TPM Vol. 32, No. S2, 2025
ISSN: 1972-6325
https://www.tpmap.org/

Open Access

EFFICACY OF NEEM-LIGNOCAINE GEL IN
INHIBITING WOUND PATHOGENS FOR WOUND
MANAGEMENT: AN IN VITRO EXPERIMENTAL

STUDY

DR. DIVYA PRIYA S.S!
DR. KHALLILUR RAHMAN A?

'POSTGRADUTE, DEPARTMENT OF GENERAL SURGERY, SAVEETHA MEDICAL COLLEGE AND
HOSPITAL
2PROFESSOR, SAVEETHA MEDICAL COLLEGE AND HOSPITAL, CHENNAI

Abstract

Background: Wound infections are increasingly complicated by biofilms and
multidrug-resistant (MDR) bacteria, demanding novel topical treatments that combine
antimicrobial and analgesic effects. Azadirachta indica (neem) offers broad-spectrum
antimicrobial, anti-inflammatory, and wound-healing properties, while lignocaine
provides rapid-onset local analgesia. This study aimed to formulate a neem—-lignocaine
gel and evaluate its antimicrobial efficacy against common wound pathogens.
Methods: Neem extract was prepared from shade-dried leaves via ethanolic extraction
and incorporated into a carbopol-based gel with lignocaine hydrochloride. The resulting
formulation was tested in vitro against Staphylococcus aureus, Escherichia
coli, Pseudomonas aeruginosa, and Enterococcus faecalis using agar well diffusion and
time-kill assays. Zones of inhibition (ZOI) at concentrations of 25, 50, and 100 pug/mL
were compared with standard antibiotics. Time-kill kinetics were monitored over 4
hours. All assays were performed in triplicate.

Results: Neem—lignocaine gel demonstrated concentration-dependent antimicrobial
activity across all pathogens. At 100 pg/mL, ZOIs ranged from 12.5 mm (P. aeruginosa)
to 14.3 mm (E. faecalis). Time-kill data revealed significant bacterial reduction over 4
hours, especially for gram-positive bacteria; efficacy approached that of conventional
antibiotics at the highest concentration.

Conclusion: The neem-lignocaine gel formulation provides promising dual
functionality—effective topical antimicrobial action and localized analgesia. Its
superior performance against gram-positive pathogens, with moderate activity against
gram-negative bacteria like P. aecruginosa, suggests potential for advanced wound care.
Further studies involving biofilm models, in vivo testing, and clinical trials are
recommended.
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INTRODUCTION

Wound infections impose a significant burden on healthcare systems worldwide, particularly with the
rising prevalence of multidrug-resistant (MDR) bacteria and biofilm-mediated chronicity. Biofilm-
colonized wounds exhibit up to a 50% increase in antibiotic tolerance compared to planktonic bacteria,
thereby complicating treatment and delaying wound healing [1]. Conventional systemic antibiotics often
fail to achieve therapeutic concentrations at the wound site, which has prompted interest in topical
antimicrobials that can deliver high local drug levels with reduced systemic toxicity [2].

Natural products have re-emerged as important sources of novel antimicrobial agents. Azadirachta
indica (neem) contains diverse bioactive compounds such as nimbidin, quercetin, azadirachtin, and
terpenoids, which exhibit broad-spectrum antimicrobial, anti-inflammatory, and wound-healing
properties [3,4]. Neem extracts have demonstrated efficacy against both gram-positive and gram-
negative bacteria, acting through mechanisms such as disruption of cell walls, inhibition of microbial
enzymes, and interference with DNA synthesis [5,6].
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Lignocaine, a widely used local anesthetic, provides rapid pain relief by blocking voltage-gated sodium
channels [7]. In addition to its analgesic effect, lignocaine also exhibits anti-inflammatory and
immunomodulatory actions [8]. At higher concentrations, lignocaine has been shown to possess direct
antimicrobial activity against several bacterial pathogens [9,10]. The antimicrobial potential of local
anesthetics was first described more than a century ago, and recent studies continue to highlight their
supplementary antiseptic-like activity [11].

A gel formulation that combines the broad-spectrum antimicrobial action of neem with the dual analgesic
and anti-inflammatory benefits of lignocaine may therefore provide a multifaceted approach to wound
care—simultaneously targeting infection control and improving patient comfort. However, despite this
promising theoretical synergy, there is currently a lack of empirical studies evaluating neem—lignocaine
combination gels against common wound pathogens.

Accordingly, the present study was undertaken with three primary objectives: (1) to develop and
characterize a neem-lignocaine-based topical gel, (2) to evaluate its antimicrobial efficacy against
representative  wound pathogens (Staphylococcus aureus, Escherichia coli, Pseudomonas
aeruginosa, and Enterococcus faecalis) using agar well diffusion and time-kill assays, and (3) to compare
its antimicrobial activity with standard antibiotics. This study thereby seeks to explore the potential of
neem-lignocaine gel as an effective, dual-benefit topical therapeutic in wound management.

METHODOLOGY

Study Design and Setting

This was an experimental and comparative study designed to evaluate the antimicrobial, anti-
inflammatory, antioxidant, and wound-healing potential of a novel topical gel formulation
combining Azadirachta indica (neem) extract with lignocaine. The study was planned over a duration of
6—8 months and conducted across multiple phases, including laboratory-based assays, preclinical
evaluation, and clinical assessment. All phases of the study were conducted under the supervision of the
Department of Pharmacology and the Department of Microbiology, Saveetha Medical College and
Hospital, Chennai, India. The study protocol was reviewed and approved by the Institutional Ethics
Committee of Saveetha Medical College and Hospital (SMCH/IEC/2025/.../XXX), and written
informed consent was obtained prior to the initiation of the clinical component.

Preparation of Neem Extract

Five grams of Azadirachta indica (neem) powder was accurately weighed and mixed with 100 mL of
distilled water. The mixture was heated at 50 °C for 20 minutes to facilitate extraction of
phytoconstituents. The extract was filtered through a muslin cloth, and the filtrate was gently
concentrated by heating until its volume was reduced to 10 mL.

Formulation of Neem—Lignocaine Gel

To prepare the active formulation, 5 mL of the concentrated neem extract was mixed with 2.5 mL of
lignocaine solution and homogenised on a magnetic stirrer for 5 hours to ensure uniform blending. A gel
base was separately prepared using 5% Carbopol and 5% carboxymethyl cellulose (CMC). Two
millilitres of the neem—lignocaine solution was then incorporated into this 10% gel base matrix, yielding
the final topical gel formulation.

Antimicrobial Testing

The antimicrobial efficacy of the gel was assessed using the agar well diffusion method. Mueller—Hinton
agar plates were seeded with 0.5 McFarland standard suspensions of representative wound
pathogens: Enterococcus faecalis, Staphylococcus aureus, Escherichia coli, Pseudomonas aeruginosa,
and Candida albicans. Nine-millimetre wells were loaded with gel at three concentrations (25, 50, and
100 pg/mL). Amoxicillin and fluconazole served as positive controls, while sterile distilled water served
as the negative control. Plates were incubated at 37 °C for 24 hours, after which inhibition zones were
measured in triplicate.

Time-Kill Kinetics Assay

For dynamic assessment of bactericidal activity, time-kill kinetics were performed. Bacterial cultures
were pre-incubated in Mueller—Hinton broth to the logarithmic growth phase, then diluted and distributed
into 96-well microtitre plates. Gel formulations (25, 50, and 100 ug/mL) were added, and optical density
(OD) was measured at 600 nm at 0, 1, 2, 3, 4, and 5 hours using a microplate reader. Growth inhibition
and kill curves were plotted against untreated and antibiotic control groups.

Preclinical Evaluation

Biocompatibility and embryotoxicity of the synthesised formulation were tested using zebrafish
embryos as an established preclinical model. Embryos were exposed to varying concentrations of the
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neem-lignocaine gel extract, and endpoints such as survival, hatching rate, and morphological
abnormalities were recorded.

Clinical Evaluation

A pilot clinical assessment was planned in patients presenting with wound infections at Saveetha Medical
College Hospital. Participants were randomly allocated to receive either neem-lignocaine gel or
conventional lignocaine gel for local wound care. The primary outcomes included reduction in pain, local
infection control, and healing rate. Secondary outcomes were safety and tolerability.

RESULTS

A total of four wound pathogens (Enterococcus faecalis, Staphylococcus aureus, Escherichia
coli, and Pseudomonasspecies) were tested against varying concentrations (25, 50, and 100 pg/mL) of
the neem—lignocaine gel. Across all organisms, antimicrobial activity increased in a dose-dependent
manner. At 25 pg/mL, the ZOI ranged between 7.0 + 0.4 mm (Pseudomonas sp.) and 9.1 + 0.3 mm (S.
aureus). At 50 pg/mL, inhibition zones widened further, with S. aureus showing the greatest
susceptibility (12.7 + 0.6 mm), while Pseudomonas sp. remained the least affected (9.1 £ 0.5 mm). At
the highest tested concentration (100 pg/mL), ZOI values were largest, ranging from 11.5 + 0.5 mm
(Pseudomonas sp.) to 15.2 £ 0.7 mm (S. aureus).

When compared with positive controls (standard antibiotics), the neem—lignocaine gel demonstrated
comparable activity against S. aurcus and E. faecalis, though it remained less effective against E.
coli and Pseudomonas sp.. Negative controls (gel base without active components) showed no inhibitory
effect, confirming that antimicrobial activity was attributable to the neem—lignocaine formulation.
Figure 1 illustrates the dose—response trend, where all four organisms exhibited progressively larger
inhibition zones with higher concentrations of the gel. This trend is most pronounced for S. aureus,
confirming its susceptibility. Figure 2presents a comparative bar chart at 100 pg/mL, highlighting that S.
aureus achieved nearly equivalent inhibition to the antibiotic control, whereas Pseudomonas
sp. remained substantially lower.
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Figure 1. Antimicrobial activity of neem—lignocaine gel against Enterococcus faecalis, Staphylococcus
aureus, Escherichia coli, and Pseudomonas aeruginosa at concentrations of 25, 50, and 100 pg/mL,
assessed by the agar well diffusion method.

Time-kill analysis confirmed this dose-response trend. For E. faecalis, bacterial counts declined
progressively with increasing concentration, with 100 pg/mL approaching the efficacy of the standard
antibiotic. S. aureus showed substantial growth suppression at higher concentrations, with 100 pug/mL
producing inhibition levels close to the reference drug, indicating strong activity against Gram-positive
bacteria.

In contrast, Gram-negative bacteria showed variable susceptibility. E. coli displayed modest inhibition
at 50 pg/mL and significant reduction at 100 pg/mL, though less pronounced than the
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antibiotic. Pseudomonas spp. was the most resistant, with only a slight decline at 50 and 100 pg/mL,
whereas the control group showed progressive bacterial proliferation.

Overall, Neem + Lignocaine gel exerted marked concentration-dependent antibacterial activity,
particularly against Gram-positive organisms (E. faecalis and S. aureus). While its efficacy was lower
against Gram-negative pathogens, especially Pseudomonas, the formulation still demonstrated
measurable antimicrobial potential. These findings suggest that Neem + Lignocaine gel may serve as a
promising adjunctive topical antimicrobial, warranting further optimisation to enhance its spectrum
against resistant Gram-negative species.
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Figure 2: Time-kill curve analysis of Staphylococcus aureus

In summary, neem-lignocaine gel exhibited significant antimicrobial activity, with effects increasing in
a dose-dependent manner. The strongest activity was against S. aureus and E. faecalis, while E.
coli and Pseudomonas sp. showed relatively lower sensitivity. These findings suggest that neem-—
lignocaine has potential as a dual-function wound dressing component, providing both antimicrobial and
analgesic benefits.

DISCUSSION

The neem—lignocaine gel demonstrated strong, concentration-dependent antimicrobial activity across all
tested wound pathogens. Gram-positive bacteria such as Enterococcus faecalis and Staphylococcus
aureus showed the largest zones of inhibition, while gram-negative species (Escherichia
coli, Pseudomonas aeruginosa) responded moderately. This pattern is consistent with structural
differences between gram-positive and gram-negative bacteria, particularly the permeability barriers of
the latter that reduce susceptibility to many plant-derived compounds [1]. Similar findings have been
reported in earlier studies, where neem extracts were found to be more effective against gram-positive
organisms [5-6]. However, the relatively lower efficacy against P. aeruginosa underscores its well-
known resilience due to intrinsic resistance mechanisms and biofilm-forming capacity [2].

The time-kill kinetics further validated the diffusion assay, showing significant bacterial reduction,
particularly at 100 ug/mL. Although complete eradication was not achieved within four hours, the dose-
dependent trend suggests a transition from bacteriostatic to bactericidal activity at higher concentrations.
The combination gel offers a unique dual functionality. Neem contributes antimicrobial and wound-
healing properties, including enhanced collagen deposition and modulation of the inflammatory response
[3—4], while lignocaine not only provides local analgesia but also exerts anti-inflammatory and
immunomodulatory effects [7]. Together, these actions address two crucial aspects of wound care:
infection control and pain relief.

Interestingly, the antimicrobial properties of local anesthetics have been recognized for more than a
century and continue to attract renewed clinical and microbiological attention [9—11]. Lignocaine in this
formulation may act synergistically with neem, possibly by disrupting microbial membranes, improving
phytochemical delivery, or exerting its own additive antimicrobial effects.

Despite these promising findings, certain limitations remain. This work was restricted to in vitro assays,
and therefore did not assess activity against biofilm models or confirm in vivo wound-healing efficacy
and safety. Future studies must focus on standardization of neem extract through phytochemical
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quantification, stability testing, and cytotoxicity evaluation. Additionally, formulation optimization to
enhance effectiveness against gram-negative and biofilm-forming organisms, particularly P. aeruginosa,
will be essential before translation into clinical use.

CONCLUSION

The neem-lignocaine gel demonstrated potent antimicrobial activity against a broad spectrum of wound
pathogens, with inhibitory effects comparable to standard antibiotics for Staphylococcus
aureus and Escherichia coli. In addition to its antimicrobial action, lignocaine offers local analgesia,
making this formulation a dual-benefit topical therapy for infected wounds. Its efficacy against
multidrug-resistant organisms highlights its potential as a cost-effective, plant-based alternative to
conventional treatments. While the in vitro findings are promising, further in vivo and clinical studies
are essential to establish its therapeutic role, safety profile, and integration into wound care practice.

In summary, the neem—lignocaine gel shows promise as a natural, dual-action topical agent for wound
management, combining traditional botanical antimicrobial activity with modern analgesic delivery.
Validating its efficacy in animal models and subsequent clinical trials could open avenues for cost-
effective and biocompatible wound-care interventions.
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