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ABSTRACT 
 

A new luteoyl derivative, 1-O-galloyl-6-O-luteoyl-β-D-glucopyranoside, together with five known compounds were 
isolated from the methanol leaf extract of Alchornea cordifolia. The chemical structures of these compounds were 
confirmed by 1D and 2D NMR and HRMS analyses. The compounds exhibited significant antioxidant activity with 
IC50 values in the range of 1.56 to 3.11 μg/ml. Some of the activities were comparable to that of ascorbic acid (IC50 
value of 1.56 μg/ml). The compounds also exhibited good antimicrobial activity against Escherichia coli with MIC 
values in the range of 105 to 180 μg/ml. The fraction from which these compounds were isolated, however, showed 
broad spectrum antimicrobial activity comparable to ciprofloxacin. This fraction also showed no toxicity against Hep 2 
cell lines. In conclusion, extract of A. cordifolia leaves and the isolated compounds exhibited very strong anti-oxidant 
as well as antimicrobial activity. These activities further support the ethnomedicinal uses of this plant material. 
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INTRODUCTION 
 

Compounds from plants have continued to be a 
source of inspiration for the development of novel 
therapeutic drug molecules. Over the years, the 
indigenous people have used herbal medicines for 
treatment of  a variety of ailments. In some cases, 
these herbs used in their crude forms, exhibited 
therapeutic efficacies comparable to orthodox 

medicine. However, due to the need for 
standardization vis á vis dosage, the extracts are 
usually further purified up to the point of associating 
their therapeutic effects to defined chemical entities.  
Alchornea cordifolia Schum-Thron (Euphorbiaceae) 
leaves have been used in ethnomedicine for a variety 
of ailments including inflammatory disease states and 
disorders associated with microbial infection. Extracts 
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of A. cordifolia leaves were shown to exhibit 
antibacterial activity comparable to ampicillin in the 
management of otitis media [1]. Several 
pharmacological investigations have been carried out 
to validate some of the claimed ethnomedicinal uses 
of the plant material. The anti-inflammatory [2,3], 
hepatoprotective [4], immunomodulatory [5], anti-
bacterial [6,7] and anti-moluscidal activities [8] of the 
plant material are well documented. A few 
constituents responsible for the observed activities 
have also been described in the literature. The topical 
anti-inflammatory effect was attributed to the 
presence of eugenol, triterpenoids, daucosterol, 
acetyl aleuritolic acid and beta-sitosterol [9-11]. 
Smooth muscle relaxing flavonoids were also 
reported from the leaves of the plant [12]. Our 
literature survey, however, showed that till date, there 
is no study that has associated the antimicrobial 
and/or the antioxidant activities of this plant species to 
defined chemical compounds. This observation, 
together with our quest to further source novel 
therapeutic lead molecules from Nigerian medicinal 
plants, stimulated our interest to investigate this plant 
material for its antioxidant and antimicrobial 
potentials.    
In the present study, we isolated and characterized 
some phenolic compounds from the plant material, 
which exhibited good antioxidant and antimicrobial 
potentials. Of particular interest is the isolation and 
structure elucidation of a new luteoly glucoside that 
has not been previously reported. 

 

MATERIALS AND METHODS 
 

General experimental procedures 

NMR spectra (1H, 13C, DEPT, HSQC amd HMBC) 
were recorded on AVANCE DMX 600 NMR 
spectrometers (Bruker, Rheinstetten, Germany). MS 
(ESI) and HRMS (ESI) were obtained with Finnigan 
LCQ Deca (Thermoquest, Bremen, Germany) and 
Maxis 4G 20213 mass spectrometers respectively. 
Analytical HPLC was carried out with a Dionex P580 
HPLC system (Dionex Softron, Germering, Germany) 
coupled to a photodiode array detector (UVD340S).  
Routine detection was at 235, 254, 280 and 354 nm. 
The separation column (125 X 4 mm, length X internal 
diameter) was prefilled with Eurospher-10 C18 
(Knauer, Berlin, Germany), and a linear gradient of  
nanopure water (adjusted to pH 2 by addition of 
formic acid) and methanol was used as eluent. 

Semipreparative HPLC was performed with Merck 
Hitachi L-7100 (Merck/Hitachi, Germany) coupled to a 
UV detector (L-7400). A linear gradient of HPLC 
grade methanol and nanopure water was used for 
separation. Vacuum Liquid Chromatography (VLC) 
was carried out on silica gel (230-400 mesh, Merck), 
Sephadex LH-20 was used for CC while TLC was 
performed on silica gel G254 coated plates (Merck) 
using the following solvent systems: DCM-MeOH (9:1 
and 4:1).  
 

Plant material 

The leaves of Alchornea cordifolia were collected in 
February, 2012 from Nsukka, Enugu State, Nigeria. 
The plant material was collected and authenticated by 
Mr Alfred Ozioko of Bioresources Development and 
Conservation Centre. A voucher specimen has been 
deposited at the herbarium of Department of 
Pharmacognosy, University of Nigeria, Nsukka, 
Enugu State, Nigeria under the herbarium number 
012/01. The leaves were air dried for 10 days and 
pulverized using a laboratory scale slow speed 
electric blender. 
 

Extraction and fractionation 

About 500 g of pulverized dried leaves of Alchornea 
cordifolia were extracted with 5 L of MeOH under 
continuous stirring with magnetic stirrer for 48 h at 
room temperature (25°C) and the extract 
concentrated in vacuo with a rotary evaporator to 
obtain a dark green semisolid. The dried extract (30 g,  
6% w/w) was reconstituted in 20 mL of methanol and 
the dispersion made up to 200 mL with water, 
sonicated for about 10 min and subsequently 
partitioned successively with hexane (750 mL X 3), 
ethyl acetate (750 mL X 3) and n-butanol (500 mL X 
2). All fractions were taken to dryness using rotary 
evaporator to obtain approximately 11.0 g ( 2.2% w/w) 
of HF, 9.6 g (1.9% w/w) of EF, 10.8 g (2.16 % w/w) of 
BF and 5.0 g (1% w/w) of WF respectively. About 5 g 
of ethyl acetate fraction (EF) was subjected to VLC 
(silica gel 500 g, sintered funnel 5 L) eluting with 500 
mL each of hexane:ethyl acetate (100:0, 90:10, 80:20, 
70:30, 60;40, 50:50, 40:60, 30:70, 20:80, 10:90, 
0:100) and dichloromethane:MeOH (100:0, 90:10, 
80:20, 60:40, 50:50, 40:60, 30:70, 20:80, 10:90, 
0:100) resulting in 22 fractions EF1 to EF22. The 
quantities obtained from fractions EF1 to EF9 were 
very small compared to the other fractions and as 
such no further work was continued with these 
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fractions. HPLC analysis showed that fractions EF10 
to EF16 contained the same constituents at varying 
quantities. Similarly, HPLC analysis showed that 
fractions EF17 to EF22 contained the same 
constituents at varying quantities. The latter fractions 
which showed good antioxidant and antimicrobial 
activities were separated on Sephadex LH-20 column 
( 3 X 60 cm) eluted with 100% methanol and finally 
purified by semi-preparative reverse phase HPLC to 
obtain compounds 1 (15 mg), 2 (2 mg), 3 (3 mg), 4 
(2.5)  and 5 (6 mg) 
 
Compound 1: Yield 15.0 mg: light brown powder; UV 
(PDA): λmax 224 and 270 nm; 1H NMR (600 MHz, 
DMSO-d6): δ: 7.02 (2H, s, H-2'/6'), 6.50 (2H, s, H-
5''/5'''), 6.21 (1H, d, J=7.3, H-1), 3.88 (1H, dd, J=7.4, 
H-2), 4.59 (1H, m, H-3), 4.22 (1H, m, H-4), 4.35 (1H, 
t, J=8.1, H-5), 4.25 (1H, dd, J=10.9, Ha-6), 3.94 (1H, 
dd, J=8.7, 10.9, Hb-6); 13C NMR (150 MHz, DMSO-
d6): δ: 92,2 (d, C-1), 71.7 (d, C-2), 77.6 (d, C-3), 62.1 
(d, C-4), 76.4 (d, C-5), 64.0 (t, C-6), 118.7 (s, C-1'), 
108.7 (d, C-2'/6'), 145.6 (s, C-3'/5'), 139.0 (s, C-4'), 
164.8 (s, C-7'), 115.5 (s, C-1''), 144.8 (s, C-2''/2'''), 
135.4 (s, C-3''), 145.0 (s, C-4''), 106.1 (d, C-5''), 123.9 
(C-6''), 167.1 (s, C-7''), 115.8 (s, C-1'''), 135.6 (s, C-
3'''), 144.3 (s, C-4'''), 106.9 (d, C-5'''), 123.6 (s, C-6'''), 
166.7 (C-7'''); MS (ESI+): m/z = 657 [M+Na]+, 464.8 
[M-galloy+H]+; MS (ESI-): m/z =633.2 (M-1]-, 463.2 
[M-galloy-1]-, 301 [M-galloy-glucosyl-1]-; HRESIMS: 
calcd. for C27H22O18 [M+Na] + 657.0698; found 

657.0685 [M+Na]⁺. 
 

Cytotoxicity assay 
 

The human larynx carcinoma cell line HEp-2 
(Invitrogen, Germany) was maintained in Dulbecco’s 
modified Eagle’s medium (DMEM) containing 5% fetal 
calf serum (FCS) and penicillin/streptomycin (100 
U/mL) as previously described [13]. Effect of the 
active fraction (ACL-Active) on the viability of this cell 
line was determined by a MTT cell viability assay. 
HEp-2 cells (Human Larynx carcinoma cell line) 
seeded in a 96-multiwell plate and cultured in DMEM 
containing increasing concentrations of test sample 
were incubated at 37oC in 5% CO2 for 48 h. The 
culture medium was replaced with fresh medium 
containing 50 µL of MTT (5 mg/mL) and incubated 
further for 1 h to allow the formazan production. After 

that the MTT containing medium was aspirated and 
200 µL of DMSO was added to lyse the cells and 
solubilize the water insoluble forma zone [14]. The 
optical density of lysates were determined at 550 nm 
using a multiwellmicroplate reader and the 
concentration of 90% cellular toxicity (TC90) 
determined by simple regression analysis. 
 
Antimicrobial assay 
Antimicrobial activity of the compounds was screened 
on laboratory strains of bacteria and fungi using 

previously reported protocols [15]  
 

Antioxidant assay 

The anti-oxidant activity of the compounds were 
screened as previously reported [16] 
 

 

RESULTS & DISCUSSION 

The crude methanol extract of A. cordifolia leaves 
was fractionated into hexane (HF), ethyl acetate 
(EF), butanol (BF) and water (WF) fractions by 
liquid-liquid fractionation. The ethyl acetate 
fraction, which exhibited very strong antioxidant 
and antimicrobial activities, was further separated 
on VLC column and the active fractions were 
subjected to Sephadex LH-20 gel 
chromatography and semi-preparative reverse 
phase HPLC to obtain the new compound (1) and 
five known compounds (2a/b -5).  
Compound 1 was obtained as light brown 
powder. It showed UV maxima at 224 and 270 
nm. LC-ESIMS of 1 exhibited strong peaks at m/z 
657.0 [M+Na]+ in the positive mode and at m/z 
633.2 [M-H]- in the negative mode, which is 
consistent with the molar mass of 634 g/mol. The 
molecular formula was established as C27H22O18 
based on the HR-ESIMS pseudomolecular ion 
peak at m/z 657.0685 [M+Na]+. ESI-MS/MS 
showed fragments from loss of gallic acid m/z 
464.8 [M-170+H]+ and subsequent loss of a 
hexose sugar  m/z 303 [M-170-162+H]+.  
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Figure 1: The chemical structures of the isolated compounds  
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The galloyl moiety was further confirmed by the 
proton NMR signal at δH 7.02 (s, 2H) assigned to H 
2'/6' of gallic acid residue. The presence of the 
hexose unit was also confirmed by the signals at δH 
6.21 (d, J=7.3, 1H) assignable to the anomeric proton 
(H-1), which showed set of correlations with the other 
sugar protons in the COSY spectrum. Comparison of 
the proton and C-13 NMR of the sugar moiety with 
previous NMR data [17-19] suggested that the sugar 
was glucose and the coupling constant of the 
anomeric proton (J=7.3) supported a βD 
glucopyranoside configuration. The linkage of the 
glucose and the galloyl moiety was determined to be 
between the C-1 of the glucose moiety and the C-7' of 
the galloyl moiety based on the cross peaks observed 
in the HMBC spectra. The signals at δH 6.50 s (1H) 
and 6.56 s (1H) assignable to H-5'' and H-5''' 
respectively and together with the observed 
correlations in the HMBC spectrum suggested the 
presence of luteoyl moiety (partial open ring form of 
ellagic acid). The linkage of the luteoyl moiety was 
similarly determined to be between the C-6 of the 
glucose moiety and the C-7'' of the luteoyl moiety 
based on the observed HMBC cross peaks. This was 
also supported by the deshielded position of the C-6 
signal at δC 64.0 ppm. All the proton and carbon 
signals of the compound were assigned by the 
analysis of the DEPT, HSQC and HMBC (Table 1). 
Compound 1 was thus deduced as 1-O-galloyl-6-O-
luteoyl-β-D-glucopyranoside (Figure 1). To the best of 
our knowledge, this is the first report of this molecule 
in literature. A similar compound, 1-O-galloyl-6-O-

luteoyl-α-D-glucoside was previously reported [20]. 
Our comparison of the NMR data of the two 
compounds (Table 1) showed great similarity, but a 
marked difference in the observed values of the 
coupling constants of the anomeric protons of the two 
hexose sugar units. The coupling constant value of 
7.3 Hz observed for compound 1 as against 3.7 Hz 
recorded for the reported compound [20] suggested a 
trans diaxial orientation of the anomeric proton of 
compound 1 relative to its H-2, which is consistent 
with β-D-glucopyranoside substructure. 
The structures of the five known compounds were 
identified based on their 1H NMR, 13C NMR, and mass 

spectrometric data as well as comparison with 
published data as the isomeric mixture of myricentin-
3-O-β-D-glucopyranoside (2a) and myricentin-3-O-β-
D-galactopyranoside (2b),  myricentin-3-O-α-L-
rhamnopyranoside (3), quercetin-3-O- β-D-
glucopyranoside (4) and ellagic acid (5) [21-23].  
(Figure 1).  
All isolated compounds were screened for antioxidant 
activity using the DPPH free radical scavenging assay 
and antimicrobial activity against strains of Gram 
positive and Gram negative bacteria and fungi. The 
compounds exhibited strong DPPH free radical 
scavenging activity comparable to the standard drug, 
ascorbic acid (Figure 2, Table 2). The isolated 
compounds (1-5) showed antimicrobial activity 
against Escherichia coli while only 5 was active 
against Staphylococcus aureus (Table 3). 
The antibacterial activity of the VLC fraction from 
which the compounds were isolated was, however, 
comparable to that of ciprofloxacin in terms of potency 
and spectrum (Table 3).                        

                                  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: DPPH free radical scavenging assay of 
the isolated compounds 
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Table 1: NMR data of compound 1 and reported 1-O-galloyl-6-O-luteoyl-α-D-glucoside 
 

 Compound 1*  Reported 1-O-galloyl-6-O-
luteoyl-α-D-glucoside# 
(Matsuura et al., 2005) 

 

 
Position 

 
δH 

 
δC 

 
HMBC 

 
δH 

 
δC 

1 6.21 d (7.3) 92.2 7' 6.37 d (3.7) 94.9 
2 3.88 d (7.4) 71.7  3.99 m 69.3 
3 4.59 77.6  4.81 m 71.5 
4 4.22 62.1  4.47 62.4 
5 4.35 t (8.1) 76.4  4.53 ddd (2.1, 5.0, 11.4) 76.1 
6 4.25 

3.94 dd (8.7, 10.9) 
64.0 7'' 4.99 dd (2.1, 11.1) 

4.15 dd (5.0, 11.1) 
64.9 

1' - 118.7  - 120.5 
2' 7.02 s 108.7 7', 4', 5' 7.06 s 110.9 
3' - 145.6  - 146.3 
4' - 139.0  - 140.4 
5' - 145.6  - 146.3 
6' 7.02 s 108.7 7'. 3', 4' 7.06 s 110.9 
7' - 164.8  - 166.7 
1'' - 115.5  - 116.7 
2'' - 144.8  - 145.3 
3'' - 135.4  - 137.6 
4'' - 145.0  - 145.9 
5'' 6.50 s 106.1 7'', 3'', 4'', 

6'' 
6.66 s 108.3 

6'' - 123.9  - 125.4 
7'' - 167.1  - 170.1 
1''' - 115.8  - 117.2 
2''' - 144.8  - 145.4 
3''' - 135.6  - 138.2 
4''' - 144.3  - 145.5 
5''' 6.56 s 106.9 7''', 3''' 4''', 

6''' 
6.69 110.9 

6''' - 123.6  - 125.3 
7''' - 166.7  - 168.5 

*Spectra Measured at 600 (1H) and 150 (13C) MHz in DMSO-d6 
#Spectra measured at 500 (1H) and 125 (13C) MHz in CD3OD 
 

Table 2: IC50 values of the DPPH free radical 
scavenging activity of the isolated compounds. 

Test Compounds IC50 (μg/ml) 

ACL-Active 1.56 
1 1.56 
2 3.11 
3 1.56 
4 1.48 
5 2.34 
Ascorbic acid 1.46 
 

ACL-Active = the VLC fraction from which the 
compounds were isolated 

Similarly, the antifungal activity this fraction was 
comparable to that of ketoconazole. The pronounced 
broad spectrum antimicrobial activity of this fraction, 
which was not replicated for the individual 
compounds, suggested that the compounds possibly 
act in synergism. This fraction also exhibited very low 
cytotoxic activity against Hep 2 cell line (TC90 = 
563.30 μg/ml), also suggesting that the observed 
antimicrobial activity was not due to direct cytotoxic 
effect of the constituents. This active fraction may 
found useful application as both stabilizer and 
preservative in creams or oral liquid pharmaceutical 
preparations.          
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Table 3: Antimicrobial activity of the isolated compounds 
 

Test 
Comps 

Bacillus 
subtilis 

Staph 
aureus 

Salmonella 
typhi 

Escherichia 
coli 

Pseudomonas 
aeruginosa 

Candida 
albican 

Aspergillus 
niger 

ACL-
active 

38 25 50 39 100 100 100 

1 NA NA NA 182 NA NA NA 
2 NA NA NA 120 NA NA NA 
3 NA NA NA 105 NA NA NA 
4 NA NA NA 105 NA NA NA 
5 NA 91 NA 120 NA NA NA 
CPFX 50 72 25 114 100 ND ND 
KETX ND ND ND ND ND 100 120 

 
NA = Not active (i.e.  MIC values greater than 250 μg/ml); ND = Not determined; ACL-active = the VLC 
fraction from which the compounds were isolated; CPFX = ciprofloxacin, KETZ = ketoconazole. 
 
 

CONCLUSION 
In conclusion, our present investigation of the 
extracts of A. cordifolia leaves resulted in the 
isolation of six phenolic compounds including the 
new compound, 1-O-galloyl-6-O-luteoyl-β-D-
glucopyranoside. These compounds exhibited 
strong antioxidant activity but were found to show 
possible synergistic antimicrobial activity. The 
presence of these compounds may be 
contributing to the observed efficacy of the plant 
material in ethnomedicine. 
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