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ABSTRACT

Aims: To evaluate the antimicrobial and antioxidant potentials of a biologically active
compound isolated from the leaves of Ludwigia abyssinica A. Rich.
Study Design: Antimicrobial and antioxidant analysis of compound from the n-butanol
fraction of plant leaf.
Place and Duration of Study: Chemistry and Microbiology Laboratories, Faculty of
Science, Obafemi Awolowo University, Ile-Ife between November 2011 and September
2012.
Methodology: Chromatographic and nuclear magnetic resonance techniques were used
to isolate and characterize the biologically active compound, respectively. Disc diffusion,
minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC)
measurements were used for antimicrobial test. 1, 1-diphenyl-2-picrylhydrazyl hydrate
(DPPH) radical scavenging assay was used for antioxidant test.

Original Research Article



European Journal of Medicinal Plants, 4(9): 1098-1112, 2014

1099

Results: The phenolic compound, 3,4,5-trihydroxybenzoic acid, also known as gallic acid
was isolated from the n-butanol fraction of L. abyssinica leaf. It showed broad spectrum
antimicrobial activities with zones of inhibition in the range 26.67±1.53 to 32.00±1.00 mm
for the test bacteria and 6.67±1.15 to 30.33±0.58 mm for the test fungal strains. MIC and
MBC values for gallic acid ranged from 12.5 to 200 µg ml-1 and 50 to 400 µg ml-1,
respectively, comparing favourably with the standard reference drug used. DPPH radical
scavenging activity for the compound was IC50 = 9.38 µg ml-1 compared with IC50 =
27.08µg ml-1 obtained for the standard ascorbic acid.
Conclusion: The results show that gallic acid from Ludwigia abyssinica leaves
possesses In vitro antimicrobial and antioxidant properties and thus the plant has
potentials as a source of natural health-giving products, given further investigations.

Keywords: Antimicrobial and antioxidant activities; Ludwigia abyssinica; gallic acid; phenolic
compound.

1. INTRODUCTION

Extracts from diverse species of plants continue to be used as herbal remedies by various
human traditional settings [1,2]. The antimicrobial activities of such plant extracts form the
basis of their use in alternative medicines and natural therapies [3,4]. There is a marked
increase in the development of resistance to the existing antimicrobial agents by microbes
[5,6]. Biologically active chemical compounds of plants have attracted attention as natural
products that could be used in the development of new antimicrobial agents effective against
antibiotic-resistant and pathogenic bacteria and fungi [1].

Phytochemical compounds also provide basis for the development of medicaments against
human ailments such as cancer, ulcerative colitis and infectious diseases [2,7,8]. Oxidative
stress is involved in the development of chronic and degenerative diseases such as aging,
cancer, artherosclerosis, malaria, cardiovascular, inflammatory, cerebrovascular and
immune deficiency diseases [9,10,11,12]. Medicinal plants are increasingly investigated as
natural sources of antioxidants for reducing oxidative damages associated with these
diseases. Researchers have become more interested in their polyphenol constituents due to
their potent antioxidant properties and their credible effects in the prevention of various
oxidative stress-associated diseases [13]. 3, 4, 5-Trihydroxybenzoic acid (gallic acid) is a
naturally occurring plant phenolic compound found both in its free state and as part of a
tannin molecule [14,15]. Either in its free or binded form, the compound possesses
anticancer, anti-inflammatory, neuroprotective and analgesic effects [15,16,17,18].

Ludwigia abyssinica A. Rich. (Onagraceae) is native to South America but is now well
distributed in Africa [19,20]. It is an aquatic herb growing in ditches, shallow marshy areas,
river banks and slow moving streams. It is useful as an ornamental plant because of its
showy flowers which are yellow in color, and sold in many parts of Europe [21]. The seeds
are very rich in oil [22].

Extracts of the leaves and roots of the plant are used in traditional medicine to treat ailments
such as cough, skin diseases, sores, diarrhea, dysentery, cholera, flatulence and
constipation [20,23]. Aqueous decoction of the leaves is taken orally for its analgesic effect
in treatment of generalized pain in some parts of Africa [23]. Leaf decoctions of the plant are
also used in the treatment of fungal infections by the Haya people of Northwestern Tanzania
[24]. The leaf sap is taken orally to stave off threatened abortion [20]. In East Africa, a root
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decoction of the plant is used to treat liver diseases and intestinal worm infestations in
children while the leaves are eaten as cooked vegetable for its nutritional values in the
Democratic Republic of Congo, Malawi, parts of Nigeria and Tanzania [20,24,25].

In a previous study, crude extracts of L. abyssinica leaves were found to exhibit considerable
antimicrobial effects when compared with standard antibiotic and antifungal agents [26]. As
far as we know, there are no previous studies regarding the biological effects of chemical
constituents of this plant. The present work therefore investigates and reports the antioxidant
and antimicrobial properties of a phenolic compound isolated from the n-butanol fraction of
the leaves.

2. MATERIALS AND METHODS

2.1 Plant Material

L. abyssinica leaves were collected from several ditches in the Obafemi Awolowo University,
Ile-Ife, Nigeria campus in November, 2011 and authenticated taxonomically by Dr. Matthew
Oziegbe at the Ife herbarium in the University. A voucher specimen number U.H.I 16192 was
preserved at the Ife herbarium for future reference.

2.2 Extraction

The collected plant was air dried for three weeks and then blended into powder. Extractions
were performed by maceration in which the powdered L. abyssinica leaves (900 g) were
soaked in 50% aqueous-methanol (5 L) at room temperature for 72 h [27]. The extracts were
then filtered using Whatman filter paper no. 2 and concentrated in vacuo at 40oC on a rotary
evaporator (Heldolph, Germany) to about one-third of its original volume. Concentrated
crude extract of the plant was in turn dissolved in distilled water and partitioned with n-
hexane (3×1 L), dichloromethane (3×1 L), ethyl acetate (3×1 L) and n-butanol (3×0.7 L). The
partitioned fractions were concentrated to dryness in vacuo to afford four different fractions:
hexane, dichloromethane, ethyl acetate, and n-butanol fractions with compounds of
appropriate polarity.

2.3 Bacterial and Fungal Species

The test bacteria species were Staphylococcus aureus (ATCC 6538), Pseudomonas
aeruginosa (ATCC 19582), Escherichia coli (ATCC 8739), Enterococcus faecalis (ATCC
29212), Bacillus subtilis (ATCC 6633), B. stearothermophillus, Klebsiella pneumonia,
Clostridium sporogenes, Salmonella typhi and Serratia marcescens (ATCC 9986). The test
fungal species were Aspergillus niger (ATCC 6275), A. flavus, Penicillium camemberti,
Fusarium oxysporium, Trichophyton mentagrophytes and Candida albicans (ATCC 10231).
They were obtained from the culture collection of the Department of Microbiology, Obafemi
Awolowo University, Ile- Ife, Nigeria. The bacterial species included reference strains (6),
environmental strains (2) and clinical isolates (2). The fungal species included reference
strains (2) and soil environmental strains (4).

2.4 Isolation of Compound

Butanol fraction (10.29 g) was fractionated by column chromatography on silica gel (60-120
mesh) on glass column (length 60 cm; diameter 4.5 cm) using n-hexane as the eluant. This
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was followed by an increasing gradient of ethyl acetate up to 100% and in turn by an
increasing gradient of methanol up to 100%. One hundred and nine test tubes fractions of 15
ml each were collected. Analysis of these test tube fractions on TLC plate using ethyl
acetate/methanol (4:1) gave seven fractions (1A-1G). Fraction 1A (600 mg) was purified on
sephadex LH-20 using ethyl acetate/methanol (9:1) followed by an increasing gradient of
methanol up to 100%. Two fractions 2A (270 mg) and 2B were obtained on analysis on TLC
plate using ethyl acetate/methanol (4:1) as the solvent system. Purification of 2B (300 mg)
on sephadex LH-20 using ethyl acetate/methanol (9.5:0.5) followed by an increasing
gradient of methanol up to 100% gave the isolated compound (139 mg) with melting point
230-231ºC.

2.5 Structural Elucidation of Compound

Partial structural elucidation of the isolated compound from n-butanol fraction was carried
out using 1H and 13C Nuclear Magnetic Resonance spectroscopic analysis.

2.6 Antimicrobial Assays

2.6.1 Preparation of inocula

The bacterial strains grown on nutrient agar at 37oC for 18 h were suspended in sterile
normal saline solution (0.85% w/v sodium chloride) and adjusted to a turbidity of 0.5
McFarland standard (108 CFU/ml). The suspensions were diluted 100 times with Mueller
Hinton broth to give 106 CFU/ml [28]. Suspensions of fungal spores from fresh cultures were
prepared in sterilized 0.85% w/v sodium chloride solutions, which were compared with
McFarland solution. These were then diluted to approximately 106 CFU/ml.

2.6.2 Disc diffusion assay

Antimicrobial activities were determined by the agar diffusion method [29], with
modifications. Mueller Hinton agar and SDA were inoculated with microbial cell suspensions
(200 µl in 20 ml medium) and poured into sterile petri dishes. Stock solutions of isolated
compound were dissolved in 10% DMSO solution to give a final concentration of 1000 µg/ml.
The solutions were then sterilized by filtration through 0.45 µm millipore filters. Sterile paper
discs (6 mm) were impregnated with 10 µl of the sterile solutions of the isolated compound
and placed on the agar surface. Standard discs (6 mm) containing the broad spectrum
antibiotic, streptomycin (10 µg/disc) (Oxoid, UK), and antifungal agent amphotericin B (10
µg/disc) (Abtek Biologicals Ltd, UK), were used as positive controls. Discs impregnated with
10% DMSO were used as negative control. The plates were incubated overnight at 37ºC for
18-24 h. The plates of the fungal strains were incubated at 31ºC for 72 h. The experiment
was tested in triplicates and zones of growth inhibition were recorded in millimetres.

2.6.3 Micro-well dilution assay

2.6.3.1 Minimum inhibitory concentrations (MIC)

Minimum inhibitory concentrations of the isolated compound from L. abyssinica were
determined based on the broth microdilution assay [30]. The dried isolated compound was
dissolved in 10% DMSO in water to give a concentration of 400 µg/ml. The broad spectrum
antibiotic, streptomycin, which was used as positive control, was similarly treated. Serial two
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fold dilutions were then made in a concentration range 12.5 to 400.0 µg/ml. The 96-well
microtiter plates were prepared by dispensing into each well 100 µl of Mueller Hinton broth.
Inoculum (10 µl) of each bacteria and 50 µl (0.2 mg/ml) of ρ-iodonitrotetrazolium chloride
(INT) were then added into each well. The plates were covered with parafilm, shaken to mix
the contents and then incubated at 37ºC for 24 h. The MIC was defined as the lowest
concentration at which no visible growth was observed. The colourless tetrazolium salt acts
as an electron acceptor and is reduced to a red-colored formazan product by biologically
active organisms [31]. Where bacterial growth was inhibited, the solution in the well
remained clear after incubation with INT. Each experiment was done in triplicates.

2.6.3.2 Minimum bactericidal concentration (MBC)

Minimum bactericidal concentrations (MBC) of the isolated compound were determined by
removing 100 µl of bacterial suspension from subculture demonstrating no visible growth
and inoculating this on Mueller Hinton agar plates. Plates were incubated at 37ºC for 24 h
with experiment being carried out in triplicates.

2.7 Antioxidant Activity

The free radical scavenging activity of the isolated compound was evaluated by using 1,1-
diphenyl-2-picrylhydrazyl hydrate (DPPH) [32]. Different concentrations (5 to 60 μg ml-1) of
the isolated compound were pipetted to the test tubes and volume adjusted to 3 mL with
ethanol. 0.1 mM Alcoholic DPPH solution (1.0 mL) was added to the sample. The sample
was vortexed, and incubated in dark at room temperature for 30 min. The absorbance was
measured at 517 nm against blank samples. Decreased absorbance of the sample indicates
DPPH free radical scavenging capability [33]. Ascorbic acid (vitamin c) was used as
reference positive control. The DPPH free radical scavenging activity was calculated using
the expression:

% DPPH free radical scavenging activity = [1 – A517 nm of sample/A517 nm of control] X 100%

3. RESULTS

3.1 Structural Elucidation of the Isolated Compound

The 1H NMR shows signals at δ 7.0 ppm, which indicates the presence of aromatic protons.
The 13C NMR showed a signal at δ 169 ppm which represents the carboxylic acid carbon.
Carbons 2 and 6 are in the same chemical environment hence, they have the same
chemical shift which is the signal seen at δ 108 ppm. Carbons 3 and 5 are also in the same
chemical environment and they account for the δ 144 ppm signal. Carbon 4 is however
responsible for the signal at δ 138 ppm. Therefore, the isolated compound is 3, 4, 5-
trihydroxybenzoic acid (gallic acid) (Fig. 1). It showed a single, clean spot on its TLC profile
with a retention factor (Rf) of 0.5 in ethyl acetate/methanol (4:1). The compound is solid
crystalline, off-white in color and has a melting point of 230-231ºC. A little quantity of it,
dissolved in methanol, gave an intense blue-black coloration on addition of freshly prepared
ferric chloride solution hence confirming it to be a phenolic compound.
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Fig. 1. Chemical structure of gallic acid isolated from Ludwigia abyssinica n-butanol
fraction

3.2 Antimicrobial Activity

The results of the study of the antibacterial activity of gallic acid using the disc diffusion
assay are presented in Table 1. The zones of inhibition ranged from 28.00±1.00 to
32.00±1.00 mm with the highest inhibitory effect being against S. aureus and the weakest
activity demonstrated against S. typhi. The isolated compound was also more effective in the
inhibition of all the test fungal species compared with the broad spectrum antifungal agent -
amhphotericin B. It produced zones of inhibition range 17.67±1.53 to 30.33±0.58 mm. It
exhibited the greatest antifungal activity against A. niger and the weakest activity against C.
albicans (Table 2). In view of the results obtained in the disc diffusion assay, the minimum
inhibitory concentrations (MIC) and minimum bactericidal concentrations (MBC) of gallic acid
were determined. The MIC values ranged between 12.5 and 100 μg ml-1 while the MBC
ranged between 50 and 200 μg ml-1. The compound was most inhibitory against E. faecalis,
S. aureus and B. subtilis but least inhibitory against K. pneumonia, S. typhi and P.
aeruginosa (Table 3). The results obtained in the disc diffusion assay were found to correlate
with that obtained in the MIC assay.

Table 1. Antibacterial activities of gallic acid isolated from L. abyssinica leaf

Test bacteria Mean zones of inhibition in mm*
Gallic acid Streptomycin

S. aureus 30.33±0.58 30.33±1.52
E. faecalis 29.67±0.58 32.00±0.00
B. subtilis 31.00±0.00 30.67±0.58
E. coli 30.33±0.58 23.67±0.58
K. pneumonia 30.00±1.00 29.00±1.00
B. stearothermophillus 30.33±0.58 30.67±1.53
Cl. sporogenes 30.67±0.58 31.00±1.73
S. marcescens 30.33±0.58 31.00±0.58
S. typhi 28.00±1.00 29.67±0.58
P.  aeruginosa 28.66±0.58 26.67±1.15

mm* - Mean of three replicates ± standard deviation; Streptomycin (10 μg/disc)
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Table 2. Antifungal activities of gallic acid isolated from L. abyssinica leaf

Test fungi Mean zones of inhibition in mm*
Gallic acid Amphotericin B

A. niger 30.33±0.58 22.67±1.15
A. flavus 29.67±0.58 24.30±1.15
P. camemberti 28.33±1.53 20.67±1.53
F. oxysporium 30.00±0.00 23.00±1.73
T. mentagrophytes 28.33±2.08 20.67±1.15
C. albicans 17.67±1.53 14.67±0.58

mm* - Mean of three replicates ± standard deviation. Amphotericin B (10 µg/disc)

Table 3. Minimum inhibitory concentrations (MIC) and minimum bactericidal
concentrations (MBC) of gallic acid and reference antibiotic (streptomycin)

Test bacteria Average MIC / MBC
Gallic acid Streptomycin

MIC (µg/ml) MBC (µg/ml) MIC (µg/ml) MBC (µg/ml)
S. aureus 12.5±0.00 50.0±0.00 50.0±0.00 100.0±0.00
E. faecalis 12.5±0.00 50.0±0.00 50.0±0.00 50.0±0.00
B. subtilis 12.5±0.00 50.0±0.00 50.0±0.00 200.0±0.00
E. coli 50.0±0.00 200.0±0.00 50.0±0.00 200.0±0.00
K. pneumonia 50.0±0.00 200.0±0.00 50.0±0.00 100.0±0.00
B. stearothermophillus 25.0±0.00 100.0±0.00 50.0±0.00 100.0±0.00
Cl. Sporogenes 25.0±0.00 50.0±0.00 50.0±0.00 50.0±0.00
Serratia marcescens 25.0±0.00 100.0±0.00 25.0±0.00 100.0±0.00
S. typhi 100.0±0.00 100.0±0.00 50.0±0.00 200.0±0.00
P. aeruginosa 100.0±0.00 200.0±0.00 100.0±0.00 200.0±0.00

The results are means of three replicates ± standard deviation

3.3 Antioxidant Activity

Table 4 illustrates the percentage inhibition of DPPH radical by gallic acid and standard
ascorbic acid. At a concentration of 60 μg ml-1, the scavenging activity of gallic acid reached
95.63±0.21% compared with 80.51±0.53% produced by ascorbic acid. The IC50 value was
found to be 9.38 and 27.08 μg ml-1 for gallic acid and ascorbic acid, respectively (Figs. 2
and 3).

Table 4. DPPH free radical scavenging activity of gallic acid isolated from
L. abyssinica leaf

Concentration (μg/ml) DPPH percentage inhibition (%)
Gallic acid Ascorbic acid

5.0 31.13±0.63 2.52±0.05
10.0 52.38±0.61 6.82±0.23
15.0 74.90±0.73 9.95±0.22
20.0 95.12±0.17 18.27±0.62
40.0 95.33±0.11 58.98±0.70
60.0 95.63±0.21 80.51±0.53

The results are means of three replicates ± standard deviation
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Fig. 2. Antioxidant capacity (DPPH radical scavenging activity) of gallic acid isolated
from L. abyssinica n-butanol fraction)

Fig. 3. Antioxidant capacity (DPPH radical scavenging activity) of standard compound
(ascorbic acid)

4. DISCUSSION

The discovery of antibiotics in the course of human history led to the control or eradication of
infections that hitherto ravaged mankind. However, there is increasing trend in the
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development of resistance against the existing antimicrobial agents by infectious
microorganisms [6]. This has resulted in interests in the exploration of plants used in
traditional medicines as potential sources of novel antimicrobial compounds. Natural
products and their derivatives have historically been invaluable as a source of therapeutic
agents [34]. Interests in natural therapies and increasing demand for effective, safe and
natural products therefore means that quantitative data on plant extracts are required.

Various parts of L. abyssinica A. Rich. are traditionally used as herbal remedies [23].
Amongst others, it has been used for the treatment of ailments such as cough, skin
diseases, sores, diarrhea, dysentery, cholera and generalized pain [20,23]. Stem and root
extracts of the plant are applied orally for the treatment of snake bites/poisoning by ethnic
groups from Southern Ethiopia [35]. The whole or parts of the plant are also consumed for
nutritional purposes [20,25,36]. Though several workers have reported the antimicrobial
activities of several species of the genus Ludwigia [37,38,39], this is the first time, to our
knowledge, that the antimicrobial and antioxidant effects of isolated chemical constituent of
Ludwigia abyssinica are being reported.

The phenolic compound identified as 3,4,5-trihydroxybenzoic acid, also known as gallic acid,
was isolated through bioguided fractionation of n-butanol extracts of L. abyssinica leaf. The
compound showed antimicrobial effects which compared favorably with those of reference
drugs - streptomycin and amphotericin B. It exhibited broad spectrum inhibitory effects on
both Gram positive and Gram negative bacteria, and all the tested fungal species. Shikimic
acid (3,4,5-trihydroxycyclohexene carboxylic acid) was isolated as the major compound from
another specie of the genus - Ludwigia alternaria Linn, also found to have antimicrobial
properties [40]. Shikimic acid has been found to be the starting point in the biosynthesis of
some phenolics including gallic acid [41,42]. Gallic acid had been isolated from several other
plant species and reported to exhibit considerable antimicrobial activities [43,44,45].

In this study, Gram positive bacteria such as S. aureus, B. subtilis and Cl. sporogenes were
observed to show better susceptibility to gallic acid compared to the Gram negative bacteria
such as E. coli and P. aeruginosa. Gram negative species are reported to be more resistant
to inhibition by most plant extracts due to their outer membrane [46,47]. The presence of
certain enzymes in the periplasmic space of Gram negative bacteria which are capable of
breaking down the molecules introduced from outside has also been offered as an
explanation [48].

Free radical scavenging potential of an antioxidant is thought to be a result of its hydrogen
donating ability [49]. The scavenging activity of gallic acid at 95.63±0.21% was comparable
to that of ascorbic acid (80.51±0.53%) used as standard drug at the same concentration of
60 μg ml-1. This indicates that the compound possesses high DPPH scavenging activity at
the highest concentration (60 μg ml-1) or has high proton donating ability and could serve as
free radical inhibitors or scavengers, acting possibly as primary antioxidants. The results
strongly suggest that phenolics are important components of L. abyssinica, and some of its
pharmacological effects could be attributed to these constituents. Gallic acid isolated from
several other plant species were found to exhibit potent antioxidant activities [50,51,52].
Plant phenolics are major compounds acting as primary antioxidants or free radical
terminators [53,54]. The radical scavenging abilities of these compounds are mainly due to
the presence of hydroxyl groups and their redox properties [55,56]. These properties play
important roles in the ability of phenolic compounds to absorb and neutralize free radicals,
quench active oxygen species and decompose peroxides [55,57]. The isolated phenolic
compound would therefore be expected to have high antioxidant capacities. The prevention
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of risks of oxidative stress-associated diseases such as cardiovascular and
neurodegenerative diseases, cancer or osteoporosis has been partially ascribed to phenolic
compounds [58]. This has resulted in respective nutritional recommendations.

Preliminary phytochemical screening of this plant revealed the presence of the polyphenolic
compound tannin [26]. Gallic acid is an essential precursor for many plant secondary
metabolites, particularly hydrolysable tannins such as gallotannins and ellagitannins which is
also a primary anti-inflammatory and cardio-protective agent found in wine, tea and cocoa
[59]. Extracts from the different members of the Onagraceae family were reported by
researchers to have diverse biological effects and these properties are ascribed to the high
content of polyphenols, such as tannins [60,61]. Tannins provide wide range of anti-infective
activities by interfering with the normal physiological characteristics of microorganisms [62].
The antimicrobial mechanisms of tannins include metal ions deprivation and complexation
with enzymes or substrates leading to enzyme inhibition and substrate deprivation [63].
Some groups of tannins have been found to be inhibitory to the growth of intestinal bacteria
such as Bacteroides fragilis, Costridium perfringens, Escherichia coli and Enterobater
cloacae amongst others, which justify the ethnomedicinal use of several plants containing
them, in the treatment of various abdominal disorders [64,65]. Tannins are also reported to
be either bacteriostatic or bactericidal on Staphylococcus aureus [63]. Potential synergistic
action with β-lactam group of antibiotics in the treatment of diseases caused by
multiresistant S. aureus could therefore be considered.

This study has to some extent validated the medicinal potentials of L. abyssinica A. Rich.
The isolated gallic acid may be useful as active ingredient in antimicrobial drug formulations,
or as agent for the control of free radical-related pathological damages.

5. CONCLUSION

Our results indicate that gallic acid isolated from the n-butanol fraction of L. abyssinica A.
Rich leaves presented in vitro antibacterial and antifungal activities which compared
favorably with those of reference drugs used.  This polyphenolic compound exhibited broad
spectrum antimicrobial activities against all test bacterial and fungal species. The compound
also exhibited strong antioxidant activity based on DPPH radical scavenging capacity. The
plant could therefore be a potential source of natural antimicrobial and antioxidant agents for
the treatment of microbial infections and prevention of various oxidative stress-associated
diseases, such as cancer and other degenerative human diseases.
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