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Abstract 

Background: Anogeissus acuminata leaf extract is utilized in the different purposes. Objective: 

Antibacterial activity of organic solvent fractions of crude leaf extract of Anogeissus acuminata was used 

against multidrug-resistant strains of 9 pathogenic bacteria isolated from urine samples of patients with 

urinary tract infections. Methodology: The n-butanol fraction revealed effective control over pathogens, 

and the zone size was 21 mm as a measure of antibacterial activity against Proteus mirabilis. The gas 

chromatography-mass spectroscopy analysis indicated the presence of 15 phyto-compounds with docking 

score values -5 to -7 kcal/mol in a molecular docking attempt against β-lactamase of Pseudomonas 

aeruginosa. Results: The isolated chemicals, conocarpan and dihydrodehydrodiconiferyl alcohol, had 

comparatively effective docking scores, -10.908 and -10.081 kcal/mol, respectively. In toxicity testing, the 

experimental minimum inhibitory concentration value was 600 mg/L, and the computed lethal 

concentration25 value was 1698.24 mg/L during cytotoxicity assay; it was observed that comet was not 

found in the cells treated leaf extract. Conclusion: The isolated compounds conocarpan and 

dihydrodehydrodiconiferyl alcohol achieved successful docking scores against -lactamase in the molecular 

docking attempt. When the leaf extract was seen using lymphocytes grown from UCB, it was determined 

that it had no host toxicity. [Bangladesh Journal of Infectious Diseases, December 2024;11(2):93-101] 
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Introduction 

Anogeissus species (fam. Combretaceae) is widely 

used as ethnomedicines by tribes and communities 

in Asia and Africa. Mainly, Anogeissus acuminata, 

a timber-yielding plant native to South Asia, is used 

as ethnomedicines mainly in gastric disorders, 

diarrhea, dysentery, skin diseases, wounds, cough, 

burns as well as diabetes1-2. The presence of several  

 

bioactive secondary metabolites such as alkaloids, 

anthraquinones, essential oils, flavonoids, 

glycosides, saponins, steroids, tannins, terpenoids, 

and xanthones was elucidated, which are a priory, 

responsible for diverse ethnomedicinal uses3. 

Previously, the screening of methanolic leaf 

extracts of 21 timber-yielding plants, including A. 

acuminata, had been elucidated in vitro control of 

(MDR) strains of 9 UTI-causing Gram-positive 
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(GP) and Gram-negative (GN) bacteria isolated 

from urine samples in hospitalized patients4.  

Furthermore, it has often been reported that 

pathogenic bacteria resist the applied antibiotics5,6. 

In the odyssey of the development of drugs, there 

had been several chemical manipulations of existing 

drugs/antibiotics along with the addition of newer 

antibiotics7.  Progressively, bacteria resistant to 

several antibiotics emerge, and multidrug-resistant 

(MDR) strains predominate; consequently, the 

spectrum of antibiotics in present use becomes 

selectively effective5,8. Specifically in empiric 

therapy, the failure of the employed antibiotic(s) 

causes an infection to proceed to BSI, ending up 

intractable bacteremia and fatality, and a physician 

prescribes an antibiotic of a higher generation in 

anticipation of failure of administered antibiotic. In 

this perspective, searching for newer antibiotics/ 

antimicrobials/ drugs from conventional and non-

conventional sources would be prudent.  

This paper describes the antibacterial activities of 

crude leaf extracts of A. acuminata and fractions 

were extracted using five non-polar and polar 

solvents. The best solvent fraction was used against 

MDR strains of nine pathogenic bacteria isolated 

from urine samples of in-house patients and outdoor 

patients reporting urinary tract infection (UTI). The 

best solvent fraction was used for gas 

chromatography-mass spectroscopy (GC-MS) 

analysis to locate lead compounds that could be the 

coveted antimicrobial agents. Moreover, the 

advanced bioinformatics tool, molecular docking of 

characterized phyto-constitutes by GC-MS analysis 

along with reported phytochemical, conocarpan, 

and dihydrodehydrodiconiferyl alcohol was 

attempted against β-lactamase enzyme of the 

pathogenic bacterium, Pseudomonas aeruginosa for 

individual activity. The crude plant extract was 

tested for possible host toxicity by monitoring its 

activity against human lymphocytes cultured from 

umbilical cord blood (UCB). This study is 

anticipated to be useful in the drug development 

module with two lead plant chemicals. 

Methodology 

Study Design and Settings: This study investigates 

the antibacterial potential of a plant leaf extract 

using in vitro and in silico methods, GC-MS 

analysis, and cytotoxicity testing. Fresh leaves were 

evaluated, and the extract's antibacterial activity 

was estimated using the agar well diffusion method. 

Major bioactive components were identified 

through GC-MS analysis, and molecular docking 

experiments were conducted to determine their 

binding affinity with bacterial target proteins. An 

In-vitro cytotoxicity study of crude leaf extract was 

done with UCB using acridine orange/ethidium 

bromide (AO/EB) staining. 

Bioassay-guided fractionation of leaf extract: A 

methanolic extract of the dried leaf powders of A. 

acuminata was obtained by hot extraction method 

using a Soxhlet apparatus, and the crude methanol 

extract was subjected to a bioassay-guided 

fractionation by solubilizing in water followed by a 

sequential partition with an additional four solvents, 

n-hexane, chloroform, ethyl acetate, and n-butanol. 

The extract was filtered and concentrated, as 

detailed9. 

Antibiotic sensitivity and antibacterial activity: 

Two GP bacteria, Staphylococcus aureus and 

Enterococcus faecalis, and 7 GN bacteria, 

Acinetobacter baumannii, Citrobacter freundii, 

Enterobacter aerogenes, Escherichia coli, 

Klebsiella pneumoniae, Proteus mirabilis, and 

Pseudomonas aeruginosa, were isolated from 

clinical samples5. Bacterial strains were subjected to 

antibiotic sensitivity tests by Kirby-Bauer’s disc 

diffusion method, following the standard antibiotic 

susceptibility test, as described5. The antibacterial 

activities of the seven solvent fractions (Merck, Hi-

Media) were determined using the agar-well 

diffusion method10. 

GC-MS analysis: The GC-MS analysis of the n-

butanol fraction was carried out using an instrument 

equipped with a VF-5ms fused-silica capillary 

column of 30 m length, 0.25 mm diameter, and 0.25 

mm film thickness. An electron ionization system 

with an ionization energy of 70 eV was used as the 

detector. Helium gas (99.99 %) was used as the 

carrier gas at the constant flow rate of 1.51 mL/min. 

The injector and mass transfer line temperatures 

were 200 and 240ºC, respectively. The oven 

temperature was programmed from 70 to 220ºC at 

10ºC/min, held constant for 1 minute, and finally 

increased to 300ºC at 10ºC/min. Diluted fraction 

samples in aliquots of 2 mL were manually injected 

in the split-less mode with the split ratio 1:40 and a 

mass scan range of 50-600 AMU, with a running 

time of 60 minutes. 

Identification of Compounds: Phytochemicals of 

the biologically active fraction (the n-butanol 

fraction) were identified by comparing their mass 

spectra fragmentations and retention indices with 

those stored in the following databases: 

NIST14.LIB (Stein SE National Institute of 

Standards and Technology, Mass Spectral Database 

and Software version 2.2, NIST, Gaithersburg, 
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USA, 2014) and WILEY11.LIB11. For the 

molecular docking study, individual chemical 

structures were designed by Chem-Draw software, 

and the other two chemicals were retrieved from the 

PubChem database 

(https://pubchem.ncbi.nlm.nih.gov/). The target 

enzyme, β-lactamase enzyme of Pseudomonas 

aeruginosa with PDB ID: 4NK3, was retrieved 

from Protein Data Bank 

(http://www.rcsb.org/pdb/home/home.do), and a 

docking study was carried out using software, Auto 

Dock Vina12. An In-vitro cytotoxicity study of 

crude leaf extract was done with UCB using 

acridine orange/ethidium bromide (AO/EB) 

staining13. 

Statistical Analysis: The data was stored in 

Microsoft Excel and analyzed using IBM-Statistical 

Package for the Social Sciences (SPSS, Version 23) 

software to convert the percentage responses to 

probits automatically. 

Ethical Clearance: Approval for the study was 

obtained from the Institutional Ethics Committee 

(IEC), Centurion University of Technology and 

Management, Bhubaneswar.  

Results 

Antibacterial activities of 5 solvent fractions were 

monitored by the agar–well diffusion method on 

separate lawn cultures of 9 bacterial isolates, 2 GP 

and 7 GN bacteria.  

The n-butanol leaf fraction registered the maximum 

zone diameter of inhibition against S. aureus as 28 

mm, and the minimum zone size against P. 

mirabilis was 21 mm. The n-hexane and chloroform 

fractions individually registered low antibacterial 

activity compared to the other three solvent 

fractions (Table 1).  

 

Table 1: Antibacterial assay by agar-well diffusion method of hot solvent leaf extract 

fractions of Anogeissus acuminata against MDR UTI pathogenic bacteria 
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Figure I: Gas chromatography-mass spectrometry chromatogram of the n-butanol fraction of 

Anogeissus acuminata 

Bacteria n-Hexane Chlor-

oform 

Ethyl 

acetate 

n-Butanol Methanol Gentamicin 

(30µg/ml) 

Enterococcus faecalis 13 18 23 26 24 25 

Staphylococcus aureus 16 21 25 28 27 28 

Acinetobacter baumannii 12 17 19 23 22 20 

Citrobacter freundii 11 19 17 24 24 21 

Enterobacter aerogenes 10 15 15 22 21 23 

Escherichia coli 14 20 16 24 19 27 

Klebsiella pneumoniae 12 16 18 23 21 20 

Proteus mirabilis 15 15 17 21 20 23 

Pseudomonas aeruginosa 15 17 21 27 24 26 
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Table 2:  Phyto-components Identified in n-butanol Fraction of Leaf Extract of Anogeissus 

acuminata 

Pea

k 

RT 

(min) 

Area Area 

(%) 

M.W. M.F. Name and class of compounds 

1 38.63 5,952,871.0 0.974 278 C20H38 3-eicosyne (alkyne) 

2 39.89 1,616,438.9 0.264 306 C20H40O 1,21-docosadiene (alkadine) 

3 41.09 1,306,406.9 0.214 226 C14H26O2 Citronellyl isobutyrate (ester) 

4 41.54 3,122,980.2 0.511 268 C18H36O 9-octadecen-1-ol, (E)- (alcohol) 

5 43.94 67,972,776.0 11.119 296 C22H42 Phytol (steroidol) 

6 44.16 2,800,062.2 0.458 198 C12H22O2 6-octen-1-ol, 3,7-dimethyl-, 

acetate(ester) 

7 44.38 3,503,395.5 0.573 138 C10H18 2,6-octadiene, 2,6-dimethyl- 

(alkadiene) 

8 44.50 23,105,936.0 3.780 222 C16H30 8-hexadecyne(alkyne) 

9 44.86 49,055,816.0 8.025 270 C17H34O2 Hexadecanoic acid, methyl 

Ester(ester) 

10 45.74 1,468,473.1 0.240 156 C10H20O 2-octen-1-ol, 3,7-dimethyl-( alkene) 

11 49.58 10,877,252.0 1.779 214 C13H26O2 Dodecanoic acid, methyl ester(ester) 

12 50.56 22,220,580.0 3.635 164 C6H13Br Butane, 2-bromo-2,3-dimethyl-( 

alkane) 

13 51.12 7,156,221.5 1.171 298 C19H38O2 Octadecanoic acid, methyl 

ester(ester) 

14 52.28 83,221,960.0 13.614 740 C20H60O10Si10 Cyclodecasiloxane, eicosamethyl-( 

silane ether) 

15 53.13 4,478,469.0 0.733 532 C16H48O6Si7 Heptasiloxane, hexadecamethyl-

(silane) 

Table 3: Chemical Structure and Biological Activity of the Identified Compounds 

Peak Chemical structure Biological activity References 

1 
 

antimicrobial, antioxidant Swamy et al.,2015; Verma et al., 

2016. 

2 
 

antimicrobial, insecticidal Eid, 2015; Halawa et al., 2007 

3 

 

antimicrobial, 

antiplasmodial 

Wangchuk et al., 2013; 

Kuljanabhagavad et al., 2010 

4  No activity reported  

5 
 

antimicrobial, 

antinociceptive, antioxidant 

Santos et al., 2013; Ghaneian et al., 

2015 

6 

 

No activity reported  

7 

 

antimicrobial Wei and Wee, 2012 

8 
 

antifungal Hossain and Rahman, 2011 

9 

 

antimicrobial, anticancer, 

antioxidant, anti-

inflammatory 

Ajoku et al., 2015; Belakhdar et al., 

2015 

10 
 

antioxidant Sasikala and Chandra Mohan, 2014 

11 

 

antibacterial, antiviral, 

antifungal 

Belakhdar et al., 2015 
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Peak Chemical structure Biological activity References 

12 

 

No activity reported  

13 
 

antimicrobial Gehan et al., 2009; Belakhdar et 

al., 2015 

14 

 

Antimicrobial, antioxidant Nehal et al, 2016; Boominathan 

and Bakiyalakshmi, 2016 

15 

 

Antibacterial, antioxidant Mohy El-Din and El-Ahwany, 

2015 

 

The phytochemical screening of the n-butanol leaf 

fraction of A. acuminata revealed the presence of 

alkaloids, glycosides, terpenoids, steroids, saponins, 

and tannins, the GC-MS analysis (Figure I). The 

chemical profiles of the identified compounds, their 

retention time, percentage peak area, molecular 

formula, molecular weight, structure, nature of the 

compound, and reported activity (Tables 2 and 3).  

The GC-MS analysis clearly showed the presence 

of 15 biologically active compounds in A. 

acuminata (area %): (1) 3-eicosyne (0.97 %); (2) 1, 

21-docosadiene (0.26 %); (3) citronelly is butyrate 

(0.21 %); (4) 9-octadecen-1-ol, (E)- (0.51 %); (5) 

phytol (11.12 %); (6) 6-octen-1-ol, 3,7-dimethyl-, 

acetate (0.45%); (7) 2,6-octadiene, 2,6-dimethyl- 

(0.57 %); (8) 8-hexadecyne (3.78 %); (9) 

hexadecanoic acid, methyl ester (8.02 %); (10) 2-

octen-1-ol, 3,7-dimethyl-  (0.24 %);   

 

(11) Dodecanoic acid, methyl ester (1.77 %); (12) 

Butane, 2-bromo-2,3-dimethyl- (3.63 %); (13) 

Octadecanoic acid, methyl ester (1.17 %); (14) 

cyclodecasiloxane, eicosamethyl- (13.61 %); and 

(15) heptasiloxane, hexadecamethyl- (0.73 %). The 

GC-MS spectrum confirmed the presence of 15 

peaks of different compounds with retention times 

of 38.63, 39.89, 41.09, 41.54, 43.94, 44.16, 44.38, 

44.50, 44.86, 45.63, 48.39, 49.58, 50.56, 51.12, 

52.28 and 53.13 minutes, respectively. The mass 

spectrometer characterized the compounds at 

different times to identify the chemical nature and 

structure of the eluted compounds. The large 

compounds fragment into small compounds giving 

rise to peaks at different m/z ratios (Supplementary 

Figure 1A-O).  

Table 4: Docking scores and drug-likeness values of phytochemicals of Anogeissus acuminata 

from GC-MS analysis of two reported phytochemicals against β-lactamase of Pseudomonas 

aeruginosa 

Sl. No. Phytochemicals/ antibiotic Docking score 

(kcal/mol) 

Drug-likeness score  

1 3-eicosyne  -5.241 -1.18 

2 1,21-docosadiene  -6.080 -1.03 

3 Citronellylisobutyrate, (E)- -7.842 -1.07 

4 9-octadecen-1-ol -5.672 -1.11 

5 Phytol -7.763 -0.87 

6 6-octen-1-ol, 3,7-dimethyl-, acetate -6.431 -0.92 

7 2,6-octadiene, 2,6-dimethyl- -5.815 -1.05 

8 8-hexadecyne -6.643 -1.18 

9 Hexadecanoic acid, methyl Ester -5.897 -1.21 

10 2-octen-1-ol, 3,7-dimethyl- -6.093 -1.14 

11 Dodecanoic acid, methyl ester (ester) -7.756 -1.28 

12 Butane, 2-bromo-2,3-dimethyl- (alkane) -7.041 -1.24 

13 Octadecanoic acid, methyl ester -5.698 -1.28 

14 Cyclodecasiloxane, eicosamethyl- -6.513 -1.37 
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Sl. No. Phytochemicals/ antibiotic Docking score 

(kcal/mol) 

Drug-likeness score  

15 Heptasiloxane, hexadecamethyl- (silane) -7.890 -1.16 

16 Conocarpan* -10.908 0.13 

17 Dihydrodehydrodiconiferyl alcohol* -10.081 0.13 

18 Ampicillin** -10.515 0.20 

* Isolated phytochemicals; **Used standard antibiotic in docking study. 

 

 

Figure II: Protein-ligand interaction during 

docking study; A) and B) views two different 

interaction of the phytochemical, conocarpan; C) 

and D) views of two different interactions of 

antibiotic, ampicillin against β-lactamase of 

Pseudomonas aeruginosa through PyMOL 

software. 

In the molecular docking attempt, phytochemicals 

identified by GC-MS had docking score values 

(Table 4) within -5 and -7 kcal/mol. Still, the 

isolated chemicals, conocarpan and  

 

 

dihydrodehydrodiconiferyl alcohol had effective 

docking scores, -10.908 and -10.081kcal/mol, 

respectively (Figure II).  

This preliminary GC-MS analysis confirmed that 

the active fraction of A. acuminata contains several 

classes of phytochemicals with lower molecular 

weight and are synergistically active against MDR 

pathogens, in vitro. Furthermore, the leaf extract 

might be containing more active constituents with 

high molecular weight including, conocarpan and 

dihydrodehydrodiconiferyl and those would be 

isolated in the future using column 

chromatography. Percent lethality (PL) values 

recorded from AO/EB staining and MTT assay as 

cytotoxicity and corresponding probit values were 

used to construct the probit plot for individual LC 

values (Table 5). 

Treatment of cells with graded concentrations of 

leaf extract for 24 hr resulted in a slow decreasing 

pattern of living cell counts. Single-cell gel 

electrophoresis was carried out to study DNA 

damage of the cells treated with graded 

concentrations of leaf extract. It was observed that 

the comet was not found in the cells treated with 

leaf extract (Figure III).  

Table 5: Lethality Values During Leaf Extract Toxicity to Human Lymphocytes Growing in DMEM, 

assessed by AO/EB staining with probits. 

Concentration of 

leaf extract (mg/L) 

Log10 

concentrations 

Lethality of cells by 

AO/EB staining (%) 

Probits of the lethality of 

cells by AO/EB staining 

0 - - - 

300 2.47 - - 

600 2.77 6.8 3.51 

900 2.95 8.2 3.61 

1200 3.07 13.4 3.89 

1500 3.17 17.6 4.06 

1800 3.25 21.4 4.21 

2100 3.32 24.8 4.32 

2400 3.38 31.2 4.51 

2700 3.43 32.4 4.54 

3000 3.47 33.1 4.56 
*AO/EB: Acridine orange/ethidium bromide; DMEM: Dulbecco’s modified Eagle’s medium 
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Figure III: AO/EB staining: A) Control 

lymphocytes; B) Lymphocytes after growing 

with 1800 mg/L leaf extract of A. acuminata; 

Comet assay: C) Control lymphocytes; D) 

Lymphocytes after growing with 1800 mg/L leaf 

extract of A. acuminata. 

The Experimental minimum inhibitory 

concentration (MIC) value was 600 mg/L and the 

computed LC25 value was 1698.24 mg/L during 

cytotoxicity (Figure IV). As the plant is non-toxic, 

LC100 values could not be obtained. 

 

Figure IV: Probits of percentage lethality values 

plotted against log10 concentrations of leaf 

extract of A. acuminata in the toxicity study of 

lymphocytes; log10 concentration values were 

determined, taking probit points by AO/EB 

staining. 

Discussion 

Indeed, phyto-drugs, when scaled up clinically, 

could control resistant bacteria, which can never 

win over natural phytochemicals of non-microbial 

origin. The roles of crude Phyto extracts in 

traditional medicine used by ethnic and elite masses 

in developed and developing countries for hundreds 

of age-tested plants are enormous. Without testing 

host toxicity, commercial formulations of plant 

drugs are produced by several pharmaceutical 

companies now, generating millions of US dollars. 

Well-known companies market alternative 

phytomedicines, and those have been popular 

worldwide; in the US mainly, phyto-medicines have 

been used for lowering blood pressure, coagulation 

effects, cardiac effects, sedative effects, controlling 

infective ailments and cancer, etc14,15 and 

integrative medicine system has been followed for 

an eclectic effect, wherein the regular allopathic 

medicines are mixed up with phyto-drugs as 

conjugate druggable agents for treating acute 

diseases, including cancer16,17. The use of crude 

plant extracts in infusions has been growing 

unusually popular worldwide, mainly consisting of 

a 63% use of plant products for acute diseases, 

cancer, and heart problems; this is a new concept, 

neo-herbalism18,19. Furthermore, even for the 

treatment of osteoarthritis, herbal medicines have 

been popular in the US20-22. Herbal products are 

widely held today for health-boosting preventives 

by the WHO. They would be deeply held for more 

specific needs as complementary and alternate 

medicines (CAMs) if those could be scaled as 

remedial measures without any dyslogistic 

prejudice, often seen with phyto-drugs23,24. As it is, 

host toxicity testing of non-edible plant products 

remains an essential pharmacological work in CAM 

before being recommended as a drug.  

Three novel bio-active complex tannins of the 

group flavano-ellagitannins, viz., anogeissinin, 

anogeissusins A, and B, along with 8 known C-

glycosidic hydrolysable tannins, acutissimins A, 

acutissimins C, eugenigrandin A, castalin, cas-

talagin, vescalagin carboxylic acid, castamollinin 

and grandinin were isolated from a 60 % aqueous 

acetone extract of stem bark, through size exclusion 

method with Sephadex LH-20 column 

chromatography25. Furthermore, the methanolic 

bark extract was partitioned between chloroform 

and water and the former fraction was subjected to 

separation by silica gel column chromatography 

yielding the following compounds, astilbene, 

pterostilbene, conocarpan, 

dihydrodehydrodiconiferyl alcohol, anolignan A, 

anolignan B, anolignan C, (-)-se-

coisolariciresinol26,27. High-performance liquid 

chromatography (HPLC) analysis of methanol sub-

fraction crude methanol extract of stem bark 

revealed 2.30mg/g of xanthones2,3. Conocarpan, 

dihydrodehydrodiconiferyl alcohol, and 

pterostilbene isolated from stem showed in-vitro 

cytotoxicity in various cancer cell lines. 
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The GC-MS analysis of the n-butanol fraction of A. 

acuminata revealed several secondary metabolites 

with therapeutic properties, such as antibacterial, 

antifungal, anti-inflammatory, anticancer, 

antioxidant, and wound-healing activities. The 

compounds with higher percentages in peak areas, 

namely, phytol (11.1%), 8-hexadecyne (3.8%), 

hexadecanoic acid, methyl ester (8.02), Dodecanoic 

acid, methyl ester (1.8%), Octadecanoic acid, 

methyl ester (1.2%), cyclodecasiloxane, 

eicosamethyl- (13.6%) are present in the n-butanol 

fraction. These six compounds have previously 

been reported to have medicinal properties. Acyclic 

diterpene alcohol and phytol have antimicrobial, 

antinociceptive, and antioxidant activities, and 8-

hexadecyne, an alkyne, has antifungal activity28-30. 

The saturated fatty acids, hexadecanoic acid methyl 

ester, dodecanoic acid methyl ester, and 

octadecanoic acid methyl ester have antimicrobial, 

anticancer, antioxidant, and anti-inflammatory 

activities31,33. Cyclodecasiloxane, eicosamethyl-, a 

silane ether, has antimicrobial and antioxidant 

activities34-35.  

Conclusion 

This preliminary GC-MS analysis confirmed that 

the active fraction of A. acuminata contains several 

classes of phytochemicals with lower molecular 

weight and is synergistically active against 9 MDR 

pathogens, in vitro. In the molecular docking 

attempt, the isolated chemicals, conocarpan and 

dihydrodehydrodiconiferyl alcohol had effective 

docking scores, against β-lactamase.  The leaf 

extract had been seen as not having host toxicity 

when monitored with lymphocytes cultured from 

UCB. 

Supplementary Material 

Supplementary material relating to this paper is available 

online and includes Fig. 1 A-O.  
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