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Abstract

The rapid emergence and global dissemination of B-lactamase producing bacterial strains have
significantly undermined the clinical utility of B-lactam antibiotics, which constitute one of the
most widely used classes of antimicrobial agents. These enzymes hydrolyze the B-lactam ring,
rendering antibiotics ineffective and leading to increased morbidity, mortality, and healthcare
costs. The growing resistance crisis underscores the urgent need for alternative therapeutic
strategies, including the identification of novel -lactamase inhibitors that can restore antibiotic
efficacy. In this context, plant-derived bioactive metabolites offer a valuable and underexplored
reservoir of chemical diversity with potential antimicrobial and enzyme inhibitory properties.
Combining traditional ethnobotanical knowledge with modern scientific tools allows for the
systematic exploration of phytochemicals as prospective B-lactamase inhibitors. Furthermore,
integrating in vitro screening with in silico approaches such as molecular docking,
pharmacokinetic modeling, and molecular dynamics simulations enhances the rational
identification and characterization of plant-based compounds with drug-like potential. This
multidisciplinary approach is crucial for advancing the development of novel, plant-derived f3-

lactamase inhibitors as complementary or synergistic agents to existing antibiotic therapies.

The rising resistance to [-lactam antibiotics due to B-lactamase production by
pathogenic bacteria necessitates the search for novel inhibitors. This study investigates the -
lactamase inhibitory potential of seven traditionally used medicinal plants, Berberis aristata,
Solanum nigrum, Curcuma amoda Roxb., Momordica charantia, Azadirachta indica, Punica
granatum, and Camellia sinensis. Different plant parts were collected (seeds, fruit, leaves and
bark), dried, and extracted sequentially using solvents of increasing polarity (hexane <
chloroform < ethyl acetate < acetone < methanol < water). A total of 60 extracts were screened

for inhibitory activity against purified B-lactamase using nitrocefin-based spectrophotometric
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assays. Among the screened extracts, the methanolic and acetone extracts of Azadirachta indica
inner and outer bark and Punica granatum peel exhibited significant f-lactamase inhibition.
The outer bark extracts of 4. indica showed the highest inhibition of 98% and 94% with ICso
values of 2.1 pg/ml and 4.6 pg/ml for methanol and acetone extracts, respectively. In contrast,
P. granatum peel extracts demonstrated moderate inhibition of 72% and 67% with higher ICso
values of 1140 ug/ml and 1200 pg/ml. Enzyme kinetic studies revealed an uncompetitive
inhibition mode for the outer bark extracts of 4. indica, while inner bark and P. granatum peel
extracts exhibited non-competitive inhibition. These findings underscore the potential of
phytochemicals from Azadirachta indica and Punica granatum as promising (-lactamase

inhibitors, offering a natural alternative for combating antibiotic resistance.

The emergence of B-lactamase producing pathogens poses a critical challenge to [-
lactam antibiotics. The present study evaluates the synergistic potential of selected medicinal
plant extracts in combination with ampicillin to enhance antibacterial efficacy against f-
lactamase producing bacteria. Six previously identified plant extracts exhibiting B-lactamase
inhibitory activity were evaluated for synergistic interactions with ampicillin against Bacillus
tropicus and Bacillus subtilis. A checkerboard assay was employed in 96-well microtiter plates,
and bacterial growth inhibition was monitored in presence of different combinations of selected
plant extracts and ampicillin via OD600 measurements over 24 hours, followed by resazurin
based viability assessment. The fractional inhibitory concentration (FIC) was calculated to
quantify synergy. Synergistic mapping and dose-response profiles were generated using the
Highest Single Agent (HSA) model via the Combenefit tool. Methanolic and acetone extracts
of Azadirachta indica inner and outer bark, as well as Punica granatum peel, demonstrated
significant synergy with ampicillin. Among these, acetone and methanolic extracts of A. indica
outer bark exhibited the strongest synergistic effects showing FIC < 0.5, and additive effects

were observed with its acetone extract. This study underscores the promise of plant-derived
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extracts, especially from Azadirachta indica, as adjuvants to conventional antibiotics, offering

a novel strategy to combat -lactamase mediated resistance.

This research focuses on the in-silico characterization of bioactive compounds from
Azadirachta indica outer bark extracts to identify potential B-lactamase inhibitors. Methanolic
extract of Azadirachta indica outer bark was subjected to GC-MS analyses, leading to the
identification of 62 metabolites. These compounds were further docked against Class A PDB
ID: 6SP6, Class C PDB ID: 4WYY, and Class D PDB ID: 5L2F, B-lactamase enzymes using
AutoDock Vina. Twelve metabolites exhibited strong binding affinities across all B-lactamase
classes, showed binding energy <—7.5 kcal/mol. Nimbiol, nimbinone, nimbionone, and sugiol
showed the highest inhibitory potential against all three different f-lactamase enzymes. The

pharmacokinetic profiling of shortlisted four compounds was done using SwissADME,

The top metabolites were further analyzed through Density Functional Theory (DFT)
using Gaussian 09 (B3LYP/6-31+G(d,p)) to investigate their electronic properties. HOMO—
LUMO energy gaps ranged between 4.5-6.2 eV, indicating chemical stability and favorable
reactivity. Electrostatic potential (ESP) mapping revealed the donor and acceptor regions
essential for protein—ligand interaction. Molecular Dynamics (MD) simulations were
performed using GROMACS 2019 to validate docking results and analyse the dynamic
stability of ligand—enzyme complexes over 100 ns. The complexes demonstrated consistent
RMSD, low RMSF, and stable radius of gyration (Rg) values, indicating robust binding and
minimal conformational fluctuations. Sustained hydrogen bonding throughout the simulations

further confirmed strong and stable interactions.

These findings highlight the potential of Azadirachta indica derived phytochemicals as novel
inhibitors targeting diverse classes of B-lactamase enzymes, offering promising leads for the

development of next-generation antibacterial agents.
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