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Abstract 

The emergence of antibiotic-resistant strains of microorganisms calls for research and the development of strategies to 
curb this menace. The screening of antimicrobial compounds from endophytic fungi is a promising way to meet the 
increasing threat of drug-resistant. This study aims at evaluating the antimicrobial activity of the endophytic fungal 
extract of Colletotrichum sp. from the leaves of Vernonia amygdalina (Del). Endophytic fungal isolation, cultivation, and 
identification were carried out using standard methods. Subsequently, fermentation and extraction of the secondary 
metabolites were done on a rice medium. About 1.2g of the fungal extract was subjected to vacuum liquid 
chromatography (VLC) using gradient-based elution; n-hexane and ethyl acetate followed by dichloromethane and 
methanol. The high-performance liquid chromatography (HPLC) analysis of the crude extract and VLC fractions were 
also carried out. Gel permeation chromatography using Sephadex LH-20 was carried out on Fraction JT2. Antimicrobial 
Assays for fraction JT4 and the Sephadex LH-20 fractions (JT2C – JT2E) were also carried out. The results were analyzed 
using Statistical Package for Social Sciences. The high-performance liquid chromatography (HPLC) analysis of the crude 
extract and VLC fractions revealed the presence of the five bioactive metabolites (acropyrone, beauvericin, indole-3-
carbaldehyde, indolyl-3-acetic acid, and rocaglamid A). The result of the antimicrobial activity of the VLC fraction, JT4, 
showed that the fraction exhibited a significant inhibitory effect against Bacillus subtilis, Pseudomonas aeruginosa at 
0.25 – 1 mg/ml (IZD) and antifungal activity against Aspergillus niger only at 0.0625 – 1 mg/ml (IZD). The result of the 
antimicrobial activity of the gel chromatographic fractions revealed a significant effect against Staphylococcus aureus, 
Pseudomonas aeruginosa and Escherichia coli at 0.0625 – 1 mg/ml and had no inhibitory effect against Bacillus subtilis, 
Aspergillus niger and Candida albicans. The results of this study show that endophytic fungi on V. amygdalina could be 
a potential source of bioactive compounds for the development of potential and effective antibiotics. 
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1. Introduction

Plants parts have been a source of remedy from time immemorial [1], [2] and active compounds from medicinal plants 
are preferred as drug candidates to conventional medicine because of their efficiency, cultural acceptability and little or 
no side effects [3]. Endophytic organisms have received considerable attention due to their ability to protect their host 
against insects, pests, pathogens, and even domestic herbivores [4], [5] and almost all plant species harbor one or more 
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endophytic organisms [6]. Vernonia amygdalina (Del.) is a tropical plant belonging to the family Asteraceae and is used 
widely as a vegetable and medicinal plant. Extracts of the bitter leaf have been reported to exhibit antimicrobial activity 
against drug-resistant microorganisms and possess antioxidant, anticancer, antiviral, anthelminthic and anti-
inflammatory activities [7], [8], [9]. Researchers ([10], [11], [8], [12]) showed that both aqueous, ethanol and 60% 
methanol extracts of the leaves exhibited antibacterial activity against pathogenic organisms. Also reported medicinal 
properties of V. amygdalina include antioxidant activity [13], [14], anticancer/tumor properties [15], [16], [17] [18], 
hepatoprotective and nephron – protective properties [19], oxytocic property [20] [21] and pesticidal property [22], 
[23]. Ethno-botanically, the leaves are particularly utilized in the treatment of malaria, diabetes mellitus, venereal 
diseases, wounds, hepatitis and cancer [24], [25], [26], [27]. Colletotrichum gloeosporioides is a pathogenic fungus of the 
Cashew tree, but it was also found as an endophyte in many cases [28]. Colletotrichum fulcatum is another species of 
clinical interest [29]. An antimicrobial tridepside, colletotric acid, has been obtained from Colletotrichum 
gloeosporioides, an endophytic fungus isolated from Artemisia mongolica, which displayed antibacterial activity against 
bacteria as well as against the fungus Helminthsporium sativum [30].  

2. Materials and methods 

2.1. Materials  

2.1.1.  Plant Material 

The collection and authentication of Fresh and healthy leaves of Vernonia amygdalina were described in our previous 
report [27] 

2.1.2. Test Organism 

The cultures were maintained on Nutrient Agar slants for a period of 48 hours in a refrigerator before they were 
subcultured into freshly prepared MacConkey Agar, Mannitol salt Agar, Centrimide Agar, Nutrient Agar and Sabouraud 
Dextrose Agar slants for nutrient replenishment and finally transferred on to the Muller Hinton agar and Sabouraud 
Dextrose Agar for agar-well diffusion assay method. The bacteria isolates are made up of Gram-positive (Staphylococcus 
aureus and Bacillus subtillis) and Gram-negative bacteria (Escherichia coli and Pseudomonas aeruginosa), while the fungi 
isolates are Aspergillus niger (mould) and Candida albicans (yeast). 

2.1.3. Culture Media  

All media components and chemicals used in the studies were of analytical grade. Culture media used were Mueller-
Hinton Agar (Titan, Biotech) and Sabouraud Dextrose Agar (Oxiod Ltd, UK), Mannitol salt Agar, Centrimide Agar, 
MacConkey Agar (Oxoid Ltd, UK). Culture media used in this study include fungal isolation and purification medium 
[Malt Extract Agar (MEA) (Oxiod Ltd, UK)], fermentation medium [Rice medium (Rice-100 g + distilled water- 110 mL 
of distilled water)]. Culture media were prepared according to the instructions of the manufacturer. 

2.1.4. Chemicals, Solvents and Drugs 

The chemicals and solvents used for this study were of analytical grade. They include methanol, n-hexane, ethyl acetate, 
dichloromethane (Sigma Aldrich, Germany), dimethylsulphoxide (DMSO) (Uvasol Merck, Germany), silica gel (mesh 
size: 200-400) (Merck, Germany), Sephadex LH-20 (Merck, Germany). All laboratory reagents were freshly prepared 
and freshly distilled water was used as required. ZR fungal/bacterial DNA MiniPrepTM Kit (Zymo ResearchCorp, USA), 
Hot Star Taq Master Mix Kit (Qiagen, Germany), agarose gel (Biozym LE Agarose, Biozym Scientific GmbH), 
ZymocleanTMgel DNA recovery kit (Zymo Research Corp, USA). 

2.2. Methods 

2.2.1. Fungal Isolation and Cultivation  

Fresh healthy leaves of V. amygdalina Del. were rinsed in sterile distilled water and subjected to surface sterilization 
based on the method described by Petrini and Muller [34]. The surface sterilized leaves were cut into smaller pieces of 
approximately 2 mm segments from the lamina and placed on Petri dishes containing malt extract agar (MEA) 
supplemented with chloramphenicol. The plates were kept on laboratory benches at room temperature with ambient 
light. Periodically, fungal growth from the leaf segments was monitored and hyphal tips from distinct colonies emerging 
from leaf segments were sub-cultured on fresh MEA plates to obtain pure colonies. 
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2.2.2. Identification  

Taxonomic identification of all fungal strains was achieved by DNA amplification and sequencing of the fungal ITS 
region. Total fungal genomic DNA was extracted and purified directly from fresh, axenic mycelia using fungal DNA 
extraction and purification kits. DNA amplification by PCR was performed using fungal Hot Star Tag Master Mix Taq 
polymerase and the primer pair ITS 1 and ITS4 in a thermocycler. The polymerase chain reaction (PCR) products were 
visualized on a 1% agarose gel, and amplified DNAs were recovered from the gel using appropriate kits. Fungal DNAs 
were sequenced and resulting sequences were subjected to BLAST searches of the NCBI GenBank database for 
identification.  

2.2.3. Fermentation and Extraction of Metabolites 

Solid state fermentation was carried out in Erlenmeyer flasks containing Rice Medium (i.e., 100g of rice +110 mL of 
distilled water), which was autoclaved at 121°C at 15 psi for 1 hour and allowed to cool. The flasks were inoculated with 
3 mm diameter agar blocks containing test fungi and incubated at 22°C for 21 days and extracted exhaustively with 
ethyl acetate. The organic phase was then vacuum-concentrated using the rotary evaporator at 40°C to obtain the 
concentrated extracts. 

2.2.4. Vacuum Liquid Chromatography (VLC) of the Crude Fungi Extract 

The column was packed using the protocol described in our previous report [27]. The column was eluted gradually with 
increasing order of polarity of solvent from non-polar to highly polar solvent system. The column was developed with 
a gradient mixture of 500 ml of n-hexane and ethyl acetate solvent system in the ratio of 10:0, 9:1, 8:2, 6:4, 4:6, 3:7, 2:8, 
0:10 using negative pressure created by the vacuum pump. Furthermore, the column was developed with a gradient 
mixture of 500 ml of dichloromethane and methanol solvent system in the ratio of 10:0, 9:1, 8:2, 6:4, 4:6, 2:8, and 0:10 
to give successive fractions. The column was allowed to run dry after each fraction was collected. The eluate was 
collected separately with a round bottom flask, evaporated using a rotary evaporator and labeled appropriately. 

2.2.5. Analytical High-Pressure Chromatography (HPLC)  

The High-Pressure Liquid Chromatography (HPLC) of the crude extract and each of the VLC fractions were carried out 
following the method described in our previous report [27]. 

2.2.6. Sephadex LH-20 Separation of Endophytic Fraction JT2 

About 10 g of Sephadex LH-20 (0.25-0.1 mm mesh size) as stationary phase was dispersed in a 100 ml of 
dichloromethane and methanol (1:1 (v/v)) solvent system as mobile phase. The mixture was shaken for 10 min and the 
slurry was transferred into a glass column (30 cm x 1.5 cm; length x internal diameter). The gel was allowed to stabilize 
for about 5 hours before use. Approximately 78 mg of fraction JT2 was reconstituted in 2 ml of dichloromethane and 
methanol (1:1). The solution was sonicated for 5 min and centrifuged at 1000 rpm for 10 min to remove undissolved 
solid particles. The supernatant was collected using a pipette and used for the separation/purification process. The 
supernatant was introduced into the Sephadex LH-20 column and adjusted to the flow rate of approximately 1 ml/min. 
About 24 fractions were collected with the aid of test tubes. After the elution, the fractions were subsequently subjected 
to thin layer chromatography and antimicrobial assay. 

2.2.7. Analytical Thin Layer Chromatography 

The fractions in each test tube were spotted with the aid of a capillary tube on an aluminum pre-coated silica gel TLC 
plate as a stationary phase and allowed to air-drying. The spotted plate was developed in a TLC tank using a 
dichloromethane: methanol solvent system as the mobile phase. After the development, the plates were allowed to dry 
and visualized at 254 nm (short UV) and visible region using UV/visible lamb and similar fractions were collected and 
bulked together before evaporation. 

2.3. Antimicrobial Assay 

2.3.1. Agar Well Diffusion Assay of Fungi Fractions 

Antimicrobial Assays for fraction JT4 and the Sephadex LH-20 fractions (JT2C – JT2E) were carried out using the agar 
well diffusion assay as described by Aida et al. [31] with little modification. The antimicrobial activities of the fractions 
were tested against four standard clinical bacteria isolates namely: Staphylococcus aureus, Bacillus subtillis, 
Pseudomonas aeruginosa and Escherichia coli and two fungi isolate namely Aspergillus niger and Candida albicans. 
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Subsequently, 0.5 McFarland standard bacteria and fungi suspensions of each of the test isolates were prepared and 
these formed the bacteria and fungi stock solutions used in the agar well diffusion assay. 

2.3.2. Agar dilution Assay of Fungi Fractions 

The media, Mueller-Hinton Agar (MHA) (38 g) and Sabouraud Dextrose Agar (SDA) (65 g) were prepared according to 
the manufacturer’s specification and mixed with 1 L of sterile distilled water and sterilized at 121°C for 15 minutes. The 
sterile MHA and SDA plates were inoculated with the test culture by seeding method. About 0.1 ml of each of the 
standardized cultures were transferred into the sterilized MHA and SDA plates; 20 ml of the molten agar that has been 
cooled to 50°C was added and then mixed thoroughly by swirling clockwise and anticlockwise to ensure even growth 
of the organisms. This was done to obtain uniformity of the inoculums. Sterile cork was used to make six wells (8 mm 
in diameter) on each of the MHA and SDA plates. A stock concentration of 1 mg/ml of the samples was prepared by 
dissolving the extracts in dimethylsulphoxide (DMSO). Aliquots of 80µl of each extract dilution, reconstituted in DMSO 
at concentrations of 1, 0.5, 0.25, 0.125 and 0.065 mg/ml for each of the extracts were applied in each of the wells in the 
culture plates previously seeded with the test organisms. Ciprofloxacin (5 µg/ml) and miconazole (50 µg/ml) served as 
the positive control in the antibacterial and antifungal evaluations respectively, while DMSO was used as the negative 
control respectively. The culture plates were incubated at 37°C for 24 hours for bacterial and 25±2°C for 48 hours for 
fungi respectively to allow the growth of microorganisms. The antimicrobial potential for each extract was determined 
by measuring the zone of inhibition around each well (excluding the diameter of the well). The procedure was conducted 
in triplicate for each fraction and the results were recorded as the mean of the zone of inhibition in milimetre. The 
minimum inhibitory concentrations (MIC) of the fungal fractions were determined using the agar dilution method [32]. 
A stock solution of 1 mg/ml was prepared were prepared by pouring 4 ml of the molten double-strength MHA and SDA, 
for bacterial and fungal isolates respectively, into the sterile Petri dish containing 1 ml of the various dilutions of the 
fungal fractions to give the final plate concentrations of 1, 0.5, 0.25, 0.125 and 0.0625 mg/ml. the test isolates which 
were grown overnight in broth were adjusted to McFarland 0.5 standard and streaked onto the surface of the agar plates 
containing dilutions of the fungal fractions. The plates were then incubated at 37°C for 24 hours and 25±2°C for 3 days, 
after which the plates were visually observed for growth. The minimum dilution (concentration) of the fraction that 
completely inhibits the growth of each test organism was taken as the MIC. 

2.4. Statistical Analysis 

The results of the antimicrobial assay in triplicate were analyzed with statistical Package for Social Sciences (SPSS) 
version 16.0 and presented as mean ± standard error of mean (SEM) inhibition zone diameters (IZD) using one-way 
ANOVA and further subjection to Turkey’s post hoc test. Differences between means were accepted at a significance of 
p< 0.05. 

3. Results  

3.1. Percentage Yields of Fractions from Colletotrichum Sp 

The result of the percentage yield of the fractions (VLC fractions and Sephadex LH-20 fractions) from Colletotrichum sp. 
are shown in table 1 below.  

3.2. Results of the HPLC-DAD Analysis of Crude Extract (VAL3) and Fractions JT1-15 

The chromatograms of the crude extract and fractions JT1-15 are shown in Figures 1 and 2 below.  

3.3. Results of Antimicrobial Activities of the Fungal Fractions (JT4, JT2C-E) of Colletotrichum species 

3.3.1. In vitro Antibacterial Studies 

The result of the In-vitro Antibacterial Studies of VLC fraction (JT4) and Sephadex chromatographic sub-fractions (JT2C, 
JT2D, and JT2E) of Colletotrichum species extract against four standard clinical bacteria isolates: Staphylococcus aureus, 
Bacillus subtilis, Pseudomonas aeruginosa and Escherichia coli are shown in tables 2 – 6 below. 

3.3.2. In-vitro Antifungal Studies 

The antifungal screening studies of JT4 and JT2C, JT2D, and JT2E were performed by the standard agar dilution method 
against two fungi isolates: Aspergillus niger and Candida albicans and are as presented in Tables 2-6 below. 
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Table 1 Percentage Yield of the Vacuum Liquid Chromatography (VLC) and Gel Chromatography (Sephadex LH-20) 
Fractions 

VLC Fractions Weight (g) Percentage Yield (%w/w) 

JT1 0.0989 8.242a 

JT2 0.0779 6.492a 

JT3 0.0193 1.608a 

JT4 0.0093 0.775a 

JT5 0.0101 0.842a 

JT6 0.0068 0.567a 

JT7 0.0241 2.008a 

JT8 0.0055 0.458a 

JT9 0.0015 0.125a 

JT10 0.0624 5.200a 

JT11 0.0010 0.083a 

JT12 0.0015 0.125a 

JT13 0.0757 6.308a 

JT14 0.0553 4.608a 

JT15 0.0256 2.133a 

Sephadex LH-20 Fractions Weight (g) Percentage Yield (% w/w) 

JT2A 0.0011 1.412b 

JT2B 0.0030 3.851b 

JT2C 0.0104 13.35b 

JT2D 0.0088 11.296b 

JT2E 0.0317 40.693b 

aPercentage yield calculated from 1.2 g of crude extract; bPercentage yield calculated from 0.0779 g, Sephadex LH-20 (JT2) fraction. 

 

Table 2 Result of the Antimicrobial Activity of JT4 Fungal Fraction 

Concentration (mg/ml)/IZD (mm) 

Test Organisms 1 0.5 0.25 0.125 0.0625 Ciprofloxacin (50 µg/ml) DMSO 

Staphylococcus aureus  - - - - - 15.0±0.0 - 

Bacillus subtilis 4.5*±0.29 3.0*±0.0 - - - 11.0±0.0 - 

Escherichia coli - - - - - 13.0±0.0 - 

Pseudomonas aeruginosa 4.0*±0.0 2.5*±0.25 2.0±0.0 - - 14.0±0.0 - 

      Miconazole (50 µg/ml) DMSO 

Aspergillus niger 10.0*±0.0 6.0*±0.0 5.0*±0.0 4.0*±0.00 2.0*±0.0 23.0±0.0 - 

Candida albicans - - - - - 21.0±0.0 - 

All values are presented as Mean±SEM, n = 3, * = p < 0.05 compared to negative control (One-way ANOVA; Tukey’s post hoc), - = No Inhibition, IZD = 
Inhibition zone diameter, JT4 = n-Hexane: ethyl acetate (4:6) fraction. 
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Table 3 Result of the antimicrobial activity of JT2C Fungal Fraction 

Concentration (mg/ml)/IZD (mm) 

Test Organisms 1 0.5 0.25 0.125 0.0625 Ciprofloxacin (50 µg/ml) DMSO 

Staphylococcus aureus 3.5*±0.29 1.0±0.58 - - - 7.0*±0.0 - 

Bacillus subtilis - - - - - 11.0±0.0 - 

Escherichia coli 4.0±0.0 - - - - 19.0±0.0 - 

Pseudomonas aeruginosa 6.0*±0.0 2.0±1.0 - - - 16.0*±0.0 - 

      Miconazole (50 µg/ml) DMSO 

Aspergillus niger - - - - - 23.0±0.0 - 

Candida albicans - - - - - 21.0±0.0 - 

All values are presented as Mean±SEM, n = 3, * = p < 0.05 compared to negative control (One-way ANOVA; Tukey’s post hoc), - = No Inhibition, IZD = 
Inhibition zone diameter, JT2C = Sephadex LH-20 sub-fraction of JT2 

 

Table 4 Result of the Antimicrobial Activity of JT2D Fungal Fraction     

Concentration (mg/ml)/IZD (mm) 

Test Organisms 1 0.5 0.25 0.125 0.0625 Ciprofloxacin (50 µg/ml) DMSO 

Staphylococcus aureus 5.0 ±0.0 4.0 ±0.0 - - - 7.0±0.0 - 

Bacillus subtilis - - - - - 11.0±0.0 - 

Escherichia coli - - - - - 19.0±0.0 - 

Pseudomonas aeruginosa 4.0 ±0.0 - - - - 16.0±0.0 - 

      Miconazole (50 µg/ml) DMSO 

Aspergillus niger - - - - - 23.0±0.0 - 

Candida albicans - - - - - 21.0±0.0 - 

All values are presented as Mean ± SEM, n = 3, * = p < 0.05 compared to negative control (One-way ANOVA; Tukey’s post hoc), - = No Inhibition, IZD 
= Inhibition zone diameter, JT2D= Sephadex LH-20 sub-fraction of JT2. 

 

Table 5 Result of the Antimicrobial Activity of JT2E Fungal Fraction 

Concentration (mg/ml)/IZD (mm) 

Test Organisms 1 0.5 0.25 0.125 0.0625 Ciprofloxacin (50 µg/ml) DMSO 

Staphylococcus aureus 4.0* ±0.0 2.5* ±0.26 - - - 7.0*±0.0 - 

Bacillus subtilis - - - - - 11.0±0.0 - 

Escherichia coli 2.0 ±0.0 - - - - 19.0±0.0 - 

Pseudomonas aeruginosa 8.0* ±0.58 7.0* ±0.58 5.5* ±0.25 5.5* ±0.23 4.5* ±0.17 16.0±0.0 - 

      Miconazole (50 µg/ml) DMSO 

Aspergillus niger - - - - - 23.0±0.0 - 

Candida albicans - - - - - 21.0±0.0 - 

All values are presented as Mean±SEM, n = 3, * = p < 0.05 compared to negative control (One-way ANOVA; Tukey’s post hoc), - = No Inhibition, IZD = 
Inhibition zone diameter, JT2E= Sephadex LH-20 sub-fraction of JT2. 
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Table 6 Result of the Minimum Inhibitory Concentrations of Fungal Fractions against Test Organisms 

 MICs (mg/ml) 

Test organisms  JT2C JT2D JT2E JT4 

Staphylococcus aureus 0.5 0.5 0.5 - 

Bacillus subtilis - - - 0.5 

Escherichia coli 1.0 - 1.0 - 

Pseudomonas aeruginosa 0.5 1.0 - 0.125 

Aspergillus niger - - - - 

Candida albicans - - - - 
MIC =  Minimum Inhibitory Concentration 

 

Figure 1 HPLC Chromatogram and ultraviolent spectra showing detected compounds and some reported bioactivities 
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Figure 2 HPLC Chromatogram and ultraviolent spectra showing detected compounds and some reported bioactivities  

4. Discussion  

From the In vitro Antibacterial Studies of Fractions (JT4, JT2C-E), the minimum inhibitory concentration (MIC) 
calculated for fraction JT4 was 0.5 mg/ml and 0.25 mg/ml against Bacillus subtilis and Pseudomonas aeruginosa 
respectively. Also, the MIC calculated for fraction JT2C were 0.5, 0.5 and 0.25 mg/ml against Staphylococcus aureus, 
Escherichia coli and Pseudomonas aeruginosa respectively. The MIC calculated for fraction JT2D was 0.5 mg/ml and 1.0 
mg/ml for Staphylococcus aureus and Pseudomonas aeruginosa respectively and 0.25, 0.5 and 0.0625 mg/ml against 
Staphylococcus aureus, Escherichia coli and Pseudomonas aeruginosa for fraction JT2E respectively. This suggests that 
the fraction exhibited broad-spectrum antimicrobial activities. From the result of the In-vitro Antifungal Studies, The 
MIC value calculated was 0.0625 mg/ml against Aspergillus niger for fraction JT4 only. The data obtained from the 
antimicrobial activities of fraction JT4 showed that the fungi extract exhibited a significant effect against Bacillus subtilis, 
and Pseudomonas aeruginosa and antifungal activity against Aspergillus niger only. Bacillus subtilis was the most 
sensitive organism to the JT4 fraction of Colletotrichum species extract of V. amygdalina with the zone of inhibition of 
4.5 mm (MIC of 0.25 mg/ml) and the least sensitive organism to the same fungi extract was Pseudomonas aeruginosa 
with the zone of inhibition of 4.0 mm (MIC of 0.125 mg/ml) at the same concentration (1 mg/ml) respectively. From the 
HPLC-DAD Analysis result, five bioactive metabolites with known antimicrobial, anticancer, antioxidant, anti-
inflammatory, antiviral, antileukemic, and insecticidal activities were revealed. The VLC fraction, JT2 revealed indolyl-
3-acetic acid with a retention time of 28.37 min while the indole derivative with a retention time of 17.03 min was also 
identified in the crude extract. A previous report [33] isolated indolyl-3-acetic acid (IAA), an indole derivative containing 
a carboxymethyl substituent from the terrestrial Streptomyces baarnensis, MH4. Activities reported for the indole 
derivative Includes anti-inflammatory [34], antioxidant, anticancer [35], [36] and antimicrobial properties [37]. The 
fraction, JT4, of the VLC fractions revealed indole-3-carbaldehyde with a retention time of 23.54 min previously isolated 
from a marine sponge, Halichondria species [38] and from the terrestrial Streptomyces baanensis, MH4 [33]. Li et al. [38] 
reported the antifungal activity of Indole-3-carbaldehyde against Mortierella ramannianus. From the VLC fraction (JT5), 
Rocaglamid A with a retention time of 35.89 min was identified. Rocaglamid A is a flavagline that was reported by King 
et al. [39] as a novel antileukemic 1H-cyclopenta[b]benzofuran isolated from Aglaia elliptifolia. Janprasert et al. [40] 
reported Rocaglamid as a highly substituted benzofuran isolated and identified it as the active insecticidal constituent 
in the twigs of the Chinese rice flower bush, Aglaia odorata. Also, previous research [41] stated that Rocaglamid is a 
potent natural anti-cancer phytochemical that inhibits cancer growth at nanomolar concentrations. However, the 
compound Rocaglamid A isolated was previously isolated from Guignardia species from Undaria pinnatifida, a type of 
seaweed in Changdao Sea [42] and Neosartorya species of mature plants Cyperus malaccensis that dominates about one-
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third of the areas of estuaries and mangroves [43]. The VLC fraction, JT8 revealed acropyrone with a retention time of 
24.20 min, which was also identified in the crude extract with a retention time of 19.70. Acropyrone is an acetophenone 
dimer and a polyketide derivative that was previously isolated from Acronychia pedunculata and reported to exhibit 
cytotoxic activity [44], [45]. This study however is the first report of isolation of acropyrone from the endophytic fungi, 
Colletotrichum species on leaves of Vernonia amygdalina Del. The crude extract and VLC fraction, JT14 revealed 
Beauvericin with retention times of 2.04 and 3.88 min respectively. Beauvericin is a cyclic hexadepsipeptide that 
belongs to the enniatin antibiotic family. Beauvericin is a famous mycotoxin produced by many fungi, such as Beaveria 
bassiana. The antimicrobial activity of the Sephadex (JT2C, JT2D and JT2E) fractions against the tested pathogenic 
organisms showed that they are effective against Staphylococcus aureus at 1 – 0.5 mg/ml, Escherichia coli at 1 mg/ml 
and Pseudomonas aeruginosa at 1 – 0.0625 mg/ml of minimum inhibitory concentration. Fraction JT2C was moderately 
active against the bacterial strains of Staphylococcus aureus, Pseudomonas aeruginosa strains only as shown in tables 3 
and 6. Additionally, fraction JT2E showed pronounced efficacies, particularly against the human pathogenic bacterial 
strains of Pseudomonas aeruginosa with a maximum inhibition zone of 8.0 mm, 4.0mm against Staphylococcus aureus 
and 2.0 mm against Escherichia coli at 1 mg/ml. The activities of the fractions are concentration dependent which shows 
that increase in concentration will give rise to a wider zone of inhibition. However, the results showed that all the 
Sephadex fractions tested had no inhibitory effect against Bacillus subtilis, Aspergillus niger and Candida albicans. The 
values of the minimum inhibitory concentrations of the fungal fractions on the test organism evaluated were observed 
to range from 0.0625 – 0.25 mg/ml. Fraction JT2C recorded MIC of 0.5, 1.0 and 0.5 mg/ml against Staphylococcus aureus, 
Escherichia coli and Pseudomonas aeruginosa respectively while fraction JT2D had an MIC of 0.5 and 1.0 mg/ml for 
Staphylococcus aureus and Pseudomonas aeruginosa respectively. The MIC values of fraction JT2E against Staphylococcus 
aureus, Escherichia coli and Pseudomonas aeruginosa were 0.5 and 1.0 mg/ml respectively. MIC values were not 
recorded against Bacillus subtilis, Aspergillus niger and Candida albicans for all the fungal Sephadex fractions. The failure 
of the tested fractions to inhibit some of these microorganisms may be due to inactivation which is a mechanism by 
which microorganisms may circumvent the inhibitory action of antimicrobial agents. Similarly, it has been reported that 
metabolites of the endophytic fungus, Colletotrichum species had strong antimicrobial activity [46]. Developing 
countries are usually faced with a problem of fungal infestation and they cause disease in man, plants and animals [47]. 
Akinpelu [8] has reported that a 60% methanolic extract of the leaves of V. amygdalina had no effect against Candida 
albicans – a popular opportunistic pathogen of humans while Erasto, et al. [48] reported the activity of V. amygdalina 
against the fungi, Aspergillus niger. The result of this work showed inhibitory activity against both Gram-positive and 
Gram-negative bacteria and fungi indicating its broad spectrum of activity. From the results, it can be inferred that there 
is a high concentration of an active principle in the extracts of Colletotrichum species which also is in concordance with 
the HPLC analysis which revealed indole-3-carbaldehyde and indolyl-3-acetic acid known for their antifungal and 
antimicrobial activities respectively [37], [38]. According to a previous report [49], naturally found alkaloids have 
antimicrobial properties, and the indole derivatives (known to be a plant hormone) could be responsible for the 
antimicrobial activities of the plant. In addition, since the fungi endophyte was isolated from the leaves of V. amygdalina 
Del, it is suggestive of the fact that it provides some form of metabolite-mediated chemical defense to the host plant 
against invading pathogens. Studies [50], [51] implicated S. aureus, E. coli and P. aeruginosa as the leading causative 
agents of community infections which makes this study an important treatment option for infections caused by these 
organisms. Hence, justify the use of V. amygdalina in the treatment of wounds and some gastrointestinal problems in 
traditional medicine. The insecticidal activity of beauvericin was first reported by Hamill et al. [52] and subsequently, 
its insecticidal effect on a microgram level was investigated on Calliphora erythrocephala, Aedes aegypti, Lygus spp., 
Spodoptera frugiperda and Schizaphis graminum [53]. The cytotoxicity of beauvericin to human leukemia cells has been 
reported [54]. According to Shin et al. [55], beauvericin is the most effective inhibitor of the cyclic hexadepsipeptides 
(that inhibit HIV-1 integrase). Beauvericin has strong antibacterial activity against human, animal and plant pathogenic 
bacteria [56], with no selectivity between Gram-positive and Gram-negative bacteria and lacks antifungal activity. 
However, Zhang et al. [57] and Fukuda et al. [58] reported the antifungal activity of beauvericin in combination with 
ketoconazole or miconazole which may indicate its ability to enhance the activity of the azoles. 

5. Conclusion 

Natural sources have yielded many important new pharmaceuticals and utilizable products for a wide range of 
applications in the past and continue to be one of the most important sources of pharmacologically active compounds 
in the quest for drugs against life-threatening diseases on the leaves of Vernonia amygdalina Del., a medicinal, plant 
from Nigeria include acropyrone (cytotoxic activity), beauvericin (antimicrobial, antiviral, cytotoxic and insecticidal 
activities), indole-3-carbaldehyde (antifungal activity), indolyl-3-acetic acid (antimicrobial, anti-inflammatory, 
antioxidant, and cytotoxic activities), and rocaglamid A (antileukemic, cytotoxic, and insecticidal activities). In this 
study, we observed that the endophytic fungi, Colletotrichum spp., isolated from Vernonia amygdalina, produce some 
metabolites (fractions JT2C-E and JT4) that possess antimicrobial potentials, especially against human pathogenic 
bacterial strains and this, however, this can justify the use of the Vernonia amygdalina leaf in traditional medicine 
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practice as a therapeutic agent and can explain the traditional use of this plant in the treatment of a range of infections 
caused by these microorganisms. The present findings indicate that the antimicrobial properties of endophytic fungi 
associated with medicinal plants are considered a potential source of diverse bioactive metabolites that can be exploited 
for the development of new and effective antibiotics.  

Compliance with ethical standards 

Acknowledgments 

We are thankful to Prof. Dr. Peter Proksch of the Institute of Pharmaceutical Biology and Biotechnology, Heinrich Heine 
University, Düsseldorf, Germany for making their facilities available for HPLC analysis. The author is also grateful to 
Erhirhie Earnest of the Department of Pharmacology and Toxicology, Chukwuemeka Odumegwu Ojukwu University 
Igbariam for his technical assistance. 

Disclosure of conflict of interest 

The authors have no conflicts of interest to declare. All co-authors have seen and agree with the contents of the 
manuscript. We certify that the submission is original work and is not under review at any other publication.  

References 

[1] Stojanoski N. Development of health culture in Veles and its region from the past to the end of the 20th century. 
Veles: Society of science and art. 1999; 13:34. 

[2] Toplak GK. Domestic Medicinal Plants. Zagreb: Mosaic book. 2005; 60 – 61. 

[3] Okolo CC, Mbachu NA, Anyanwu OO, Ngwoke KG, Okoye FB. Screening for anti-inflammatory activity of extract 
and fractions of Morinda lucida stem bark and detection of bioactive secondary metabolite. GSC Biological and 
Pharmaceutical Sciences. 2021; 16(1):031-9. 

[4] Webber J. A natural biological control of Dutch elm disease. Nature. 1981 Jul; 292(5822):449-51. 

[5] Shiomi HF, Silva HS, Melo IS, Nunes FV, Bettiol W. Bioprospecção de bactérias endofíticas como agentes de 
biocontrole da ferrugem do cafeeiro. Scientia Agricola. 2006 Feb; 63(1):32-9. 

[6] Tan RX, Zou WX. Endophytes: a rich source of functional metabolites. Natural product reports. 2001; 18(4):448-
59. 

[7] Hamowia AM, Saffaf AM. Pharmacological studies on Vernonia amygdalina Del and Tithonia diversifolia Gray. 
Veterinary Medical Journal, Giza. (Egypt). 1994. 

[8] Akinpelu DA. Antimicrobial activity of Vernonia amygdalina leaves. Fitoterapia. 1999 Aug 1; 70(4):432-4. 

[9] Dahanukar SA, Kulkarni RA, Rege NN. Pharmacology of medicinal plants and natural products. Indian journal of 
pharmacology. 2000 Jul 1; 32(4): S81-118. 

[10]  Jisaka M, Ohigashi H, Takagaki T, Nozaki H, Tada T, Hirota M, Irie R, Huffman MA, Nishida T, Kaji M, Koshimizu 
K. Bitter steroid glucosides, vernoniosides A1, A2, and A3, and related B1 from a possible medicinal plant, 
Vernonia amygdalina, used by wild chimpanzees. Tetrahedron. 1992 Jan 1; 48(4):625-32. 

[11] Ijeh I, Nwugo VO, Obidoa O. Comparative studies on the nutritive Phyto-chemical and antimicrobial properties of 
two varieties of Vernonia amygdalina. Plant Pros. Res. Comm. 1996; 1:71-5. 

[12] Erasto P, Grierson DS, Afolayan AJ. Bioactive sesquiterpene lactones from the leaves of Vernonia amygdalina. 
Journal of Ethnopharmacology. 2006 Jun 15; 106(1):117-20. 

[13] Iwalokun BA, Efedede BU, Alabi-Sofunde JA, Oduala T, Magbagbeola OA, Akinwande AI. Hepatoprotective and 
antioxidant activities of Vernonia amygdalina on acetaminophen-induced hepatic damage in mice. Journal of 
medicinal food. 2006 Dec 1; 9(4):524-30. 

[14] Adaramoye OA, Akintayo O, Achem J, Fafunso MA. Lipid-lowering effects of methanolic extract of Vernonia 
amygdalina leaves in rats fed on high cholesterol diet. Vascular health and risk management. 2008 Feb; 4(1):235. 

[15] Kupchan SM, Hemingway RJ, Karim A, Werner D. Tumor inhibitors. XLVII. Vernodalin and vernomygdin, two new 
cytotoxic sesquiterpene lactones from Vernonia amygdalina Del. The Journal of organic chemistry. 1969 Dec; 
34(12):3908-11. 



World Journal of Biology Pharmacy and Health Sciences, 2023, 14(01), 031–042 

41 

[16] Jisaka M, Ohigashi H, Takagaki T, Nozaki H, Tada T, Hirota M, Irie R, Huffman MA, Nishida T, Kaji M, Koshimizu K. 
Bitter steroid glucosides, vernoniosides A1, A2, and A3, and related B1 from a possible medicinal plant, Vernonia 
amygdalina, used by wild chimpanzees. Tetrahedron. 1992 Jan 1; 48(4):625-32. 

[17] Izevbigie EB. Discovery of water-soluble anticancer agents (edotides) from a vegetable found in Benin City, 
Nigeria. Experimental Biology and Medicine. 2003 Mar; 228(3):293-8. 

[18] Oyugi DA, Luo X, Lee KS, Hill B, Izevbigie EB. Activity markers of the anti-breast carcinoma cell growth fractions 
of Vernonia amygdalina extracts. Experimental biology and medicine. 2009 Apr; 234(4):410-7. 

[19] Irene II, Onyechi O. Effect of dietary incorporation of Vernonia amygdalina. Del on AFB1 induced hepatotoxicity 
in weanling albino rats. Jamaican J Sci Technol. 2004; 15:32-6. 

[20] Kamatenesi-Mugisha M. Medicinal plants used in reproductive health care in Western Uganda: documentation, 
phytochemical and bioactivity evaluation. Department of Botany. Makerere University Kampala, Uganda. 2004. 

[21] Ijeh II, Igwe KK, Ejike CE. Effect of leaf aqueous extracts of Vernonia amygdalina Del on contraction of mammary 
gland and uterus of guinea pig dams. American Journal of Tropical Medicine and Public Health. 2011; 1:107-16. 

[22] Asawalam EF, Hassanali A. Constituents of the essential oil of Vernonia amygdalina as maize weevil protectants. 
Tropical and subtropical agroecosystems. 2006; 6(2):95-102. 

[23] Kabeh JD, Jalingo MG. Pesticidal effect of bitter leaf plant Vernonia amygdalina (Compositae) leaves and 
pirimiphos-methyl on larvae of Callosobruchus maculatus (Coleoptera: Bruchidae) and Sitophilus zeamais 
(Coleoptera: Curculionidae). International Journal of Agriculture and Biology (Pakistan). 2007. 

[24] Ibrahim ND, Abdurahman EM, Ibrahim G. Histological studies on the effects of chronic feeding of Vernonia 
Amygdalina Del. leaves on rats. Nigerian Journal of Surgical Research. 2000; 2(2):68-74. 

[25] Erasto P, Grierson DS, Afolayan AJ. Antioxidant constituents in Vernonia amygdalina. Leaves. Pharmaceutical 
biology. 2007 Jan 1; 45(3):195-9. 

[26] Hamill FA, Apio S, Mubiru NK, Mosango M, Bukenya-Ziraba R, Maganyi OW, et al. Traditional herbal drugs of 
southern Uganda: Part III: Isolation and methods for physical characterization of bioactive alkanols from Rubus 
apetalus. Journal of Ethnopharmacology. 2003, 87(1):15–9. 

[27] Eboh CV, Okolo CC, Anyanwu OO, Okoye NN, Ezeagha CC, Okoye FB. Metabolites of Colletotrichum species, an 
endophytic fungus isolated from Vernonia amygdalina Del possess antimicrobial and antioxidant activities. GSC 
Biological and Pharmaceutical Sciences. 2022; 20(3):148-59. 

[28] Ezra D, Hess WM, Strobel GA. New endophytic isolates of Muscodor albus, a volatile-antibiotic-producing fungus. 
Microbiology. 2004 Dec 1;150(12):4023-31 

[29] Cano J, Guarro J, Gené J. Molecular and morphological identification of Colletotrichum species of clinical interest. 
Journal of clinical microbiology. 2004 Jun; 42(6):2450-4. 

[30]  Zou WX, Meng JC, Lu H, Chen GX, Shi GX, Zhang TY, Tan RX. Metabolites of Colletotrichum gloeosporioides, an 
endophytic fungus in Artemisia mongolica. Journal of natural products. 2000 Nov 27; 63(11). 

[31] Aida P, Rosa V, Blamea F, Tomas A, Salvador C. Paraguayan plants used in traditional medicine. Journal of 
Ethnopharmacology. 2001; 16:93-8. 

[32] Russell AD, Furr JR. The antibacterial activity of a new chloroxylenol preparation containing ethylenediamine 
tetraacetic acid. Journal of Applied Bacteriology. 1977 Oct; 43(2):253-60. 

[33] Nasr H, Abdel-Aziz MS, Radwan MO, Shaaban M. Bioactive secondary metabolites from terrestrial Streptomyces 
baarnensis MH4. British Journal of Pharmaceutical Research. 2015 Jan 1; 5(1):72. 

[34] Jones LH, Abdalla DS, Freitas JC. Effects of indole-3-acetic acid on croton oil-and arachidonic acid-induced mouse 
ear edema. Inflammation Research. 1995 Sep; 44(9):372-5. 

[35] Wardman P. Indole-3-acetic acids and horseradish peroxidase: a new prodrug/enzyme combination for targeted 
cancer therapy. Current pharmaceutical design. 2002 Jul 1; 8(15):1363. 

[36] Jeong YM, Oh MH, Kim SY, Li H, Yun HY, Baek KJ, Kwon NS, Kim WY, Kim DS. Indole-3-acetic acid/horseradish 
peroxidase induces apoptosis in TCCSUP human urinary bladder carcinoma cells. Die Pharmazie-An 
International Journal of Pharmaceutical Sciences. 2010 Feb 1; 65(2):122-6. 



World Journal of Biology Pharmacy and Health Sciences, 2023, 14(01), 031–042 

42 

[37] Trinagaraju K, Prasad AV, Rao PV, Prasad PS. Synthesis, characterization and biological activity of 3-indole acetic 
acid. International Journal of International Journal of Novel Trends in Pharmaceutical Sciences. 2015; 5:21. 

[38] Li HY, Matsunaga S, Fusetani N. Simple antifungal metabolites from a marine sponge, Halichondria sp. 
Comparative Biochemistry and Physiology Part B: Comparative Biochemistry. 1994 Feb 1; 107(2):261-4. 

[39] King ML, Chiang CC, Ling HC, Fujita E, Ochiai M, McPhail AT. X-ray crystal structure of rocaglamide, a novel 
antileulemic 1 H-cyclopenta [b] benzofuran from Aglaia elliptifolia. Journal of the Chemical Society, Chemical 
Communications. 1982(20):1150-1. 

[40] Janprasert J, Satasook C, Sukumalanand P, Champagne DE, Isman MB, Wiriyachitra P, Towers GN. Rocaglamide, a 
natural benzofuran insecticide from Aglaia odorata. Phytochemistry. 1992 Dec 23; 32(1):67-9. 

[41] Li‐Weber M. Molecular mechanisms and anti‐cancer aspects of the medicinal phytochemicals rocaglamides 
(flavaglines). International journal of cancer. 2015 Oct 15; 137(8):1791-9. 

[42] Feng-Wu WA. Bioactive metabolites from Guignardia sp., an endophytic fungus residing in Undaria pinnatifida. 
Chinese journal of natural medicines. 2012 Jan 1; 10(1):72-6. 

[43] Karamchand KS, Sridhar KR, Bhat R. Diversity of fungi associated with estuarine sedge Cyperus malaccensis Lam. 
Journal of Agricultural Technology. 2009; 5(1):111-27. 

[44] Kouloura E, Halabalaki M, Lallemand MC, Nam S, Jove R, Litaudon M, Awang K, Hadi HA, Skaltsounis AL. Cytotoxic 
prenylated acetophenone dimers from Acronychia pedunculata. Journal of Natural Products. 2012 Jul 27; 
75(7):1270-6. 

[45] Ito C, Matsui T, Ban Y, Wu TS, Itoigawa M. Acetophenones Isolated from Acronychia pedunculata and their Anti-
proliferative Activities. Natural product communications. 2016 Jan; 11(1):1934578X1601100125. 

[46] Lu H, Zou WX, Meng JC, Hu J, Tan RX. New bioactive metabolites produced by Colletotrichum sp., an endophytic 
fungus in Artemisia annua. Plant science. 2000 Feb 7; 151(1):67-73. 

[47] Schwin FJ. Economic Importance of Fungicides Resistance. In: Dekker, J. and Georgopoulous, S. (Eds) Fungicides 
Resistance in Crop Protection. Puac: Wageningen. 1982:16 – 23. 

[48] Erasto P, Grierson DS, Afolayan AJ. Bioactive sesquiterpene lactones from the leaves of Vernonia amygdalina. 
Journal of Ethnopharmacology. 2006 Jun 15; 106(1):117-20. 

[49] Das K, Tiwari RK, Shrivastava DK. Techniques for evaluation of medicinal plant products as antimicrobial agent: 
Current methods and future trends. Journal of medicinal plants research. 2010 Jan 18; 4(2):104-11. 

[50] Branger C, Zamfir O, Geoffroy S, Laurans G, Arlet G, Thien HV, Gouriou S, Picard B, Denamur E. Genetic background 
of Escherichia coli and extended-spectrum β-lactamase type. Emerging infectious diseases. 2005 Jan;11(1):54. 

[51] Oteo J, Lázaro E, de Abajo FJ, Baquero F, Campos J. Antimicrobial-resistant invasive Escherichia coli, Spain. 
Emerging Infectious Diseases. 2005 Apr; 11(4):546. 

[52] Hamill RL, Higgens CE, Boaz HE, Gorman M. The structure of beauvericin, a new depsipeptide antibiotic toxic to 
Artemia salina. Tetrahedron Letters. 1969 Jan 1; 10(49):4255-8. 

[53] Jestoi M. Emerging Fusarium-mycotoxins fusaproliferin, beauvericin, enniatins, and moniliformin—A review. 
Critical reviews in food science and nutrition. 2008 Jan 2;48(1):21-49 

[54] Cheng CK, Chang KC, Lee YJ. Antiproliferative effect of beauvericin on retinoblastoma. 2009 Dec 1; 7(4):161-9. 

[55] Shin CG, An DG, Song HH, Lee C. Beauvericin and enniatins H, I and MK1688 are new potent inhibitors of human 
immunodeficiency virus type-1 integrase. The Journal of antibiotics. 2009 Dec; 62(12):687-90. 

[56] Meca G, Sospedra I, Soriano JM, Ritieni A, Moretti A, Manes J. Antibacterial effect of the bioactive compound 
beauvericin produced by Fusarium proliferatum on solid medium of wheat. Toxicon. 2010 Sep 1; 56(3):349-54. 

[57] Zhang L, Yan K, Zhang Y, Huang R, Bian J, Zheng C, Sun H, Chen Z, Sun N, An R, Min F. High-throughput synergy 
screening identifies microbial metabolites as combination agents for the treatment of fungal infections. 
Proceedings of the National Academy of Sciences. 2007 Mar 13; 104(11):4606-11. 

[58] Arai M, Yamaguchi Y, Masuma R, Tomoda H, Omura S. New Beauvericins, Potentiators of Antifungal Miconazole 
Activity, Produced by Beauveria sp. FKI-1366 I. Taxonomy, Fermentation, Isolation and Biological Properties. 
The Journal of antibiotics. 2004 Feb 25; 57(2):110-6. 


