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ABSTRACT

A. cordifolia has various pharmacological as well as therapeutic potentials. This present study was to determine
antibacterial and phytochemical potentials of A. cordifolia fractions against uropathogens and molecular docking of
bioactive compounds. Standard procedures were used in crude extraction and fractionation of the extract.
Antibacterial susceptibility was performed using standard protocol. Spectroscopic analysis as well as molecular
docking of the bioactive compounds were carried out following standard protocol; and 16S rRNA sequencing
standard protocol was used to confirm the uropathogens previously isolated from urine. Antibacterial activities of
the fractions revealed remarkable inhibitory activities against all the test bacterial isolates and were in the
descending order: butanol>ethyl-acetate>dichloromethane>aqueous. The MIC index showed that butanol fraction
is bactericidal. Gas Chromatography-Mass Spectroscopy results revealed the presence of fifteen (15) and thirteen
(13) compounds for butanol and ethyl acetate fractions respectively. Major phytoconstituents identified include:
eicosanoic acid, 4H-cyclopentacyclooctane, Ethyl iso-allocholate and Pregna-5,16-dien-20-one, 3-(acetyloxy)-16-
methyl-, (3B)- from butanol fraction and Pregna-5,16-dien-20-one, 3-(acetyloxy)-16-methyl-, (3B)-, hexadecenoic
acid, and 10-hydroxy, methyl ester from ethyl acetate. The drug-likeness and pharmacokinetic ADMET of the
compounds indicated possible novel drugs for treatment of bacterial infections. These results are promising and
point to the possible use of Pregna-5,16-dien-20-one, 3-(acetyloxy)-16-methyl-, (38) and Ethyl iso-allocholate as
alternative sources of antibacterial agent.

KEYWORDS: ADMET, Molecular Docking, Uropathogens, Alchornea cordifolia, ligands, protein targets.

INTRODUCTION parasitic infections; and the leaf have been reported to be

Alchornea cordifolia, a straggling shrub generally found
along the coastal regions of West Africa belongs to the
Euphorbiaceae family, and it is widely used in Africa, as
a remedy for several illnesses (Effo et al., 2013 and
Sinan et al., 2021). Its common name is “Christmas
Bush” and it is called “Mbom” by the Ibibio and Efik
tribes. Elsewhere in Nigeria, it is called “Banbani” in
Hausa/Fulani, “Ipaesinyin” in Yoruba and “Ububo” in
Igbo (Ebenyi et al., 2017). The plant can grow up to 9.8
m tall in swampy areas (Ebenyi et al., 2017). The leaf
and stems of the plant are used traditionally as
therapeutic agents to treat various kinds of diseases in
Africa (Ebenyi et al., 2017 and Djimeli et al., 2017).
Previous studies showed several pharmacological
activities of A. cordifolia such as antimicrobial,
(including antimalarial, and anti-diarrhoeal activities);
anti-inflammatory, antioxidant and anti-diarrhoeal (Effo
et al.,, 2013; Djimeli et al., 2017). A. cordifolia is
traditionally used for the treatment of a number of
bacterial (mostly urinary tract infection), fungal and

an effective wound healing agent (Asimole et al., 2022).

Multidrug-resistance (MDR) is considered a global
emergency because of its attendant treatment failure,
high cost and mortality (Addis et al., 2021). It is
estimated that 700,000 people died annually worldwide
due to drugs resistant pathogens, and by 2050 it is
projected that 10 million lives annually and cumulatively
100 trillion of US dollars of economic output will be at
risk due to rise of drug-resistant bacterial infection and
reducing global GDP by up to 3.5% (Kourkouta et al.,
2017; Nyandjou, 2017). The emergence of strains
harbouring extended-spectrum beta-lactamases (ESBLS)
is a global health challenge. Extended-spectrum beta-
lactamases are group of enzymes, produced by Gram-
negative bacteria that confer resistance to some of the
world’s commonly prescribed antibiotics, including
penicillin, aminoglycosides, first, second and third
generation cephalosporins, etc. (Giwa et al., 2018;
Ahmed et al., 2022 and Teferi et al., 2023). The major
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targets for antibiotics are structural proteins, or signalling
molecules that are essential for bacterial survival such as
cell wall, cell membrane genes, protein synthesis, folic
acid metabolism, DNA and RNA synthesis (Singh et al.,
2021). Uropathogens have evolved various mechanisms
of resistance such as target modification, efflux pump,
escape from immune surveillance of host, and enzyme
catalysed destruction to escape the effects of
antimicrobial agents previously used in UTIs treatment
and management (Yun et al., 2014; Zhou et al., 2015;
Nain et al., 2015 and Sharma et al., 2016). This has led
to the search for alternative treatment options from
different sources, including medicinal plants (Chikowe et
al., 2024). Curative potentials of plants materials are well
documented in many literatures, and are due particularly
to the presence of pharmacologically important
constituents (secondary metabolites) (llusanya et al.,
2012; Okagu et al., 2018). Secondary metabolites found
in medicinal plants possess arrays of pharmacological
activities like antibacterial, antifungal, antioxidant,
anticancer and anti-inflammation properties
(Maduabuchi and Tobechukwu, 2023; Okagu et al.,
2018).

Medicinal plants are screened for the presence of
phytochemical compounds using analytical techniques
such as Fourier Transform Infrared (FT-IR) and Gas
Chromatography-Mass Spectrometry (GC-MS) (Okereke
et al., 2017). FT-IR and GC-MS methods have been
respectively used in recent years to detect functional
groups and identify a variety of bioactive therapeutic
compounds present in medicinal plants (Okagu et al.,
2018). GC-MS is one of the most effective, rapid, and
precise method for detecting a wide variety of chemicals,
including alkaloids, esters, alcohols, organic acids,
steroids, long-chain hydrocarbons and amino acids using
small amount of plant extracts. The unknown organic
compounds in a complex mixture can be determined by
the interpretation and also by matching the spectra with
the database (Maduabuchi and Tobechukwu, 2023).

Computer based approaches have emerged as advanced
techniques that can be used to screen bioactive
compounds derived from medicinal plants for drugs
discovery. Computational prediction models (predictive
tools) are crucial in guiding the methodology selection
process for pharmaceutical and technology research.
They have also been used in in silico forecast of
pharmacokinetic, pharmacological and toxicological
performance (Mir et al., 2022). At Present, molecular
docking is an efficient and cost-effective approach for
developing and testing pharmaceuticals. This approach
investigates numerous attaching mechanisms of actions
against a specific biological receptor (usually protein) in
order to evaluate the most effective interaction
mechanism (Chaudhary and Tyagi, 2024). Furthermore,
this technique facilitates systemic investigation by non-
covalently placing a molecule into the binding site of an
object macromolecule, resulting in specific binding at the
active sites of every ligand (Chaudhary and Tyagi, 2024;

Chikowe et al., 2024). Therefore, the current study was
conducted to evaluate the antibacterial and
phytochemical properties of A. cordifolia fractions
against uropathogens and in-silico analysis for the most
abundant compounds against some target proteins.

Taxonomical classification of A. cordifolia
Kingdom: Plantae

Division: Tracheophyta

Class: Magnoliopsida

Order: Malpighiales

Family: Euphorbiaceae

Genus: Alchornea

Species: A. cordifolia.

MATERIALS AND METHODS

Collection and authentication of plant materials

Fresh leaves of A. cordifolia were obtained from the
botanic farm, Department of Pharmacognosy and Natural
Medicine, Faculty of Pharmacy, University of Uyo, Uyo,
Akwa lbom State, Nigeria. The plant was identified and
authenticated by a plant taxonomist in the Department of
Pharmacognosy and Natural Medicine, Faculty of
Pharmacy, University of Uyo, Uyo and the specimen
deposited in the herbarium unit of the Department and a
voucher number UUPH 31(b) allocated.

Phenotypic identification of bacterial stains

The test uropathogens used in this study were stock
cultures of Bacillus thuringiensis, Staphylococcus
aureus, Proteus mirabilis, Klebsiella pneumoniae,
Escherichia coli, Enterobacter cloacae and E. aerogenes
previously obtained from urine specimen of urinary tract
infection patients (Ekpiken et al., 2024). The stock
bacterial cultures were sub-cultured into nutrient agar
medium and grown for 18-24 h at 37 °C until visible
colonies emerged on the plate. The bacterial strains were
maintained in nutrient agar slant for molecular
identification.

Molecular characterisation and identification of
bacterial isolates

The maintained nutrient agar slant was grown on nutrient
agar plates and a single visible colony was inoculated
into sterile tryptic soy broth for DNA extraction. The
cultures were grown overnight and centrifuged at 5, 000
rpm for 5 min at room temperature and the cell pellet
was washed with Tris buffer (10 mM Tris-HCI, 1 mM
EDTA and 0.1 M NaCl, pH 8.0) and treated with
lysozyme and RNase at 37 °C. The suspension was
further treated with 15 pL of 20% sodium dodecyl
sulphate (SDS) at 65 °C for 30 min and 3 pL of
proteinase K at 65 °C at 2 h. The mixture was mixed
with NaCl and the supernatant was collected after
centrifugation. An equal amount of alcohol was added to
the supernatant to precipitate DNA. The DNA was
suspended in Tris-EDTA buffer after washing with 70%
alcohol, air-dried at room temperature for approximately
3 h (Kaur et al., 2020). The 16S rRNA sequence of the
bacterial isolates was amplified using universal primers:
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27F (5'-AGAGTTTGATCCTGGCTCAG-3') and 1525R
(5'-AAGGAGGTGATCCAGCC-3"). The PCR reaction
mix (66.3 pL) was composed of 10 pL of 5XGo Taq
buffer, 3 pL of 25 mM MgCl,, 1 pL of 10 mM of dNTPs
mix, 42 pL of molecular grade water, 1 pL each of the
forward and reverse primers, 8 pL of DNA template and
1.3 pL of Tag DNA polymerase (Kaur et al., 2020;
Akbar et al.,, 2022). The PCR was performed in a
thermocycler (Applied Biosystem Inc., USA). The PCR-
amplified product was purified using a PCR or Gel
extraction kit following manufacturer’s guide. The
purified PCR products of 16S rRNA were sequenced
following Sanger method (Franca et al., 2002) using a
Genetic Analyzer 3130xI sequencer (Applied Biosystem
Inc., USA). The sequences obtained were used for gene
similarity search against the National Centre for
Biotechnology Information (NCBI) database using Basic
Local Alignment Search Tool (BLAST) algorithm. The
16S rRNA sequences of all the isolates were submitted in
the NCBI GenBank database
(https://www.ncbi.nlm.nih.gov/search/all/?term=)  and
accession numbers obtained.

Plant extraction and fractionation of extract

The leaves of the plant were washed thoroughly with
running tap water, shade dried at room temperature (25-
30 °C) for 2 weeks, and pulverized using laboratory
mortar and pestle. The coarse particles were further
reduced to fine power using electric blender. A.
cordifolia leaf (200.0 g) was macerated with 2.0 L of
70% ethanol at room temperature for 72 h with
occasional agitation at interval. The extract was
concentrated by evaporation using a water bath at 60 °C,
and then stored at 4 °C for future purposes. Exactly 50.0
g of the extract was dissolved in 500.0 mL of distilled
water and partitioned successively and exhaustively with
ethyl acetate, dichloromethane (DCM) and n-butanol
using a separating funnel (1,000.0 mL) capacity to obtain
their respective fractions (Abubakar and Haque, 2020).
The fractions were concentrated in vacuo at 35 °C to
dryness.

Antibacterial activity of fractions of A. cordifolia leaf
ethanol extract

Agar well diffusion method was used to determine the
antibacterial activities of the various fractions of A.
cordifolia leaves ethanol extract according to the method
adopted by Gonelimali et al. (2018). About 0.1 mL of the
standardized bacterial suspension was spread on the
surface of dry Mueller-Hinton agar plates and allowed to
seed. A sterile 6 mm cork borer was used to bore five
equidistant wells on the seeded agar plates, while the
sixth well was used for negative control (10% DMSOQ).
About 0.1 mL of the various concentrations of the
fractions (500, 250, 125, 62.5 and 31.25 mg/mL) was
transferred into the wells. The seeded plates were left at
room temperature for 15 min to allow for proper
diffusion of the fractions into the agar plates and
thereafter incubated at 37 °C for 24 h. The antibacterial
assay was performed in duplicate. Antibacterial assay of

the fractions was determined by measuring the diameter
of zone of inhibition to the nearest millimeter with a
ruler. The measured diameter of zone of inhibition was
interpreted according to (Udoh et al., 2019). The
inhibition zone values >13 mm = sensitive, 10-12 mm =
moderately sensitive and <10 mm = Resistant. The
minimum inhibitory concentration (MIC) and minimum
bactericidal concentration (MBC) values for the extract
were also determined.

Mechanism of antibiosis of butanol fraction of A.
cordifolia leaf ethanol extract

The mechanism of antibiosis of the extracts was
calculated using the MIC index ratio as described by
Mogana et al. (2020) to determine whether the observed
antibacterial activities were static or cidal. MIC index
ratio <4, was considered as bactericidal effect and MIC
ratio > 4, was considered as bacteriostatic effect.

Gas Chromatography Mass Spectroscopy (GC-MS)
analysis

The GC-MS analysis of A. cordifolia fractions was done
using methods described by Dandekar et al. (2015). The
extract was dissolved in methanol and the inert gas,
helium was used as carrier gas with the flow rate of 1
mL/min. HP5 column with specification length of 30
mm, internal diameter 0.32 mm, film of 0.25 mm and
temperature limit -60 °C to 325 °C (350 °C) was used.
The total run time of GC was 35 minutes. The oven
temperature was raised from 70 °C up to 280 °C with the
rate of 8 °C per minute rise in temperature. Exactly 4.0
pL of the sample was injected through the injector. The
MS was taken at 70eV. The identification of compounds
was done by comparing the spectrum of unknown
compounds with the spectrum of known compounds
available in the computer library of National Institute of
Standard and Technology (NIST MS 2.0) and the name,
molecular weight, molecular formular and structure
determined.

Molecular docking simulation

Ligands and Targets Preparation

The ligands identified using GC-MS and target proteins
used in this study were downloaded from the PubChem
(https://www.pubchem.ncbi.nim.nih.gov) and RCSB
(https://www.rcsb.org) databases in SDF and PDB
formats respectively. The protein targets were prepared
using the Biovia Discovery Studio software by
eliminating water molecules from the structures,
identifying the active binding sites and addition of
hydrogen molecules to the protein structures. Similarly,
the ligands were created and designed using ChemSketch
software tool (www.acdlabs.com) (Dahiru et al., 2024).

Molecular docking

The molecular docking protocol was carried out using
the AutoDock Vina wizard to determine the binding
affinity with exhaustiveness value set to 15. The ligand-
target docked complexes were save in PDB and
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visualized in 2D and 3D conformation using BioVia
Discovery Studio visualizer (Dahiru et al., 2024).

ADMET prediction and drug likeliness

The pharmacokinetics parameters (ADMET) (absorption,
distribution, metabolism, excretion, and toxicity) of the
ligands were predicted using SWISS ADME
(www.swissadme.ch/) online tool to determine their drug
likeliness and medicinal chemistry (Daina et al., 2017).

RESULTS

Molecular characterisation and identification of bacterial
isolates The results of the molecular characterisation and
identification of isolated bacterial isolates based on 16S
rRNA conserved gene sequences using universal primers
is presented in Table 1. The result represents the NCBI

BLAST result of the bacterial isolates showing the
accession number, % similarity, E value and query cover.
Seven bacterial isolates comprising five Gram- negative
bacteria and two Gram-positive bacteria were identified
using National Centre for Biotechnology Information
(NCBI). The gene sequences were deposited in the
GenBank database and accession numbers of the
bacterial isolates obtained. Figure 1 shows the gel
electrophoresis of the amplified bacterial DNA
conserved region. The result showed that the bacterial
DNA from the isolates aligned along 1,500 bp DNA
molecular weight ladder. This indicates that the isolated
bacterial DNA were seemingly identical and the
sequence percentage similarity ranged from 99.84% to
100%.

Table 1: NCBI BLAST Showing the Identity of the Bacterial Isolates.

Sample ID | Scientific Name Max Total Q‘uely g % Ident. Accession
Score Score Cover value No.
GHU-01 Bacillus thuringiensis 1884 1884 100% 0 100.00 OR605730
GMU-07 Proteus mirabilis 2250 15558 100% 0 100.00 OR605733
GHU-09 Enterobacter cloacae 2575 2575 100% 0 100.00 OR605737
GMU-12 Enterobacter aerogenes 2250 2250 100% 0 99.92 OR605738
GHU-010 Staphyvlococcus aureus 2290 2290 99% 0 99.84 ORS875985
GHU-05 Escherichia coli 2266 2266 99% 0 99.84 OR875986
GHU-06 Klebsiella pneumoniae 2283 2283 99% 0 100.00 OR875987
Mk 1 2 3 4 5 b 7
1500bp

Fig.ure 11: Agarose Gel electrophoresiserogram showing the positive amplification of the 16S rRNA partial
amplicon from the selected bacterial isolates. Lane 1= P. mirabilis, Lane 2= E. aerogenes, Lane 3= E. cloacae,
Lane 4=S. aureus, Lane 5 = E. coli, Lane 6= K. pneumoniae, Lane 7= B. thuringiensis.

Antibacterial assay of fraction of A. cordifolia leaf
ethanol extract

Antibacterial activity spectra of fractions of A. cordifolia
leaf ethanol extract is presented in Table 26. n-Hexane
fraction showed small zones of inhibitions against E.
aerogenes 2, B. thuringiensis and S. aureus, which has
inhibition zones less than 12.0+0.0 mm at 500 mg/mL
and other bacterial isolates showed no resistance having
with no inhibition zone. Observably, dichloromethane

fraction showed better activity than n-hexane fraction as
it showed varying degrees of inhibitory zones against all
the isolates at 500 and 250 mg/mL ranging from
11.0+1.0 to 19.0+£1.0 mm. P. mirabilis and E. aerogenes
were also susceptible to the fraction at 125 mg/mL,
however, the least concentration showed no inhibition
effect against the bacterial isolates Conversely, butanol
fraction showed remarkable large inhibition zones
against the test bacterial isolates at 500 mg/mL to 62.5
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mg/mL, ranging from 10.0+2.0 to 26.0£1.0 mm,
however, E. cloacae, K. pneumoniae and S. aureus and
did not show activity at 31.25 mg/mL but smaller zones
of inhibition were observed in P. mirabilis, E. aerogenes,
B. thuringiensis and E. coli. Ethyl acetate fraction
showed inhibitory zones against all bacterial isolates up
to 125 mg/mL, however, antibacterial activity against K.
pneumoniae was observed up to the least concentration;
and against S. aureus and B. thuringiensis, activity was
also observed up to 62.5 mg/mL. Aqueous fraction
showed smaller inhibition zone against P. mirabilis at
500 mg/mL and large inhibition zones against E. coli at
500 mg/mL and 250 mg/mL.

The MIC and MBC of butanol fraction of A. cordifolia
leaf against the test bacteria is presented in Table 3. The
MIC ranged between 31.25 mg/mL and 125 mg/mL
against all the test bacterial isolates, and the least was
observed in Gram negative bacteria. The MBC ranged
from 62.5 mg/mL to 125 mg/mL for all bacterial isolates,
and the MIC indices ranged between 1.0 to 4.0,
indicating a bactericidal agent.

GC-MS identification of compounds in A. cordifolia
fractions

The GC-MS results of butanol and ethyl acetate fractions
of A. cordifolia leaf ethanol extract revealed the presence

of fifteen (15) and thirteen (13) phytochemical
compounds respectively. The identities of the bioactive
compounds were confirmed based on the peak area and
retention time (Table 4 and Table 5). The GC-MS
chromatogram of the butanol and ethyl acetate fractions
of A. cordifolia leaf ethanol extract is shown in Figure 2.
The major phytoconstituents in the butanol fraction were
Eicosanoic acid (20.93%), 4H-Cyclopentacyclooctene,
decahydro- (16.74%), Benzene, (2-ethyl-4-methyl-1,3-
pentadienyl)-, (E)- (11.26%), Octadecanoic acid (9.78%),
1,4-Methanoazulene-9-methanol, decahydro-4,8,8-
trimethyl-, [1S-(10,3ap,40,8aB,9R*)]- (9.28%), Pregna-
5,16-dien-20-one,  3-(acetyloxy)-16-methyl-,  (3p)-
(6.52%) Ethyl iso-allocholate (5.23%), Docosanoic acid,
1,2,3-propanetriyl ester (4.03%), Linoleic acid ethyl ester
(3.39%), Octacosanol (3.65%), Hexadecanoic acid, 1,1-
dimethylethyl ester (2.32%). Similarly, the major
phytoconstituents in the ethyl acetate fraction were
Pregna-5,16-dien-20-one,3-(acetyloxy)-16-methyl-, (3p)-
(37.79%), Hexadecanoic acid, 10-hydroxy-, methyl ester
(14.21%), Oleic acid (9.70%), 1,4-Eicosadiene (7.52%),
7-Tetracyclo [6.2.1.0(3.8)0(3.9)] undecanol (5.80%), y-
Sitosterol, 9,12-Octadecadienoic acid (4.22%) each. The
molecular structures of eight (8) major phytoconstituents
identified in the butanol and ethyl acetate fractions of A.
cordifolia leaf ethanol extract is presented in Figure 2.

Table 2: Antibacterial activities of fractions of A. cordifolia leaf ethanol extract against bacterial isolates.

Concentrations of fractions (mg/mL) and mean zone of inhibitions (mm)

Test Isolates Ethyl acetate Aqgueous

31.25 62.5 125 250 500 31.25 | 625 125 250 500
E. cloacae NZI NZI 9.0+£1.0 13.0£0.0 | 15.0+0.0 NZI NZI NZI NZI NZI
P. mirabilis NZI NZI 11.0+0.0 | 14.0£1.0 | 18.0+0.0 NZI NZI NZI NZI 11.0£0.0
E. aerogenes NZI NZI 11.0£1.0 | 15.0£#1.0 | 19.5+15 NZI NZI NZI NZI NZI
B. thuringiensis NZI 12.540.5 | 15.0+0.0 | 20.0+1.0 | 24.0+1.0 NZI NZI NZI NZI NZI
E. coli NZI NZI 10.0£0.0 | 13.0£0.0 | 16.0+1.0 NZI NZI NZI 12.0£1.0 | 16.0£1.0
K. pneumoniae 11.0£#1.0 | 13.0£#1.0 | 16.0+£1.0 | 21.0+1.0 | 25.0+1.0 NZI NZI NZI NZI NZI
S. aureus NZI 10.0£1.0 | 13.0+£1.0 | 16.0+1.0 | 22.0+1.0 NZI NZI NZI NZI NZI

Table 2: Cont’d: Antibacterial activities of fractions of A. cordifolia leaf ethanol extract against bacterial isolates.

Concentrations of fractions (mg/mL) and mean zone of inhibitions (mm)
Test Isolates DCM | Butanol
31.25 62.5 125 250 500 31.25 62.5 125 250 500

E. cloacae NZI NZI NZI 11.0£0.0 15.5+£0.5 NZI 10.0£2.0 | 10.0£1.0 | 14.0+1.0 | 20.5+0.5
P. mirabilis NZI 9.0+0.0 | 12.0+£2.0 | 15.0+1.0 19.0+1.0 9.0+£1.0 | 12.5+#1.5 | 15.5#0.5 | 20.0+0.0 | 24.0+1.0
E. aerogenes NZI 10.0£0.0 | 11.0+£1.0 | 13.5+.05 15.0£0.0 | 115415 | 12.0+1.0 | 14.0+0.0 | 16.0+1.0 | 25.0£0.0
B. thuringiensis NZI NZI NZI 11.5+0.5 13.5£1.5 9.0+£1.0 10.5+1.5 | 10.0+0.0 | 12.5+0.5 | 15.5%0.5
K. pneumoniae NZI NZI NZI 14.5+£0.5 16.5+£0.5 NZI 13.0£1.0 | 15.0£1.0 | 22.0+1.0 | 26.0+1.0
S. aureus NZI NZI NZI 14.0£0.0 17.5+£0.5 NZI 9.0+£1.0 11.0£1.0 | 14.0£1.0 | 16.0+1.0
E. coli NZI NZI NZI 14.5+£0.5 155405 | 12.0£1.0 | 14.0+0.0 | 16.0+1.0 | 17.0+1.0 | 20.0£1.0

Table 3: MIC, MBC and MIC index values of butanol fraction of A. cordifolia ethanol leave extract against test

bacterial isolates.

Concentrations (mg/mL)

Test Isolates cordifolia butanol fraction
MIC MBC MIC INDEX
K. pneumoniae 31.25 62.5 2.0
E. coli 31.25 62.5 2.0
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S. aureus 62.5 62.5 1.0
E. aerogenes 31.25 125 4.0
E. cloacae 62.5 62.5 1.0
P. mirabilis 125 125 1.0
B. thuringiensis 125 125 1.0

Table 4: Bioactive compounds identified from butanol fraction of A. cordifolia leaf by GC-MS.

Peak R. T_|me Area % Name of Compounds Molecular
(min) Formular
1 5.435 1.997 Tridecane Ci3Hog
2 5.543 1.580 cis-7-Tetradecen-1-ol Cy4H550
3 6.224 2.315 Hexadecanoic acid, 1,1-dimethylethyl ester CyoH1005
4 6.379 1.724 9,12-Octadecadienoic acid (Z,2)- C1H3,0,
5 6.819 11.258 Benzene, (2-ethyl-4-methyl-1,3-pentadienyl)-, (E)- CyyHig
6 6.871 6.519 Pregna-5,16-dien-20-one, 3-(acetyloxy)-16-methyl-, (38)- | Cy4H3403
7 6.922 9.778 Octadecanoic acid C1gH360,
8 7.020 3.645 Octacosanol CgHs50
9 7.077 1.577 y-Sitosterol CxoH500
10 7.151 20.934 Eicosanoic acid CyoH400,
11 7.455 3.398 Linoleic acid ethyl ester CooH360,
1,4-Methanoazulene-9-methanol, decahydro-4,8,8-
12 7.500 9218 | frimethyl-, [1S-(1a,3a8,40,8aB,.9R*)]- C15H260
13 7.592 16.735 4H-Cyclopentacyclooctene, decahydro- Ci1Hyg
14 7.643 5.233 Ethyl iso-allocholate Co6H1405
15 10.922 4.030 Docosanoic acid, 1,2,3-propanetriyl ester CeoH13406
Table 5: Bioactive compounds identified from ethyl acetate fraction of A. cordifolia leaf by GC-MS.
Peak R. Tlme Area % | Name of Compounds Molecular
(min) Formular
1 3.655 2.534 Ethylbenzene CgH1o
2 4.491 2.608 Hexanoic acid CsH1,0,
3 5.435 1.851 Octadecanoic acid C1gH360,
4 6.814 14.206 Hexadecanoic acid, 10-hydroxy-, methyl ester Cq7H3404
5 6.871 4.220 9,12-Octadecadienoic acid CygH10,
6 6.917 7.522 1,4-Eicosadiene CyoHag
7 7.014 3.491 1.2-cis-9-Octadecenyloxyethano
8 7.100 3.273 Pentadecanoic acid Cy7H340,
9 7.495 37.799 Pregna-5,16-dien-20-one,3-(acetyloxy)-16-methyl-, (3)- Co4H3403
10 7.580 4.220 y-Sitosterol CyHs50
11 8.336 2.780 1,4-Methanoazulen-7(1H)-one Ci5H2,0
12 9.034 5.801 7-Tetracyclo[6.2.1.0(3.8)0(3.9)]Jundecanol CysH,,0
13 10.911 9.703 Oleic acid C39H7503
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Elcosanoic acid

Octadecanoic acid

Benzene, (2-ethyl-4-methyl-1,3-pentadienyl)-, (E)

Pregha-s,lﬁ-dien-zo-one, 3-(acetyloxy)-16-methyl-, (3B)-

Le

CH

Hexadecanoic acid, 10-hydroxy-, methyl ester

Ethyl iso-allocholate

9,12-Octadecadienoic acid, (2-phenyl-1,3-dioxolan-4-yl) methyl ester, trans-

y-Sitosterol

Fig. 2: Structures of major phytochemical constituents identified in the butanol and ethyl acetate fraction of A.
cordifolia leaf ethanol extract using Gas Chromatography-Mass Spectrometry (GC-MS).

Selection of Ligands and Protein Targets

The list of the ligands and protein targets are presented in
Table 6 and Table 7 including their PubChem ID and
PDB ID respectively. The ligands were selected from the
GC-MS results for the docking analysis. The standard
drug (ciprofloxacin) was downloaded from drugBank
database (www.go.drugbank.com/drugs). The detailed
molecular docking results, amino acid residues, bond
length and binding affinity are presented in Table 8 and
Figure3. From the docking results, the ligands were
observed to show better affinity to the protein targets,
except 6HIX hat showed equal binding affinity with the
standard rugs. Also, the molecular interactions involved
in the selected complexes and the amino acids present is
presented in Table 9. The results revealed formation of
bond and non-bond interactions predominantly made up
of hydrogen bond and alkyl bond. Other bonds formed
include: carbon-hydrogen (C-H) bond, pi-alkyl bond, pi-
anion bond, pi-sigma and, amide-pi stacked and halo-
bond.

Table 6: List of Ligands.

The results of drug-likeness parameters of the ligands are
presented in Table 10, and SwissADME online tool was
used to predict in silico drug-likeness parameters and
ADMET features of the ligands. The ligands were
predicted to be moderately soluble with high
gastrointestinal absorption level. Moreso, the ligands
have a lipophilicity, water solubility and skin permeation
values of PAM (4.11 Log Pow, -4.64 Log S and -5.14
cm/s) and EIA (2.18 Log P o, -3.84 Log S and -6.37
cm/s), which is within the acceptable limit. Furthermore,
PAM is blood brain barrier (BBB) permeable while EIA
is not. Also, the oral bioavailability of the ligands is
within the acceptable limit. Moreso, all drugs-likeness
rules (Lipinski, Ghose, Veber, Muegge and Egan) of the
ligands were with no violation. Although, no PAINS alert
was predicted, however, there was one lead-likeness
violation in the ligands. Synthetic accessibility score of
5.17 and 4.91 was observed for PAM and EIA.

Ligands PubChem ID
Pregna-5,16-dien-20-one,3-(acetyloxy)-16-methyl-, (3%)- (PAM) | 7091834
Ethyl iso-allocholate (EIA) 6452096
Ciprofloxacin (CPX) (Standard) DB00537
Table 7: List of Protein Targets.
Protein Targets PDB ID | Microbial Source | Reference
Dihydrofolate reductase 1RG7 E. coli Sawaya and Kraut 1997
Penicillin-binding protein 704C S. aureus Martinez-Caballero et al., 2023
AcrB multidrug efflux pump | 8FFK K. pneumoniae Zhang et al., 2023
Structural protein 4ASS B. thuringiensis Hartley and Bennett, 2009
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Cell adhesion

6H1X

P. mirabilis

Jiang et al., 2018

Lipid transport

6MIT

E. cloacae

Owens et al., 2019

Table 8: Molecular docking interactions between 6 different proteins (4ASS, 6H1X, 6MIT) with 4 ligands
(Ciprofloxacin, EIA and PAM) and 3 proteins (1RG7, 704C and 8FFK) with 2 ligands (Ciprofloxacin and PAM).

Interaction | Amino acid residue Bond length (A) Binding affinity (kcal/mol)
4ASS+PAM ﬁ?’g‘ G:42, SER Gi78, SER 1.84, 2.87, 3.06 7.2
PHE H:58, LYS H:54, PRO
\4ASS+EIA H:55. SER G:53 4.97,4.90, 5.21, 4.20, 3.32 -7.8
ASP G:21, ASN H:62, LEU 3.37,5.18, 2.11, 4.54, 2.57,
AASSHCPX G:52, DT Y:16, PRO H:55 3.27,4.60 11
6H1X+PAM | ALAAATHISAZIAILE 31 541,365,230, 5.30 52
ILE A:42, ALA A:47, ARG
6HIX+EIA | A:52, HIS A:214, TYR A:50, 2'12'821'65’3%12’153'13’;'566’ -5.2
ASN A:174 T e
TYR A:50, ARG A:52, HIS
6H1X+CPX A:214, ILE A:42 2.67,7.80,3.17,5.1 -5.2
TYR A:47, THR A:45, PHE
6MIT+PAM A46, VAL A'18 2.05,4.42,2.73,5.22 -8.0
PRO A:37, GLU A:163, ASP
A:162, TYR A:47, THR 2.89, 3.35, 4.97, 2.84, 2.70,
SMIT+EIA A:45,LYS A:11, VAL A:19, 4.56,5.22, 4.56, 3.93 8.4
TYR A:13, VAL A:18
HIS A:195, ASN B:196, ASP
6MIT+CPX | B:194, ALA B:166, GLU 4.95,212,270,3.13,4.47, -7.1
. 3.14
B:163
ARG A: 52, PHE A:31, ILE
1RG7+PAM A'50, ASN A18 2.32,3.72,4.73,4.74, 2.70 -8.70
LYS A:32, ARG A:52, LEU
1RG7+CPX A28, ILE A:50 2.36,2.31, 3.82,5.40 -7.10
704C+PAM LYS A:649 5.48 -5.80
PRO A:646, LYS A:649,
704C+CPX SER A:621, GLU A632 4.66, 2.95, 2.45, 3.22 -5.10
8FFK+PAM LYS B: 292, SER B:79 2.30, 2.40 -8.4
LYS A:131, LYS B:110,
ASN B:70, GLY A:173, ASP 3.64, 5.27, 3.36, 4.20, 4.48,
BFFK¥CPX | A'174: 4.48, GLN B: 67, 3.31,2.98, 4.97 8.1
SER A: 167, LEU B: 113
Table 9: Molecular interactions involved in the selected complexes and the amino acids present.
. Hydrogen Carbon- . Pi- Pi- Amide-Pi )
Interaction bond Hydrogen bond Alkyl Pi-Alkyl anion sigma stacked Halo-bond
s
6MIT+EIA GLU163 VAL19 | TYR13
TYRa7 VAL18
THR45
LYS32
1RG7+CIP ARG52 ILES0 LEU28
ARG52
1RG7+PAM ASN18 PHE31 ILES0 PHE31
704C+PAM LYS649
LYS110
ASN70
8FFK+PAM GLN67 LYS131 LEU113 ASP174 GLY173 ASN70
SER167
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Figure 3: Molecular interactions of various proteins and ligands.

Table 10: ADMET properties of the three modelled compounds (PAM and EIA).

Compounds PAM EIA Acceptable Limits

Physicochemical Properties

Formula C24H3403 C26H4405 -

Molecular weight g/mol 370 436 <500 g/mol

Fraction Csp3 0.73 0.95 -

Num. rotatable bonds 3 6 <10

Num. H-bond acceptors 3 5 <10

Num. H-bond donors 0 4 <5

Molar Refractivity 99.43 106.78 -

Topological polar surface area (TPSA) 43.37 A2 97.99 A2 <140 A2

Lipophilicity

Log Po/w (iLOGP) 3.21 0.00 -2t06

Log Po/w (XLOGP3) 4.57 3.20 -2t0 6

Log Po/w (WLOGP) 4.62 3.03 -2t0 6

Log Po/w (MLOGP) 4.01 2.62 -2t0 6

Log Po/w (SILICOS-IT) 4.13 2.06 -2t0 6

Consensus Log Po/w 4,11 2.18 -2106

Water solubility

Log S (ESOL) -4.64 -3.84 > -4
. 7.77e-03 mg/ml; 5.57e-02 mg/ml;

Solubility 2.27¢-05 mol/l 1.45¢-04 mol/l

Class Moderately soluble Soluble

Log S (Ali) -5.20 -4.93 > -4
. 2.14e-03 mg/ml; 4.51e-03 mg/ml;

Solubility 6.25¢-06 mol/l 1.18e-05 mol/l

Class Moderately soluble | Moderately soluble

www.wjpmrcom |

Vol 11, Issue 4, 2025. |

ISO 9001:2015 Certified Journal | 45




Ekpiken et al.

World Journal of Pharmaceutical and Medical Research

Log S (SILICOS-IT) -3.93 -1.47 >-4
Solubilit 3.99e-02 mg/ml; 1.30e+01 mg/ml;
Y 1.16e-04 mol/l 3.39e-02 mol/l

Class Soluble Soluble

Pharmacokinetics

Gastrointestinal absorption High High Depends on t_herapeutlc target
and formulation

Blood-Brain Barrier Yes No Typically, low permeability for
CNS drugs

. Depends on therapeutic target

p-glycoprotein substrate No Yes and formulation

Cytochrome P450 1A2 inhibitor No No Depends on 'therapeutlc target
and metabolism

Cytochrome P450 2C19 inhibitor No No Depends on 'therapeutlc target
and metabolism

Cytochrome P450 2C9 inhibitor Yes No Depends on therapeutic target
and metabolism

Cytochrome P450 2D6 inhibitor No No Depends on .therapeutlc target
and metabolism

Cytochrome P450 3A4 inhibitor No No Depends on .therapeutlc target
and metabolism

Log Kp (skin permeation) -5.14 cm/s -6.37 cm/s Depends on the intended route of

administration

Drug-likeness

Lipinski (Pfizer) filter

Yes; 0 violation

Yes; 0 violation

No more than 1 violation

Ghose filter Yes Yes No more than 1 violation
Veber (GSK) filter Yes Yes No more than 1 violation
Egan (Pharmacia) filter Yes Yes No more than 1 violation
Muegge (Bayer) filter Yes Yes No more than 1 violation
Abbott Bioavailability score 0.55 0.56 >0.5
Medicinal Chemistry

Pan assay interference structure (PAINS) 0 alert 0 alert No specific limits

Brenk structural alert 2 alerts: aldehyde, 0 alert No specific limits

isolated alkene

Lead-likeness

No; 1 violation:
XLOGP3>3.5

No; 1 violation:
MW>350

Synthetic accessibility score

5.17

4.91

1-10

DISCUSSION

The antibacterial activities of fractions of A. cordifolia
leaf ethanol extract against the test bacterial isolates,
showed that n-hexane fraction exhibited low antibacterial
activity against the test bacterial isolates. This result is
somewhat similar to previous report by Mogana et al.
(2020), where the authors used Canarium pateninervium
Mig. Also, this study is in agreement with previous
report by George et al. (2010). The low antibacterial
activity observed for n-hexane fraction is suggestive of
the fact that either the bioactive compounds of A.
cordifolia leaf may not be lipophilic or could not diffuse
adequately through the agar plate (Ekundayo et al.,
2020). The dichloromethane (DCM) fraction showed
good antibacterial activities against the test bacterial
isolates. Comparatively, DCM fraction exhibited a better
activity than n-hexane fraction. The DCM fraction
showed good activity against the test bacterial isolates.
Antibacterial activity of medicinal plants have been
widely reported and is often due to the presence of
several phytoconstituents (Mbah et al., 2012). The

butanol and ethyl acetate fractions, showed remarkable
antibacterial activities against all the test bacterial
isolates. Comparatively, the butanol fraction showed
better activity and was more active against Gram-
negative bacteria while ethyl-acetate showed better
activity against Gram-positive bacteria than Gram-
negative bacteria, indicating that these fractions have
broad spectrum of antibacterial activity as such, could be
used to treat infections caused by members of
Enterobaceriaceae, S. aureus and B. thuringiensis
(Adeshina et al., 2012). The butanol and ethyl-acetate
fractions exerted high inhibition against the various test
bacterial isolates at the highest concentration with values
ranging from 15.5+0.5 mm for B. thuringiensis to
26.0£1.0 mm for K. pneumoniae and 15.0+£0.0 mm for E.
cloacae to 25.0+1.0 mm for K. pneumoniae respectively.
Similar activity was also reported by Mohammed and
Ado, (2022) using ethyl-acetate fraction. As clearly
shown in the present study, the butanol and ethyl-acetate
fractions possess inhibitory properties at varying degrees.
The higher inhibitory efficacy of butanol and ethyl-
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acetate fractions might be attributed to the higher
proportion of some of these secondary metabolites
namely phenol, alkaloids, flavonoids and fatty acids in
these fractions. From the results of this study, Gram
negative bacteria showed more sensitivity to the butanol
fraction of A. cordifolia leaf ethanol extract than Gram
positive  bacteria, while ethyl-acetate  fraction
demonstrated higher activity against Gram-positive
bacteria than Gram-negative bacteria. The differences in
the sensitivity of the test bacterial isolates to the fractions
could be attributable to the breakdown of
lipopolysaccharide (LPS) of Gram-negative bacteria,
thus allowing the permeation of the bioactive
phytoconstituents of the fractions (Mohammed and Ado,
2022). Similarly, high efficacy of ethyl-acetate fraction
against Gram-positive bacteria could be attributed to the
inhibition of the synthesis of wall teichoic acid
predominantly present in Gram positive bacteria, by the
bioactive compounds. Pasquina et al. (2013), opined that
wall teichoic acid could be a new antibacterial agent
target, as such inhibiting its biosynthesis will resensitise
methicillin resistance S. aureus (MRSA) to B-lactam
drugs. The aqueous fraction exerted the highest
inhibition against E. coli with inhibition zone value of
16.0£1.0 mm. Also, the aqueous fraction had little
activity against P. mirabilis with inhibition zone diameter
of 11.0+0.0 mm. This result is expected because the
active compounds are non-polar in nature, as such the
compound’s solubility may be low or absent in the
aqueous medium (Adounkpe et al., 2022). The result of
this study agrees with the previous study by Kebede and
Shibeshi, (2022) as it was effective against E. coli,
however, there was no efficacy against K. pneumoniae
and S. aureus using Ricinus communis.

Equally, the MIC and MBC values of butanol fraction
varied and ranged from 31.25 to 125 mg/mL. Gram-
negative bacteria were more sensitive to the fraction with
lower MICs and MBCs than the Gram-positive bacteria,
indicating good inhibitory activities against Gram-
negative bacteria.

The GC-MS analysis of butanol and ethyl-acetate
fractions of A. cordifolia leaf ethanol extract revealed the
presence of 15 and 13 compounds respectively. Some of
the identified compounds have been previously reported
to possess therapeutic properties. For instance,
hexadecenoic acid-1,1- dimethyl ethyl ester, 9,12-
Octadecadienoic acid, Octadecanoic acid, y-Sitosterol,
linoleic acid and oleic acid possess antioxidant, anti-
inflammatory and anti-cancer properties (Okereke et al.,
2017; Okagu et al., 2018). The presence of these
bioactive compounds give credence to the use of the
plant for treatment and prevention of various diseases by
traditional practitioners. However, isolation of individual
phytoconstituents for the production of novel drugs and
subjecting them to biological and pharmacological
activities will likely give better results.

The molecular docking result revealed that hydrogen
bonding is the prevailing force controlling the
interactions between the docked compounds and the
protein targets (Umar et al., 2020). Comparatively, the
strong affinities of the ligands to the protein targets
resulted in highly negative binding affinities, which
indicate that the ligands bind firmly with the protein
targets (with varying amino acid residues) than the
standard drugs, ciprofloxacin. Hence, the ligands (PAM
and EIA) could be used as novel inhibitors of the specific
proteins expressed (Lee et al., 2008 and Hasan et al.,
2021); as evident in the molecular docking results. The
bond lengths between atoms in a molecule or between
molecules play a crucial tole to determine interaction
strength. As such, in molecular docking, shorter bond
lengths indicate stronger interactions (Gibbs et al.,
2013). The shorter bond lengths observed with their
respective interacting amino acid residues suggests
strong and stable interactions with the different protein
targets, thus, contributing to their binding energies
(Gibbs et al., 2013).

The molecular docking results lay a promising
foundation and corroborate the potential of the ligands
(PAM and EIA) as novel inhibitors of the protein targets
from B. thuringiensis, E. coli, S. aureus, K. pneumoniae,
P. mirabilis and E. cloacae, which is evident in the in
vitro reports of this study. There is limited literature
relating to interactions of these protein targets and the
ligands, as such, comparison with previous studies is
challenging.

Furthermore, the ligands, PAM and EIA were evaluated
for their drug-likeness and pharmacokinetics ADMET
properties. From the result of the study, the ligands met
all the drug-likeness filters (Lipinski, Ghose, Veber,
Muegge and Egan) with no violation, which is indicative
of the ligands’ adherence to the principles that guide the
design of successful drug candidates (Dahiru et al.,
2024). The ligands exhibited high gastrointestinal
absorption properties with moderate solubility, though
PAM is not predicted to be p-glycoprotein substrate, but
EIA is a p-glycoprotein substrate. The p-glycoproteins
act as barrier, detoxifying the cell by extruding toxins
and foreign compounds from the cell (Pires et al., 2015).
Also, the ligands were predicted to be skin permeable,
because they exceeded the threshold value of >-2.5 cm/s
(Dahiru et al, 2024). Furthermore, the oral
bioavailability showed that the ligands demonstrated
good potential bioavailability, which is critical for the
ligands effectiveness when administered (Umar et al.,
2020 and Dahiru et al., 2024). Summarily, all the ligands
exhibited good pharmacokinetics properties and as such
could be potential novel inhibitors of the specific
proteins to curb the menace of AMR.

CONCLUSION

The pharmacological and therapeutic activities of A.
cordifolia leaf is evident in the wide reports and the
identified bioactive phytoconstituents. The molecular
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docking revealed high binding affinity between the
ligands and the protein targets. Also, the ADMET
properties showed that the compounds; PAM, EIA could
be novel antibacterial agent that could be used in treating
bacterial infections. Therefore, further in vivo studies on
the compounds are recommended to ascertain its efficacy
and safety in the treatment and prevention of human
bacterial infections.
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