz), Electro impact mass 
spectra (EI-MS)-Shimadzu 2010 gcms, L-ascorbic acid 
(Merck), DPPH 2,2-diphenyl-1-picryl hydrazyl (Sigma) and 
absolute methanol (Fluka). 
 
 

Plant Material 
The fresh leaves of A. africana were obtained from the 
campus of Obafemi Awolowo University, Ile-Ife, Nigeria in 
September, 2003, air dried at room temperature for two 
weeks. The plant was identified and authenticated by Mr. 
T.K. Odewo of the Forest Research Institute of Nigeria, 
Ibadan (FRIN) and voucher specimen was deposited at the 
FRIN Herberium, Ibadan with voucher number; FHI 107695. 
Extraction 
The air dried leaf powder (2.1 kg) of A. africana was 
exhaustively extracted with 50 % aqueous ethanol at room 
temperature for 48h. The extract was filtered, concentrated in 
vacuo to dryness to yield 134.2 g of the crude extract of A. 
africana. This was suspended in water and partitioned with n-
hexane (4 x 400 ml). The combined organic layer was 
evaporated to dryness in-vacuo to afford the hexane fraction 
(9.2 g). The resultant aqueous portion was further partitioned 
with ethyl acetate (4 x 400 ml). The combined ethyl acetate 
extracts were concentrated to dryness in-vacuo at 40oC to 
afford the ethyl acetate fraction (9.2 g). The resultant aqueous 
portion was further partitioned with n-butanol (3 x 400 ml). 
The combined butanol fractions were concentrated to dryness 
in-vacuo at 40oC to afford the butanol fraction (18.7 g).  
Isolation of the Compounds 
The ethyl acetate (EtOAc) fraction (9.2 g) was fractionated 
on silica gel column chromatography using an increasing 
gradient of dichloromethane (CH2Cl2) in hexane up to 100 %, 
followed by an increasing gradient of EtOAc up to 100 % and 
further followed by an increasing gradient of methanol 
(MeOH) up to 100 %. This gave nine pooled fractions 
AAEA-AAEI. Purification of AAEE (1.09 g) on silica gel 
column chromatography using an increasing gradient of 
CH2Cl2 in hexane up to 100 %, followed by an increasing 
gradient of EtOAc in CH2Cl2 up to 100 % afforded 
compound 1 (142 mg). Fraction AAEF (1.7 g) was further 
fractionated on silica gel column chromatography using an 
increasing gradient of CH2Cl2 in hexane up to 100 % 
followed by an increasing gradient of EtOAc in CH2Cl2 up to 
100 % and further followed by an increasing gradient of 
MeOH in EtOAc up to 20 %. This gave six pooled fractions 
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AAEF1-AAEF6. Purification of AAEF3 (542 mg) on 
Sephadex LH-20 column chromatography starting with 
Toluene with an increasing gradient of ethanol up to 100 % 
afforded compound 2 (16 mg). 
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Structure Elucidation 
Trans Ethyl 3 – (3, 4 – dihydroxyphenyl) acrylate (1).  IR 
(Nujol mull): Phenolic OH 3448 cm-1 and 3084 cm-1 br., C=O 
1673 cm-1, C=C 1614 cm-1, C-O of ester 1298 cm-1.  1H NMR 
(300 MHz, CD3OD) δ ppm: 7.5 (1H, d, J = 15.9 Hz, H-2), 6.2 
(1H, d, J = 15.9 Hz, H-3), 7.0 (1H, d, J = 2.0 Hz, H-2′), 6.7 
(1H, d, J = 7.5 Hz, H-5′), 6.9 (1H, dd, J = 2.0, 8 Hz, H-6′), 
4.2 (2H, q, H-1), 1.3 (3H, t, J = 7.1 Hz, H-2′′).  
13C NMR (75 MHz, CD3OD) δ ppm: 168.3 (C-1), 145.7 (C-
2), 114.3 (C-3), 126.7 (C-1′), 114.1 (C-2′), 145.7 (C-3′), 
148.5 (C-4′), 121.9 (C-5′), 115.5 (C-6′), 60.4 (C-1′′), 13.6 (C-
2′′). EI-MS m/z of 209 {[M]+, 100 %}. The spectra data were 
similar to that of C22 n-alkyl docosyl derivative isolated from 
Halocnemum strobilaceum9. 
3-(4-hydroxyphenyl)-2-oxo-2H-chromene-6-carbaldehyde 
(2). 1H NMR (300 MHz, acetone-d6) δ ppm: 9.6 (1H, s, H-
1′′), 8.0 (1H, d, J = 8.7 Hz), 7.9 (1H, s, ), 7.39 (1H, t), 7.36 
(1H, d, J = 0.8 Hz), 7.2 (1H, t, J = 0.9 Hz), 7.19 (1H, s), 7.08 
(1H,m), 7.02 (1H, m), 6.8 (1H, d, J = 8.0 Hz).  
13C NMR (75 MHz, acetone-d6) δ ppm: 165.85 (C-2), 126.92 
(C-3), 132.33 (C-4), 124.87 (C-5), 146.15 (C-6), 114.73 (C-
7), 115.71 (C-8), 152.17 (C-9), 108.21 (C-10), 137.2 (C-1′), 
112.32 (C-2′), 121.43 (C-3′), 122.80 (C-5′), 121.54 (C-6′), 
190.57 (C-1′′). The spectra data suggested a substituted 
coumarin derivative reported in literature10. 
Antioxidant Activity 
Qualitative Assay screening entailed spraying the TLC 
chromatograms of the partitioned fractions and the crude 
extract with 0.2 % DPPH in MeOH. This revealed the 
antioxidant behavior of the extracts. This was also repeated 
for the two compounds isolated. 
Quantitative antioxidant activity was determined 
spectrophotometrically11, with some modifications. Briefly, 
the reactions were carried out in 96-well microtitre plates and 
each compound was tested at 50.0, 25.0, 12.5, 6.25, 3.13 and 
1.56 mM in MeOH.   Fifty micro litres of each concentration 
of sample tested was mixed with 20 mL of 0.25 mM DPPH 
(2, 2-diphenyl-1-picryl hydrazyl) in MeOH and allowed to 
react at room temperature in the dark for thirty minutes. 
Blank solutions were prepared with sample solution (50 mL) 
and 20 mL of methanol only while the negative control was 
DPPH solution, 20 mL plus 50 mL methanol. The decrease in 
absorbance was measured at 515 nm on a microplate reader. 
Values obtained were converted to percentage antioxidant 
activity (AA %) using the formula:  
AA %=100-{[Abssample –Absblank) x 100]/Abscontrol} 
Where Abssample is the absorbance of the sample, Absblank is 
the absorbance of the blank and Abscontrol is the absorbance of 
the control).  L-ascorbic acid (vitamin C) was used as a 
positive control (antioxidant agent).  

The EC50 value, defined as the concentration of the sample 
leading to 50 % reduction of the initial DPPH concentration, 
was calculated from the linear regression of plots of 
concentration of the test compounds (mM) against the mean 
percentage of the antioxidant activity obtained from the three 
replicate assays. 
Statistical Analysis 
The results are expressed as mean ± SEM and the EC50 
values obtained from the regression plots (Stigma Plot® 2001, 
SPSS Science) had a  good coefficient of correlation, (r2 ³ 
0.971).  
EVALUATION OF ANTIMICROBIAL ACTIVITY 
Agar Diffusion Method 
Antibacterial activity tests were carried out using agar 
diffusion (hole-in-plate) method12. A stock solution 
concentration of 20.0 mg/ml was used with reference 
antibiotic concentration:  Streptomycin (l.0mg/ml) and 
acriflavine (6.0 mg/ml). Negative control was aqueous 
MeOH (50 %). 
The agar diffusion (hole-in-plate) method was used, with 18 
h broth cultures of the following organisms: Staphylococcus 
aureus, NCTC 6571; Escherichia coli NCTC 10418, Bacillus 
subtilis NCTC 8236 and Pseudomonas aeruginosa ATCC 
10145. A 0.5 ml of the appropriate culture was inoculated 
into 50 ml of molten and cooled nutrient agar (Oxoid). This 
was mixed, poured into the petri dish (14 cm, diameter) and 
allowed to set. Eight equidistant holes were bored in the agar 
using a sterile glass cork borer (9.0 mm, diameter) and the 
plates were incubated at 370 C for 30 minutes. A 100 μL of 
the stock solution of 20.0 mg/ml of the appropriate sample 
was each delivered into appropriately labeled hole in each 
plate and 100 μL each of streptomycin (reference antibiotic, 
positive control) and blank solvent (negative control) were 
delivered into their respective holes. Each sample was tested 
in duplicate and the plates were incubated at 4 0C for 30 
minutes to allow for diffusion and then incubated at 37 0C for 
18 hours. The diameter of the zones of inhibition was 
measured using a ruler and recorded (to the nearest mm) for 
each hole in the plates.  
Bioautography Method 
The bioautography test employs the agar overlay technique 
whereby about 100 μL of stock solution (1.0 mg/ml) of each 
extract/fraction were loaded as bands (5 mm - 7 mm) onto an 
appropriately labeled silica gel TLC plate (5 x 10 cm2), dried 
and developed in duplicates using appropriate solvent system. 
Molten agar inoculated with test organisms were spread over 
the developed thin-layer chromatographic plate (5 x 10 cm2). 
The spread agar was allowed to set on the plates and 
thereafter incubated at 37 0C for 18 h. After incubation, 
inhibition zones were made visible by spraying the plates 
with aqueous solution (2.5 mg/ml) of thiazolyl blue (methyl 
thiazolyltetrazolium chloride MTT). 
RESULT AND DISCUSSION 
Immediate bleaching of the purple DPPH colour by some 
constituents of EtOAc and BuOH fractions was observed on 
spraying TLC chromatograms of the solvent fractions of the 
crude extract with 0.2 % DPPH in MeOH. The bleaching 
effect was also observed with compound 1. The crude extract 
and the fractions showed strong antimicrobial activities 
against the type organisms; S. aureus, NCTC 6571; E. coli 
NCTC 10418 and B. subtilis NCTC 8236 in agar diffusion 
method, no activity against P. aeruginosa ATCC 10145 
(Table. 1). The two compounds isolated showed antibacterial 
activities against B. subtilis in bioautography method on 
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silica plates (Plate 1). The antimicrobial activity of compound 
1 against B. subtilis is more pronounced as shown by the area 
of inhibition on the bioautography plate compare with that of 
compound 2.  
Qualitative screening revealed the strong antioxidant potential 
of compound 1 by immediate bleaching of the purple DPPH 
colour background in the TLC autographic assay.  
In the quantitative antioxidant assay, the isolated compound 
demonstrated varying activity. Compound 1 showed 
comparable activity (EC50 =14.49 ± 0.84 µM) to L-ascorbic 
acid (EC50= 13.18 ± 0.63 µM) used as standard antioxidant 
agent while compound 2 did not show any noticeable 
antioxidant activity. 
Trans Ethyl 3 – (3, 4 – dihydroxyphenyl) acrylate 1 was 
identified by its 1H NMR and 13C NMR data (Gibbons et al., 
1999) with assignment enabled by HMQC and HMBC 
experiments. The 13C NMR spectrum of 3-(4-
hydroxyphenyl)-2-oxo-2H-chromene-6-carbaldehyde (2) 
showed nine methine carbon signals (HMQC) and seven 
correlated (HMBC) quaternary carbon signals.  The down 
field signal, δ 190.57, corresponds to an aldehyde carbonyl 
carbon.  As shown in Table 2, the HMQC spectrum confirms 
one bond correlation of 13C with 1H resonances.  Similarly, a 
quaternary carbon signal, δ 165.8 corresponds to a lactone 
carbon signal.  In addition to the HMBC assignments shown 
in Table 2, the following correlations were also observed: H-
1′′ x C-5, 7; H-2′ x C-3, 1′; H-6′ x C-3, 1′ and H-4 x C-2, 3, 
10, 1′ which have been used for the characterization of 2. 
The research work through a systematic chemical and 
biological investigation has determined and identified for the 
first time the presence of antioxidant and antimicrobial 
principles  as trans Ethyl 3 – (3, 4 – dihydroxyphenyl) 
acrylate and -(4-hydroxyphenyl)-2-oxo-2H-chromene-6-
carbaldehyde) from ethyl acetate fraction of A. africana.   
In conclusion, the plant investigated and the isolated 
compounds possessed activity against the strains of bacteria. 
The extensive use of this herbal drug by the local people in 
treating various infections might therefore be justified by its 
antimicrobial activity against different strains of bacteria, 
which are responsible for causing various infections. In 
addition to the antimicrobial activity of this plant, the strong 
antioxidant activity displayed by compound 1 suggested that 
the plant could serve as a good natural antioxidant.     
The presence of these compounds in abundance in the leaves 
extracts of A. africana could provide rationale for the use of 
this plant in folk medicine. To the best of our knowledge, 
qualitative antioxidant and antibacterial activities of trans 
ethyl cinnamate (trans Ethyl 3 – (3, 4 – dihydroxyphenyl) 
acrylate) and antibacterial activity of 4-hydroxyphenyl)-2-
oxo-2H-chromene-6-carbaldehyde are reported for the first 
time in this study.  
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Table 1: Zones of inhibition of A. africana extract and fractions (20 mg/ml) 

against selected type organism 
Test organism 1 2 3 4 5 6 

E. coli 
NCTC 10418 

15 
15 

14 
15 

13 
13 

NT 24 
26 

0 
0 

Ps. aeruginosa 
ATCC 10145 

NA NA NA NA NA NA 

Staph. aureus 
NCTC 6571 

18 
19 

15 
15 

11 
12 

NT 27 
27 

0 
0 

B. subtilis 
NCTC 8236 

13 
13 

12 
13 

10 
10 

NT 29 
28 

0 
0 

 
Key: 

Cup size: 9 mm; 1 - Hexane fraction; 2 -  EtOAc fraction; 3 - n-Butanolic 
fraction 

4 – Aqueous fraction (NT – Not tested); 5 - Streptomycin sulphate 1mg/ml 
6 - MeOH/H2O (1:1) Solvent; NA-No activity 

 
Table 2:   NMR data of compound 2 

No δC ppm DEPT δH (ppm) 
 

H-H COSY long range C-H 
HMBC 

1 - - - - - 
2 165.85 C - - 132.33 
3 126.92 C - - - 
4 132.33 CH 7.9 (s) - 108.21 
5 124.87 CH 7.2(d) 

J = 1.95Hz 
- 114.34, 190.57 

6 146.15 C - -  
7 114.34 CH 7.2 (t) H-7; H-8 124.88, 146.16, 

152.10 
8 115.71 CH 6.8 (d) H-7; H-8 114.34, 146.16, 

152.10 
9 152.17 C - -  
10 108.21 C - -  
1′ 137.20 C - -  
2′ 112.32 CH 7.3 (t) H-2′; H-3′ 121.43, 126.92 
3′ 121.43 CH 8.0 (d) H-2′; H-3′ 108.21,112.33, 

122.80, 137.20 
4′ 108.21 C - -  
5′ 122.80 CH 7.08 (m) H-5′; H-6′ 165.85 
6′ 121.54 CH 7.03 (m) H-5′; H-6′ 112.33, 121.43 
1′′ 190.57 CH 9.6 (s) - 114.34, 124.88 
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B. subtilis  vanillin/H2SO4 spray                                 B. subtilis DNP spray 

Compound 1  Compound 2 
Plate 1.   Bioautography of compounds 1 and 2 against B. subtilis type organism 
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